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L) G dde Olasein XY J i

J)l BE ol :J.
Model Fit statisti Ljung-B 18
Model Num‘per of oce’ 11 stalistics — Jung-Box Q( - Number of Outliers
Predictors R-squared Statistics DF Sig.
ACC-Model 2 0 .895 34.235 16 .005 0
Death-Model 3 0 .845 29.643 16 .020
Injury-Model 4 .876 24.875 16 .044
(EAEE
Model Fit statisti Ljung-B 18
Model Num‘per of oce’ Tl stalistics — Jung-Box Q( - Number of Outliers
Predictors R-squared Statistics DF Sig.
ACC-Model 2 0 .898 41.059 16 .001 0
Death-Model 3 0 .846 43.330 16 .000 0
Injury-Model 4 0 .890 28.472 16 .028 0
(St aiicl
Number of Model Fit statistics Ljun -Box Q(18) Number of
Model . — - :
Predictors R-squared Statistics DF Sig. Outliers
ACC-Model 2 0 789 24.075 16 .048 0
Death-Model 3 0 747 22.002 16 .043 0
Injury-Model 4 0 .844 22.723 16 021 0
poler s 3
Number of Model Fit statistics Ljun -Box Q(lg) Number of
Model . . - .
Predictors R-squared Statistics DF Sig. Outliers
ACC-Model 2 0 .834 24.336 15 .050 0
Death-Model 3 0 .865 32.966 16 .007 0
Injury-Model 4 0 901 20.973 15 .038 0
ol wau&g ﬂb‘&a -y
Mb&dbbcwwﬂd#ﬁ;u‘\”d}_)}.
SU) S gty dbe ¥ dp
J_}. Bl ;dl
Model Apr 2016 May 2016 Jun 2016 Jul 2016 Aug 2016
Forecast 2.14 3.14 2.64 2.14 4.64
ACC-Model 2 UCL 4.97 5.99 5.50 5.02 7.53
LCL -70 .29 -23 -74 1.75
Forecast 92 42 1.92 1.92 1.42
Death-Model 3 UCL 2.70 2.20 3.71 3.72 323
LCL -.86 -1.37 12 11 -39
Forecast 2.82 2.82 2.32 2.82 8.32
Injury-Model 4 UCL 8.10 8.13 7.66 8.18 13.71
LCL -2.46 -2.48 -3.01 -2.54 2.94
po° o7
Model Apr 2016 May 2016 Jun 2016 Jul 2016 Aug 2016
Forecast 5.58 2.58 5.08 3.58 3.08
ACC-Model 2 UCL 8.86 5.88 8.40 6.91 6.43
LCL 2.30 =72 1.76 25 -27
Forecast .49 1.99 1.49 .99 -.01
Death-Model 3 UCL 1.57 3.08 2.58 2.09 1.09
LCL -.59 .90 40 -11 -1.11
Forecast 7.77 2.77 577 4.27 3.77
Injury-Model 4 UCL 13.96 8.99 12.02 10.55 10.08
LCL 1.58 -3.45 -48 -2.01 -2.54
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Bt aditlicl
Model Apr 2016 May 2016 Jun 2016 Jul 2016 Aug 2016
Forecast 7.84 2.34 3.84 5.34 2.84
ACC-Model 2 UCL 11.53 6.03 7.53 9.03 6.53
LCL 4.15 -1.35 15 1.65 -.85
Forecast 1.50 .50 1.00 .50 .50
Death-Model 3 UCL 2.36 1.71 2.48 221 2.41
LCL .64 =71 -48 -1.21 -1.41
Forecast 13.86 3.36 7.36 8.36 4.86
Injury-Model 4 UCL 22.59 12.14 16.18 17.22 13.77
LCL 5.13 -5.41 -1.46 -.50 -4.04
poler s s
Model Apr 2016 May 2016 Jun 2016 Jul 2016 Aug 2016
Forecast 2.83 1.23 2.13 -47 94
ACC-Model 2 UCL 5.32 3.83 4.95 2.71 4.60
LCL .34 -1.36 -.68 -3.64 -2.73
Forecast 1.01 .01 .01 .01 .01
Death-Model 3 UCL 2.03 1.04 1.04 1.05 1.05
LCL -.01 -1.02 -1.02 -1.03 -1.03
Forecast 2.35 -1.15 1.35 -3.15 -1.65
Injury-Model 4 UCL 8.98 5.48 7.99 3.49 4.99
LCL -4.29 -7.79 -5.29 -9.80 -8.30

"4 U‘L"Jﬂﬁj ‘;a.gb ﬁ:\.s.a Ly, Jde —0-¥

.(.Lwa'A:JUa.cJ))a))mMLSLM):fﬁj&ﬂ‘bbéwé\ﬁﬁ&ﬁjﬁ\jvﬁjj JJﬂrAiJgé

J}l BE el (Jl
[ e T 1 e
=] z — - E [ |z ==
Pai w &= - =
5 N \/‘\V E ‘: \l./\\ g
] - = o . : | =
f = = 2 | a5 =3
o] | £ - L . , E
; \ £ i
ol ) L =
] = =
_ M : \_IE
L W Cre (== . =
. . i — (s
EEECFRERRRLE . Z
EoFEyu¥susgy §e LET]
FEEgE £8 Saa

e v
=—roecmt
] [

R . [
i
E 1o 2oy
I
s
Humbar
ELEE
i
1
|
TepopTW

: — — H o
I : 4 .
| ] : | z = ! A E
, \ H ' rjr\ “
) L .
. i o ) ]
=1 il 3
i : - :
£ T Y .
' ks LY - ! v &
S AERERTaraNaRTECE RN RNddanEE]
dudByudunurydy Rl ad ey ¥y
Datw

9 SP Olslal sla e e g Al Ny, Jae b ISS

Y4



AR XA )L@_j‘\/f. c)l.q.;: nd)\c)jé EM JL.n ng}i}wub&}khﬁbuw

Sl 5 OBl Ol p s J S lacmyss Sl -

(02335 o= b 5 030) b b gz g0 glaeols 5 Jubo aculie £ Jgulr

rJl Time Series
sls B e LS TSYSUN BT A s el ey f
1 ¢ \ 2 ¢ 0 Y ¥ ¥ Y \ s
0 1 Y s ¥ ¥ ¢ 0 ¥ ! Y e
0 v . \z ¥ ¥ 0 ¢ Y A ¥ |
\ . \ i ¥ \ . Y \ ¥ £ e g
W W ¢ " Y WY " ' q 14 . )
VY Voo Y4y, \YY/. W, é‘,
q07.
. . . . . \ Y Y . \ -
\ \ . \ \ Y Y e
) | . | ) | | A Yose | 3
~ ~ : ~ : : ~ ~ ~ R S
Y Y . . . Y ¢ ¢ v ¢ i §
Vel ovl Vi v v %,
Y&l
Y A \ \Y v A Y Y ¥ ¥ \ e
Y q s 1 0 ¢ ¢ ! ¥ A Y e
A A . 1 4 4 A v Y V¢ Y e 3
Y . \ ¥ ¥ . . \ . Y t e 2\
¥4 Yo 0 2% Y. W \o " 4 \ s‘ \
WAL vl 1/ Yool Vi, N
VYA

oalS 5 Olamis —asile Hpome 355 o0 adid 3500
el 42210 g K

o DLl glaesls 4 by e Sote Dk G Rt
VA Sa) G Jde i 4 S Sl ol L o
Gl U L ) &8 e e OLES |y 2alS ds s
sl b o 5 LS e lislas jo Lac)ss
— e 5 LTk = 5 e & by S0 2t
23 5ok o g Db 4 emie Sl aS ex g Ol
e A bl T syl g e = T gl e
B ST cpl s il alS A s WY 5w s 00
Olpe b i oo 28, Yo LS ol (il a5
O3 313 a5 55 53 5 edd maS ss (IS
Ole (S ¢Sl sla i (Sl L Olajes (28
Al edss jals

(= Dbslal 53 e sdme slUaS Ol e 35 0 3

YA Q\ﬂ@f}ﬁﬁlﬁ‘,\ﬁu EJTEJ:;}.ZAJQ J‘g"ﬁ

VYo

Sles G S J.u;cjb Jle laesls anslia s
W ol 5 b

SlAsS g pme 3 Lo J S ey gl 2 b
b b a5 BBl Sty Jhals sl
oo cpsys b o3 bapmssn oG andl sls 2als aw s 0
3Ll Olppe 5l Aoy Y 0U oS Eol 503y pSetr
23 55 G Sslas OF 5l ledes Jio oS 45 S
PSS

el s clslas g s VY adasdle |6 als-
wkuptjpoujdﬂuouﬁ) obo 4 Ol 5 0
S ol Eel g ol Lol [Kos 51 cogline oS sl
&S Ty Al e ol s Slislas

Syt g Jool amd ) by gmee oy b dlad axiSU-
s 3T0s = 52 15 s on > Dloslias Oljn 4 S8
—3g iy 53 S wwdls Ll e e Je w

=S o 3 g 1y a8 5 Jals Ol Olea 4 4l



AR )L@_j‘\/f. c)l.q.;: nd)\c)jé EM JL.n ng}i}wub&}khﬁbuw

G5 Il s (e S sl A3 T4 5 dwys W B UL
sl Bl S~k e g sl e LB Ol w0
g OB oS ola S 255 B s S el Ol s
Cussdios Jlasl cpl ik LT s J 28 gla
OBl 5, 53 1y s il 5 e 36 0ley s e
sl 423138 gl
sl 3 e s Slos (5 o bl Sl a5k
Slaosls ae gazme 55 Ol 51 S Ol ge 4 aesls cd
Ols 3l s Olgs w1y Lm\;‘utwau@j@?
aS a8 s edd (65l e glasls 4o germe 5
Ll S0 e Do e sladie @ s
bl sla 558 Ao N0 Sl g s Ll s
Sl Gob s o3 St 05 slaeslr @ b e
AL g Co o sl 5 Cs e J 28 b § g0
Sl 1 s e ialS 1) LS e cbislas 51 s o
Fes S 5,y S Olpe 4 Lo Caagie Jlasl
S alS edle a8 Col e S sl (6l
L3 ol b Ol Jsb Wil o clislias Olsn 5 Jane g0
Loy sdoms dad o8 de Ll pslds Ly 5 )58
,auf)nﬁou;u@u,uﬂ);uugﬁw
Vb s b als plsse b bie ke W) iaees
So G J,S la sy 48 A e UL (O
oS e 5 DAL sl ialS gl ezl adstle

D dal gt 5 5lS 5s (glesl

d)‘jﬁ.ﬂ\?« -0
Al eSS sl OLL Sl sy e le ol dlie
Glaimiss B Glamlin )" Olpe b Jsl oK
S ooy SeaS a boslr syl )3 S il 08
e olysl30 (6350 andlbe) ogine ee iS5 Sl
o 4_‘»|_)| r).} aJ_'»_)li.'» u‘ll—"""'hl) L S Ju.:JLJdA "g_)bu_)*
Shddls oY s o s | VIV P RV
Olu 3T a0kl oy sy o)1l Glacsaslos 5 (5, 1Sen
Obl 3T olisl Sl 5 pleialy ks sl b Ol

oslal oy tome Jgte el ol 5 S, Ol (35

7Y

e e S
e gl by (o glaesls (L1581 Ol
O e 31 0l o 45 A3l oo Ol s — wiln 5 5LTOkeny
spd et e i po & il Sl pl b S
Lo g (kS T s loslr LS e Slbslas ds s VO
odledl i 0L el o 5l a8 4SSl an
NS sl

Pl sl 65 63550 lags Sty 5 el W) oy -
ol s S edalis oA d s (o yases 5 0355 Conl
RO e NoS S Ev RV P S P IR PRIV L YOS
e 3 ol S sl sl S 03 S pxe pl s
Jlo e 53 Sl 55 bl s Ol 20 sldas alS
bl e gdeas sldas s YA s s iul53l dals
b 0L g2e alas ¢ Jlie J3 el g fhn Jde 4 S
Al ) gl VKt ials lesls Sl
S | Ch_.w 4S 355 e odaline a5 ol
Fohe 55 S 5038 Iy SRl (58t ) pon
el e 2al8) S o iy 2500 D LT s
(o G5 5l S

a3 Slosls 8l i BB oS 6 K eSS
[EU-E 6}_<.H)brj_>cﬁ ole 5 Olze, ol ile ol
AL e

by VL L aS sl 0L 55 1 S opl baasls sy
seld ;58 s S b Ol et o
B S Gl sl i 51 L Oleses Lo st
AN S S gla gy Cute

S S 4 4
Jlo 53 i 8168 513 0L agsy ol 1 Jols s
LS Slslal sl ) yoee 3 ey 3 sl !
Oyt G o p b I el 4l (¢ Sair
el K5 e b 50 &S s e opl e g
Sz Slasyo g olas ol sy b Jle Olge 4 aiL
339) 0L L 81 b 5 b Jlo s b oy
sl (sl Slol bl ol (65308 (S35 95 DY cr v

Mnb@&\ﬁ) S e J‘ML‘}M}Q[T}}‘A



Ve Y )L@_j‘\/i c)l.q.ir nd)‘c)jé EM JL.u n‘}.&}g}.@}ub&jﬁ&ﬁbuw

-Jaarsma, R., Louwerse, R., Dijkstra, A., de
Vries, J., & Spaas ,J. P., (2011), "Making
minor rural road networks safer: The effects
of 60 km/h-zones", Accident Analysis &
Prevention, 43(4), pp.1508-1515.

-Job, RF Soames, (1765), "Evaluations of
Speed Camera Interventions Can Deliver a
Wide Range of Outcomes: Causes and Policy
Implications", Sustainability 14,  No. 3
(2022).

-Kumar, K., Parida, M., & Katiyar, V. K.
(2015), "Short term traffic flow prediction in

heterogeneous condition using artificial
neural network", Transport, 30(4),
pp.397-405.

-Li, H., Graham, D. J., & Majumdar, A.,
(2013), "The impacts of speed cameras on
road accidents: An application of propensity
score matching methods", Accident Analysis
& Prevention, 60, pp.148-157.

-Li, H., Zhang, Y., & Ren, G., (2020), "A
causal analysis of time-varying speed camera
safety effects based on the propensity score
method", Journal of Safety Research.

-Li, S., Jiao, B., Zafari, Z., & Muennig, P.,
(2019), "Optimising the cost-effectiveness of
speed limit enforcement cameras", Injury
Prevention, 25(4), pp.273-277.

-Nilsson, G., (2004), "Traffic safety
dimensions and the power model to describe
the effect of speed on safety, University.
-Pérez, K., Mari-Dell’Olmo, M., Tobias, A.,
& Borrell, C., (2007), "Reducing road traffic
injuries: effectiveness of speed cameras in an
urban setting”", American journal of public
health, 97(9), pp.1632-1637.
-Pineda-Jaramillo, Juan, Humberto Barrera-
Jiménez, and Rodrigo Mesa-Arango.
"Unveiling the relevance of traffic
enforcement cameras on the severity of
vehicle—pedestrian collisions in an urban
environment  with  machine  learning
models", Journal of safety research 81
(2022), pp.225-238.

-Rahimi, A. M., Taghizadeh, V., & Navid, A.
(2019), "Investigation and comparison of
speed camera types and their effects on
suburban roads on reducing road accidents
and casualties", Paper presented at the 6th
National Conference on Applied Research in
Civil Engineering,Architecture and Urban
Management. [in persian]

-Retting, R. A., Kyrychenko, S. Y., &
McCartt, A. T., (2008), "Evaluation of
automated speed enforcement on Loop 101

\YY

Ol Sy 5 plesaly s S5 Kby 5 el
5 s (b OIS e (JASL BT Sl (3,0 Ol 3T
Sos G2 lS Sl s J s sl Pdame (il
Ji s Jem 5 ulaly Olosle 5 3,5 Olaml 3l el
Copds ol e 3,5 OlmldT oliad (glosl-
Sl 5 i Sl edige Ol Ol slal proe

Ml

— ) e sl ) e Oy = 5,5 ol ST s
—ale 5 wlemsgria o riaall Oley bl Ol

Al e (Ol
AYAE (55 4l AT Iyl b o5 4 el sladl-

@-l o=V
-Abdel-Aty, M. A., & Abdelwahab, H. T.
(2000), "Exploring the relationship between
alcohol and the driver characteristics in
motor vehicle accidents", Accident Analysis
& Prevention, 32(4), pp.473-482.
-Abdolahi, R., Haghshenas, H., &
Rikhtehgaran, R., (2019), "Modeling of the
Impact of Geometric Design, Topography
and Road Access in Rural Road Accidents by
Factor Analysis and Generalized Linear
Regression (Case Study: Ways of Kerman
Province)".
-Ahadi, M., Hassanpour, M., Bashiri, P., &
Bashiri, P., (2017), "Strategies to promote
safety to prevent pedestrian accidents in the
city of Qazvin", Irtiga-yi Tmini va pishgirt az
masdiimiyat/ha (ie, Safety Promotion and
Injury Prevention), 4(3), pp.143-150.
-Box, G. E., Jenkins, G. M., Reinsel, G. C.,
& Ljung, G. M., (2015), "Time series
analysis: forecasting and control: John Wiley
& Sons".
-Esfahani, M. A., Rahimi, A. M., & Saeidi,
S., (2019), "Identification and Prioritization
of Effective Parameters in Injury-Causing
Accidents at Four-Lane Intersections (Case
study: Isfahan City)", Journal of Safety
Promotion and Injury Prevention, 7(2).
-Graham, D. J., Naik, C., McCoy, E. J., & Li,
H., (2019), "Do speed cameras reduce road
traffic  collisions?" PLoS one, 14(9),
€0221267 .



AR )L@_j‘\/i c)l.q.ir nd)‘c)jé EM JL.u n‘}.&}g}.@}ub&jk&ﬁbuw

-Vahabzadeh, E., (1387), "Role of human
factors on driving accident of
Karaj-Ghazvine  highway inl1384 and
preventive approaches", Journal of traffic
managements, 3(8), pp.57-84.

-WHO, (2010), "Eastern Mediterranean
status report on road safety: call for action:
World Health Organization".

-WHO, (2018), "Global status report on road
safety 2018".

\YY

freeway in Scottsdale, Arizona, Accident
Analysis & Prevention, 40(4), pp.1506-1512.
-Soriguera, F., Martinez, 1., Sala, M., &
Menéndez, M., (2017), "Effects of low speed
limits on freeway traffic flow, Transportation
Research Part C: Emerging Technologies, 77,
pp-257-274.

-Srivastava, G. N., (2017), "Exploring New
Services for Effective Service Delivery: The
Case of Public Transportation".

-Transport, E. C. 0. M. 0., & Centre, O. E. T.
R., (2006), "Speed management: OECD
Publishing."



Investigation of Speed Cameras’ Effects on Road Network
Safety by Using Time Series

(Case Study: Tabriz - Zanjan Freeway)

Vahid Taghizadeh, MSc. Grad., Department of Civil Engineering - Highway and Transportation
Engineering, Faculty of Engineering, University of Zanjan, Zanjan, Iran.

Amir Masoud Rahimi, Associate Professor, Department of Civil Engineering, Faculty of Engineering,
University of Zanjan, Zanjan, Iran.

Navid Afkar, Ph.D. Student, Department of Civil Engineering - Highway and Transportation
Engineering, Faculty of Engineering, University of Zanjan, Zanjan, Iran.

E-mail: amrahimi@znu.ac.ir

Received: September 2022- Accepted: February 2023

ABSTRACT

Traffic safety issues due to speed increase accompanied by the rapid development of freeway
and highway systems have increased the concern of the people and transportation
policymakers. Speed limitation, as one of the most common safety measures, plays a unique
role in protecting passenger safety. Thus, studying the traffic control effect by applying the
speed limit on roads (especially freeways and highways) is scientifically significant to ensure
passenger safety and functional performance. In this paper, the time series method predicted
road accidents on Tabriz-Zanjan freeway in the design year (presence date of the speed
cameras). Then by comparing the anticipated results with the actual data, the impact of speed
cameras on this road has been investigated. Before the modeling process, Excel software
performed data collection, recording, framing, and normalization operations, and IBM SPSS
software was used to construct the time series model. After comparing the design year's data
and examining the impact of cameras on this freeway, the number of fatal accidents decreased
by 76%. The effect of speed cameras in reducing the number of crashes was negligible by 5%,
and it did not have a positive impact on the number of injuries, and injuries increased by 38%
this year. By investigating available data from base year until horizon year, it was observed
that upgrading road safety has been possible by adding appropriate designs, and the speed
cameras on this route have had acceptable performance. All three parameters (the number of
crashes, deceases, and injuries) have decreased.
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TRJ
No.74
134



