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Multi-layer Recursive Forecasting Method
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Abstract: The multi-layer recursive forecasting method is used on road traffic accident forecasting in this study. We
suggested the factors as density of population, GDP per capita, highway passenger transport, highway freight
volume, highway mileage, density of road network, amount of vehicle, amount of cars per capita and environmental
factors is selected by MATLAB in forecasting model. The model including autoregression item and the model
including autoregression item and environmental factors is proposed. By changing the forecasting period, the
forecasting results in years and months are acquired and analyzed. We conclude that the forecasting accuracy in
short period is higher than in long period by comparing with results of long and short period.
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INTRODUCTION

As the development of society, the forecasting is
focused increasingly. So it is caused for many
researchers to discuss the forecasting methods. Because
of wide application on computer, the researches are
developed on quantitative forecasting and analyzing.
But the adaptability of every method is limited. When
forecasting is carried out by different method, the
results have distinct difference (Zhang and Han, 2002;
Wen-Lin, 2005; Jian-Xi and De-Yan, 2011). At the
same time, as the change of many factors such as
parameter, forecasting period, the change of result is
caused. The cause is that parameters of many
forecasting models are no-time varying but forecasting
object is varied continuously. By those models, time
varying parameter system is considered as no-time
varying parameter system. So when no-time varying
model is applied to forecast time varying parameter
system, forecasting accuracy is impacted. Forecasting
period impacts the forecasting accuracy also. Road
traffic accident forecasting is analyzing and predicting
the future tendency of road traffic accident. It is a
describing process to the future state of road traffic
accident based on researching systematically past and
current state and analyzing systematically the change of
related factors. The used methods include qualltative
and quantitative methods. It are better for the
quantitative methods to describe the future tendency of
road traffic accident ,so is used widely, such as fuzzy
mathematics, statistics and gray theory, Xiang-Yong
et al. (2003), El-Basyouny and Sayed (2009), Ma et al.

(2008), Mountain et al. (1996), Sayed (2000), Shan
et al. (2008) and SooBeom et al. (2005).

Zhi-Gang (2001) gang opposed the multi-layer
recursive forecasting method based on modern control
theory. After that, many researchers applied this
forecasting method to many systems, such as
construction, traffic etc and good forecasting results
were obtained (Yan-Na et al., 2008; Guo et al., 2000;
Guo and Shi, 2009; Bing et al., 2005; Xiang-Yong
et al., 2006; Ren-de ef al., 2008a; Shuang-Zhong et al.,
2004). As a new mathematical statistics method,
multilevel recursive method regards forecasting objects
as stochastic dynamical time-variant system and
abandons constant parameter model in usual statistical
forecast methods. The method divides the prediction of
system state into two steps. The first is to predict time-
varying parameter and the second is to forecast system
state on the basis of the first step. Thus the method has
superiority dealing with strongly fluctuated questions
and non-linear questions. The key of the method is the
prediction of time-varying parameter. In view of the
dynamic and time-varying characteristic of a traffic
system, a multi-level recursive forecasting method was
proposed and a multi-level recursive forecasting model
for forecasting road traffic accidents was established in
road traffic accidents forecasting (Tian-Tang and Zhen-
Bo, 2003).

Beginning from the external features of traffic
system, this study look road traffic accident as a time
series to found input-output model based on the
characteristic of multi-level recursive forecasting
method. The model I ncluding autoregression item and
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the model including autoregression item and
environmental factors is proposed respectively. By
changing the forecasting period, the forecasting results
in years and months are acquired and analyzed. We
conclude that the forecasting accuracy in short period is
higher than in long period by comparing with results of
long and short period.

MATERIALS AND METHODS

Establishing forecasting model is the key step on
forecasting. After established control model for control
system design is mended, this model can be applied to
forecasting. The multilevel recursive forecasting
method which regards forecasting objects as stochastic
dynamical time-variant system differs from fixed
parameters method. Its basic idea is breaking the state
forecasting of time-variant system into forecasting of
time-variant parameters and forecasting of system state
to reduce forecasting error highly (Hecht-Nielsen,
1989; Wang and Jian-She, 2008; Xiaokun and Kara,
2007; Ren-de et al., 2008b).

Road traffic accident is affected by many factors
and does great harm to road traffic security. Applying
deterministic models needs many parameters that can’t
be met usually. Therefore using multilevel recursive
non-stationary time series model to forecast road traffic
accident has superiority. Road traffic accident is
stochastic, so it is necessary to regard road traffic
system as nonlinear time — variant parameters system.
For forecasting road traffic accident in the future,
nonlinear recursive forecasting model must be
established. According to the separable theorem of
output, many multi-output system models may be
divided into some single output system models, so
nonlinear system may be replaced by a set of linear
system. When forecasting on dynamic traffic system is
carried, single output system is considered only. For
advancing adaptability of forecasting model, a great of
past data which accords with past changing rule of
system is necessary in multilevel analysis on time
series.

The road traffic accident changing rule on time is
essential bases on taking road traffic safety
management measures. So, for preventing traffic
accident, it is important to analyze and know traffic
accident rule. However, because traffic accident
changing rule has great difference in different period,
the forecasting result is different always by same
forecasting method.

The multi-level recursive forecasting model of on
traffic accident is established as formula (1) (Xiang-
Yong et al., 2006):

y(k) = e (k) y(k =1) + a, (k) y(k =2) +---
+a,(k)y(k—n)+ f,(kyu, (k)

+ By (kK)uy (k) +---+ B, (k)u,, (k) +e(k)
=Y (k)ytk—i)+ S B, (kyu, (k) + k) (1)

where,

y(k) = One-dimensional outputs, i.e., road accidents
prediction value in future time k
u,(k),u,(k),--,u, (k)= m one-dimensional
inputs, i.e., road accidents impact measures
o, (k)aaz (k)a A, (k)a = n+m

Bk, By (k),--- B, (k)

forecasting time varying parameters

e (k) = One-dimensional white noise
k = Time
n = Auto regression rank of model

The first item in the right of this equation is called
auto regression item which reflects historical
development rule of road traffic itself, the second is
called environmental factor which reflects the impact of
exterior environment to the road accidents. When
building the road accidents prediction model in
detailed, if the evolvement rule of road traffic is
obvious, the accident itself reflects the impacts of
several factors to it and has self-rule. Road traffic
accidents multi-level auto-recursive forecast model
only with auto regression item can be set up. Let:

p(k) =[y(k =1), y(k =2),---,

y(k = n)uy (), (k), -, (KN
0(k) = [ (k),a, (k),--x, (k),

B k), (k). B, (k)]

then the formula (1) can be written as:
y(k) = (k)" O(k) + e(k) Q)

when y(k), ¢(k), O(k-1) is given, the recursive track
formula of time varying parameter (k) can be
obtained:

! )

lotolf
P() (k) — (k)T Ok -1} B

O(k) = 0(k - 1) +

It satisfies the constraint condition y(k) =
¢o(k)T0(k) and minimizes index parameter j = ||§ k) —
A(k—1) 2. According to different characteristic of
parameter prediction series {6;(k)}, by choosing
different parameter forecasting method, each time
varying parameter's next step prediction value 8*(N+1)
can be obtained. In the basis of parameter forecasting,
using next step prediction formula of y(k):
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Table 1: 1998-2009 road traffic accident death

Table 4: 1998-2009 per capita GDP

Year 1998 1999 2000 2001 2002 2003 Year 1998 1999 2000 2001 2002 2003
Accident death toll GDP per-capita
(ten thousand men) 0.643 0.867 0.981 0.944 0917 0.891 (ten thousand
Year 2004 2005 2006 2007 2008 2009 yuan) 0.8128 0.8673 0.9555 1.0465 1.1645 1.3661
Accident death toll Year 2004 2005 2006 2007 2008 2009
ten thousand men) 0.780 0.705 0.631 0.576 0.503 0452 GDP per-capita

(ten thousand
Table 2: 1998-2009 population and density of population yuan) 1.6874 2.0096 2.3794 2.7807 3.3083 3.5894
Year 1998 1999 2000 2001 2002 2003
Population Table 5: 1998-2009 amount of motor vehicle

(thousand men) 88380 8883089970 90410 90820 91250
Density of population

(thousand men/square

kilometer) 0.578 0.581 0.588 0.591 0.594 0.596
Year 2004 2005 2006 2007 2008 2009
Population

(thousand men) 91800 92480 93090 93670 94170 94700
Density of population
(thousand men/square

kilometer) 0.600 0.604 0.608 0.612 0.615 0.619

Table 3: 1998-2009 highway mileage and density of highway

network

Year 1998 1999 2000 2001 2002 2003
Highway
mileage(kilometer) 64145 67847 70686 71128 74029 76266
Density of highway
network(kilometer/
square kilometer) 0.419 0.443 0.462 0465 0.484 0.498
Year 2004 2005 2006 2007 2008 2009
Highway
mileage(kilometer) 77768 80132 204911 212236 220687 226693
Density of highway
network(kilometer/
square kilometer) 0.508 0.524 1339 1.387 1.442 1482

PN +1/N)=p(N+1)" 0" (N +1) 4)

there, y(N+1/N) is next step prediction value of y(N).
RESULTS AND DISCUSSION

This study selects road traffic accident statistical
data as basic data for road traffic accident recursive
forecasting in M province in china. The multi-level
recursive forecasting model including autoregression
item only and including autoregression item and
environmental factors is established respectively.

Long period accident forecasting: The road traffic
accident  multi-recursive  forecasting model is
established based on 1998-2007 accident death
statistical data in M province in china. 2008-2009 data
is used to test the validity of model. Data shows as
Table 1. Related factors show as Table 2 to 6.

Road traffic accident forecasting results show in
Table 7 based on multi-level recursive forecasting
method including auto regression item only. Table 8
shows the forecasting results based on multi-level

Year 1998 1999 2000 2001 2002 2003
Amount of motor
vehicle (ten thousand

vehicles) 572.17 688.16 784.29 822.28 916.53 1105.17
Amount of

automobile(ten

thousand vehicles) 90.04 98.14  112.30 133.50 150.569175.74
Amount of automobile

per capita(vehicles)  0.0102 0.0011 0.0125 0.0148 0.0166 0.0193

Year 2004 2005 2006 2007 2008 2009
Amount of motor
vehicle(ten thousand
vehicles)

Amount of
automobile(ten
thousand vehicles)
Amount of automobile
per capita(vehicles)

1154.351331.15 1498.68 1527.45 1578.011899.76

344.06 420.73 515.82 540.28 597.26 709.70

0.0375 0.0455 0.0554 0.0577 0.0634 0.0754

Table 6:1998-2009 highway passenger transport and highway freight

volume
Highway passenger Highway freight volume
Year transport (billion peoples)  (billion tons)
1998 4.65 6.47
1999 5.48 6.77
2000 6.15 7.68
2001 6.58 8.16
2002 6.99 8.97
2003 7.11 9.59
2004 8.43 10.69
2005 9.32 12.05
2006 10.33 13.68
2007 11.73 16.40
2008 20.59 20.66
2009 22.62 25.17
Table 7:Road traffic accident forecasting result and error
(autoregression)

Real deaths (ten Forecasting result Relative

Year thousand men)  (ten thousand men) error (%)
2008 0.503 0.539 7.16
2009 0.452 0.485 7.30
Average relati
ve error (%) 7.23
Table 8:Road traffic accident forecasting result and error
(environmental factors)

Real deaths(ten Forecasting result Relative
Year thousand men)  (ten thousand men) error (%)
2008 0.503 0.473 -6.03
2009 0.452 0.417 -7.79
Average relative
error (%) 6.91%

recursive forecasting method including auto regression
item and environmental factors.
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Table 9: 2008 road traffic accident deaths monthly

Month 1 2 3 4 5 6
Accident death toll

(thousand men) 0.392  0.381 0.358 0.389 0.367 0.341
Month 7 8 9 10 11 12

Accident death toll ~ 0.314
(thousand men)

0374 0.391 0403 0.598 0.718

Table 10: 2009 road traffic accident deaths monthly

Month 1 2 3 4 5 6

Accident death toll

(thousand men) 0.288 0.310 0.316 0.324 0.308 0.311

Month 7 8 9 10 11 12
Accident death toll
(thousand men) 0.343 0.391 0.371 0425 0.520 0.549

Accident death toll

(thousand men) 0.343 0.391 0.371 0425 0.520 0.549

Table 11:2008 highway passenger transport and highway freight
volume monthly

Month 1 2 3 4 5 6
Highway passenger

transport (billion peoples) 1.49 149 140 149 1.77 1.58
Highway freight

volume(billion tons) 144 144 1.61 1.52 152 1.69
Month 7 8 9 10 11 12
Highway passenger

transport (billion peoples) 1.68 1.68 1.86 196 1.77 242
Highway freight

volume(billion tons) 152 186 178 2.03 1.78 247

Table 12:2009 highway passenger transport and highway freight
volume monthly

Month 1 2 3 4 5 6
Highway passenger transport

(billion peoples) 1.87 1.87 1.87 1.87 1.68 1.78
Highway freight

volume(billion tons) 1.88 1.88 1.97 2.06 2.06 1.97
Month 7 8 9 10 11 12
Highway passenger transport

(billion peoples) 1.87 187 196 2.06 1.96 1.96
Highway freight

volume(billion tons) 2.15 233 224 233206 2.24

Table 13:Road traffic accident forecasting result and error
(autoregression)

Real death Forecasting result ~ Relative
Month(2009) (thousand men) (thousand men) error (%)
10 0.425 0.404 -4.94
11 0.520 0.493 -5.19
12 0.549 0.524 -4.55
Average relative
error(%) 4.89

Table 14:Road traffic accident forecasting result and error
(environmental factors)

Real death Forecasting result Relative
Month (2009) (thousand men) (thousand men) error (%)
10 0.425 0.400 -5.88
11 0.520 0.488 -6.15
12 0.549 0.519 -5.46
Average relative
error(%) 5.83

Short period accident forecasting: The road traffic
accident multi-level recursive forecasting model is

established based on 12 months in 2008 and initial 9
months in 2009 accident statistical data in M province
in china. Other 3 months in 2009 data is used to test the
validity of model. Data shows as Table 9 and 10.

Many factors impact traffic accident, but
determining their correlativity is difficult. At the same
time, the change of related factors monthly is less than
yearly, so we select highway passenger transport and
highway freight volume as environmental factors, such
as Table 11 and 12. Forecasting results is showed in
Table 13 and 14.

CONCLUSION

Because traffic forecasting is complex and
difficult, it is important to use suitable forecasting
method. It is necessary not only to analyze and know
the characteristic of road traffic accident but also to
analyze and study forecasting methods.

Beginning from the external features of traffic
system, this study look road traffic accident as a time
series to establish input-output model based on the
characteristic of multi-level recursive forecasting
method. By changing the forecasting period, the
forecasting results in years and months are acquired and
analyzed. By comparing forecasting results of long
period with short period in Table 15 and 16, we
conclude:

e  Whether auto regression multi-level recursive
forecasting model or including multi-level
recursive forecasting model environmental factors,
the road traffic accident forecasting accuracy in
short period is higher than in long period.

e From Table 15 and 16, the conclusion is obtained
that in short period road traffic accident
forecasting, forecasting accuracy on the auto
regression multi-level recursive forecasting model
is more high than on forecasting model including
environmental factors, but in long period road
traffic accident forecasting, forecasting accuracy
on the multi-level recursive forecasting model
including environmental factors is more high than
on the auto regression multi-level recursive
forecasting model. This indicates is must be
analized and researched whether multi-level
recursive forecasting model including
environmental factors is established or not in road
traffic accident forecasting.

e In road traffic accident forecasting that this study
carried, the adaptability of multi-level recursive
forecasting model in short period is stronger than
in long period.

4055



Res. J. Appl. Sci. Eng. Technol., 6(21): 4052-4057, 2013

Table 15: Road traffic accident forecasting result comparison first

Multi-level recursive (environmental factors)

Multi-level recursive (autoregression)

Real death Relative error
Year (thousand men)  Forecasting result(thousand men) Relative error (%) Forecasting result (thousand men) (%)
2008 0.503 0.473 -6.03 0.539 7.16
2009 0.452 0.417 -7.79 0.48 7.30
Average
relative
error (%) 6.91 7.23

Table 16: Road traffic accident forecasting result comparison second

Multi-level recursive (autoregression)

Multi-level recursive (environmental factors)

Real death Relative error Relative error
Month (thousand men) Forecasting result(thousand men) (%) Forecasting result(thousand men) (%)
10 0.425 0.404 -4.94 0.400 -5.88
11 0.520 0.493 -5.19 0.488 -6.15
12 0.549 0.524 -4.55 0.519 -5.46
Average relative
error (%) 4.89 5.83

Forecasting accuracy on the multi-level recursive
forecasting method is related to many factors such
as model orders, initial value, environmental
factors, characteristic of basic data used, etc.

REFERENCES
Bing, H., T. You-Hua and G. Zi-Zheng, 2005. Study on

the multi-level recursive method for traffic
accident. Commun. Standardizat., 47(11): 89-90.

El-Basyouny, K. and T. Sayed, 2009. Accident
prediction models with random corridor
parameters. Accident Anal. Prevent., 41(5):
1118-1123.

Guo, F., X.Y. Zhu and J.F. Wu, 2000. Multilevel
recursive nonstationary time series model for
predicting mine discharge. J. Naijing Univ., Nat.
Sci., 36(3): 300-304.

Guo, Y. and Q. Shi, 2009. Analysis and forecast of road
traffic accidents in macao base on multi-level
recursive model. Road Traffic Saf., 9(2): 20-24.

Hecht-Nielsen, R., 1989. Theory of the back-
propagation neural networks. Proceeding of the
International  Joint Conference on Neural
Networks. Washington, DC, USA, pp: 596-611.

Jian-Xi, Z. and Z. De-Yan, 2011. The dam deformation
forecasting of BP neural network and principal
component analysis. J. East China Inst. Technol.
Nat. Sci., 34(3): 288-292.

Ma, J., KM. Kockelman and P. Damien, 2008. A
multivariate poisson-lognormal regression model
for prediction of crash counts by severity: Using
Bayesian methods. Accident Anal. Prevent., 40:
964-975.

Mountain, L., B. Fawaz and D. Jarrett, 1996. Accident
prediction models for roads with minor junctions.
Accident Anal. Prev., 28(6): 695-707.

Ren-De, Y., L. Fang and S. Peng, 2008a. The prediction
of road traffic based on neural network. Math.
Pract. Theory, 38(6): 119-126.

Ren-De, Y., Z. Hong-Bin, L. Fang and S. Peng, 2008b.
The study on road accidents forecasting model
based on multi-level recursive method. Proceeding
of the World Congress on Engineering, pp: 881-
887.

Sayed, T., 2000. Applications of accident prediction
models. Proceeding of the Annual Conference
Abstracts Canadian Society for Civil Engineering,
pp: 112-114.

Shan, H., H. Cheng and S. Guo-Jie, 2008. Real-time
Short-Term Traffic Flow Forecasting Based on
Process Neural Network. Springer-Verlag, Berlin
Heidelberg, pp: 560-569.

Shuang-Zhong, Z., D. Ming-Zhen and W. Qiong, 2004.
Accident prediction based on multi-layer increase
by degrees. J. Liaoning Tech. Univ., 23(2):
262-264.

SooBeom, L., L. TaiSik and J.K. Hyung, 2005.
Development of Traffic Accidents Prediction
Model with Intelligent System Theory. Springer-
Verlag, Berlin, Heidelberg, pp: 880-888.

Tian-Tang, Y. and W. Zhen-Bo, 2003. Prediction of
slope displacements with multi-layer recursive
method. Rock Soil Mech., 24(3): 442-444.

Wang, S. and C. Jian-She, 2008. Accident prediction
model for tailings reservoir based on regression
analysis of SPSS. China Safety Sci. J., 18(12):
34-40.

4056



Res. J. Appl. Sci. Eng. Technol., 6(21): 4052-4057, 2013

Wen-Lin, Z., 2005. The operating application of
principal component analysis in SPSS. Mark. Res.,
12: 31-34.

Xiang-Yong, L., Z. Nan and J. Ge-Fu, 2003. Model for
forecasting road accidents. J. Highway Transport.
Res. Dev., 20(4): 98-104.

Xiang-Yong, L., T. Peng, Z. Nan and L. Jun-Ren, 2006.
Multi-level recursive forecasting method for road
accidents. J. Southw Est Jiaotong Univ., 41(1):
107-110.

Xiaokun, W. and M.K. Kara, 2007. Specification and
estimation of a spatially and temporally
autocorrelated seemingly unrelated regression
model: Application to crash rates in China.
Transportation, 34(3): 281-300.

Yan-Na, F., C. Xing-Wei and Y. Qing-Chun, 2008.
Application of multi-level recursive method in
forecasting inconsistent annual runoff series under
changing environment. J. Nat. Resour., 23(3):
528-533.

Zhang, X.D. and Z.G. Han, 2002. Analysis of an
improved approach for multi-degree prediction. J.
Harbin Inst. Technol., 34(3): 436-439.

Zhi-Gang, H., 2001. The progress of theory and
application of multi-level recursive method.
Control Decis., 16(2): 129-132.

4057



