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=1

DU (xttt, yt+1) = max 6
s.t.
hax ”1/1 <xt, i=1,..,m
= 1yt+1/1 > Hy”l ,r=1,..,8
1

A =20, =

D¢, (x5+1 yi+l) = max 6

St

Ga <t i=1,.
j 1y”/1 Oyttt , r=1,..,s
A =0, j=1,..,n

S dle Oles LS 5,0 4 cans Jle o glaesls Lol 5

<
=

S e oslinal 5 gladie

D3 (x6,y5) = max 6

S.t.

pH 1x,,/1 L i=1,..,m
j=1y‘r] /1] = 9ym , r=1,..,s
n=1/1]'= 1

/1] 20,j=1,...,n

t+1 t+1 t+1) —
DLFt(xb*t, yt) = max 6

s.t.
n L‘+1A L‘+1 T
i=1,..
j= Xio = 4
n +1 t+1 —
= 1yr /1 Yo, r=1,..,58
J=1/1] = 1

/1] 20,j=1,...,n
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D¢y (x5, y5) = min g

s.t.

Shaxiy =z xf,, i=1,..,m
VA S 0y, T=1,.,8

A =0, j=1,.,n

DY (xE, y8) = ming

s.t.
’]1 ”1/1 =>xf,i=1.,m
j= 1yr+1j' < QYT‘to' T_lr S

A =20, j=1,..,n

DEFL(xH, yE+1) = ming
s.t.

X ”1/1 >xt, i=1,..,m

71yr+1/1 < Hy”l, r=1,..,s
A =20, j=1
Di (xE, yit) = ming
s.t.

x4z xS, i=1,.,m
1y”/1] < By”l ,r=1,..,s

/1 =0, j=1,.

23 bdde 5l Oles 18 550 4 ol Lo slaesls
(Shen et al., 2010; Y. M. Wang & Y. ;i s eslisal
X. Lan, 2011)

Dyo (%5, Y5) = ming

s.t.

Z" XA = X, 0= 1, e, m
] 1.V7‘1/11 < 0y, T=1,..5
=1 A =1

A= 0, /=1 .m

DEFL(xt+1, y£+1) = min @

S.t.
5‘ x4z xSt i=1,.,m
. 1y”+1/1 <Oyt ,r=1,..,s
mo=1

A 20, j=1..,n
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(EFFCH) 5 )5 i
DSt (x6"y6*)

Déo(x6:¥5)

EFFCH, = ()

(TECHCH) &l,5t5 i

[ DL (5 D (xbye) 2
TECHCH, = [Dggl(xgﬂ'ygﬂ) DL (eh.8) \¢)
(PECH) _allt 5 bl ,uis -
_ D,%'l(xf,”,ygﬂ)
PECH, = = ¢ eyt (o)
(SECH) wlis o1 -
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EFFCH Dt (xt vt
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PINERYY
(TFPCH) JS d)}’]@‘. J.:.aj \._,u_jé—
_ _ DE(xEyEY) [ Dh(eE s DE(abys) 1M
MPlo = EFFCH, X TECHCH, = = 5 )™ |0 i) DE (xb ) v

Bl e (S590 e P
G el gl OT i (Sl (MPTpess) il 5 MPlop) a3 Sl 53 58 53 IS Soset i et 3l e
(Y.-M. Wang & Y.-X. Lan, 2011) aas . 0Lz |, MPD) ol IS (6550 40 s o
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Cla s Goses w22 oo Sln p3Y Slaesls (Pl Jos sladde = s Y i

ol DMUs | D99¢(x99,y99) | DI9v(X99,Y99) | DOOc(X99, Y99) | DOOC(x00,y00) | DOOV(X00, YOO) | DI9c(X00,Y00)
S O3 1 0.072 0.158 0.106 0.074 0.149 0.058
i Ol 3 2 0.159 0.223 0.258 0.126 0.225 0.072

Jes ) 3 0.482 0.482 0.78 0.577 0.577 0.481

Olgial 4 0.045 0.111 0.069 0.054 0.124 0.046

5, 5 0.728 1 0.852 0.726 1 0.621

L 6 1 1 2213 1 1 0.929

JrRye 7 0.415 0.441 0.549 0.473 0.522 0.404

e 8 0.072 0.091 0.084 0.085 0.105 0.073

ol s Jweslex| 9 0.582 0.582 0.941 0.808 1 0.5
e Ol 10 0.337 0.472 0.545 0.426 0.487 0.272
S Ol = 11 0.038 0.118 0.06 0.04 0.124 0.034
Sbed olul = 12 0.649 0.861 1.048 0.594 0.876 0.367

Oy s 13 0.077 0.127 0.135 0.087 0.142 0.074

Ol 14 0.591 1 0.728 0.61 1 0.496

Ol 15 0.39 0.509 0.834 0.567 0.586 0.299

Ol sl 5 Ol | 16 0.055 0.109 0.112 0.08 0.107 0.039

oo 17 0.031 0.088 0.045 0.033 0.091 0.028

N30 18 0.316 0.369 0.54 0.461 0.468 0.306

o 19 0.742 1 0.868 0.9 1 0.769
Slews S 20 0.383 0.507 0.619 0.52 1 0.322
Ol s 21 0.057 0.114 0.092 0.059 0.117 0.05
oliile S 22 0.151 0.271 0.243 0.217 0311 0.134
ol g s hSS | 23 1 1 1.46 0912 1 0.72
okls 24 0.408 0.54 0.659 0.331 0.339 0.283
S 25 0.13 0.208 0.21 0.163 0.233 0.114
Ol ) 26 0.182 0.258 0.231 0.213 0.3 0.182
Ol 27 0.122 0.194 0.157 0.133 0.216 0.114
S 28 0.136 0.217 0.281 0.197 0.229 0.123
O ,m 29 0.252 0.252 0.408 0.242 0.28 0.207
Olden 30 0.272 0.326 0.44 0.349 0.349 0.216
Sy 31 0.347 0.396 0.533 0.436 0.436 0.327
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Sl G508 22 e 1 3T Slaesls (g Jou gladde Jo s ¥ dadr

Sl DMUs | D99¢(x99,y99) | D99v(X99,Y99) | DOOc(X99, Y99) | D0OOC(x00,y00) | DOOV(X00, YOO) | DI9c(X00,Y00)
S Ol 3 1 2.288 1.786 2.528 2.022 1.625 1.661
i Ol 3 2 2.662 2.521 2.941 2.527 2.463 2.288

Jeasl 3 15.153 5.452 16.739 16.915 6.314 12.914

Olgil 4 1.000 1.000 0.985 1.000 1.000 0.930

5 5 17.783 4553 21.769 12.204 4.438 7.942

e 6 31.816 11.300 35.144 30.051 10.937 22371

JrRye 7 7.320 3.836 9.577 7.993 4.261 6.234

ol 8 1.000 1.000 1111 1.000 1.000 0.666

ol s Jweslex | 9 16.442 6.577 18.162 15.382 6.314 13.925
s Olal = 10 9.530 5.335 10.527 9.575 5322 8.668
S3o Olul & 11 1.046 1.000 1.115 1.000 1.000 0.706
Sl ol = 12 14.329 5.863 15.828 12.883 5.363 10.970

Ol 13 1.037 1.000 1.139 1.000 1.000 0.894
RIESS] 14 10.147 5.073 12.438 10.331 4.757 7.568
Olias 15 11.509 5.755 13.689 9.193 5.014 5.983
Ol sl 5 Ol | 16 1.438 1.237 1.684 1.381 1.172 1.060
ool 17 1.000 1.000 1.068 1.000 1.000 0.630
RSP 18 10.052 4171 11.104 10.772 4.584 9.377

o 19 9.525 4286 12.316 12.393 5.125 9.584

Obs S 20 7.259 3.462 8.018 6.582 3.253 5.959

ol s 21 1.123 1.081 1.183 1.079 1.000 0.916
oLl S 22 4.024 3.062 4.444 4.500 3.396 4,074

Aol s 5 4SS | 23 21.765 6.830 24.042 19.231 6.119 12,516

okls 24 10.696 3.688 11.815 9.719 3.534 6.326

OAS 25 3.786 2.350 4.182 4.022 2.553 3.641

Ol ) 26 5.175 2911 6.387 6.403 3.276 4.691

oLk 27 3.514 2.196 4272 3.062 2.366 1.993
SF~ 28 4318 2.452 4.673 4322 2.503 3.913

O ,m 29 2.846 2.575 3.104 2.646 2.355 2.450
Oldes 30 6.713 3.688 7.416 6.780 3.816 6.138

S 31 4.936 4243 5372 4.805 4.110 4.405

S Saa) eas ) ol 5l o S ps el 5 Ol
Il ol 3 Lokl s SIS 8 cpl iy 5 (Ul 15 LSt
e plde 4 eail (5 L Ve Jle s s s
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Sl 5 Sl 53 a5 IS Gose e o ls o sk 5 il oS SulE by 5 Al b DI g ml
i & Dl gl 5 0l w2zl 1V Y a5 51 o] 2L Ol Blas 51l b Sl s Lokl o 51
el s 03ls OLES § Jgd s Lokl s a4 o wlos A= 53 (D Ol o j2i)

ol

ol Sl s cas S r.\l.a B9 AR g dnlna @Lﬁ RAPREY

Q> <l
ol DMUs | EFFCH | TECHCH | PECH | SECH | TFPCH | EFFCH | TECHCH | PECH | SECH | TFPCH
5 Ol 1 1.033 | 0723 | 094 | 1.099 | 0.747 | 0.884 | 0863 | 0910 | 0971 | 0.673
s O3 2 | 0793 | 0593 | 1.009|0785| 047 | 0949 | 0905 | 0977 | 0972 | 0816
el 3 1197 | 0718 | 1.197 | 1 0859 | 1.116 | 0.831 | 1.158 | 0.964 | 1.036
Olgios! 4 1196 | 0749 | 1.118 | 1.069 | 0.896 | 1.000 | 0972 | 1.000 | 1.000 | 0.972
3A 5 | 0997 | 0855 1 |0997| 0852 | 0.68 | 0729 | 0975|0704 | 0343
£l 6 1 0.648 1 1 0.648 | 0945 | 0.821 | 0.968 | 0.976 | 0.732
gy 7 1.14 0804 | 1.184 | 0.962 | 0916 | 1.092 | 0772 | 1.111 | 0.983 | 0.921
Oy 8 1174 | 0855 | 1.156 | 1.016 | 1.004 | 1.000 | 0.774 | 1.000 | 1.000 | 0.774

obwse s dajle | 9 1.389 0.619 1.718 | 0.808 | 0.859 0.936 0.905 0.960 | 0.975 | 0.792

e Ol > 10 1.263 0.629 1.031 | 1.225 | 0.794 1.005 0.905 0.998 | 1.007 | 0.914
Spos Ol = 11 1.047 0.739 1.046 | 1.001 | 0.774 0.956 0.814 1.000 | 0.956 | 0.744
Sl olal = 12 0915 0.618 1.018 | 0.899 | 0.566 0.899 0.878 0.915 | 0.983 | 0.710
Ol 55 13 1.128 0.699 1.118 | 1.009 | 0.789 0.964 0.902 1.000 | 0.964 | 0.839
Ol 14 1.033 0.812 1 1.033 | 0.839 1.018 0.773 0.938 | 1.086 | 0.801
Ol 15 1.455 0.496 1.151 | 1.264 | 0.722 0.799 0.740 0.871 | 0.917 | 0.472

Ol 5l 5 Ol 16 1.448 0.493 0979 | 1.479 | 0.713 0.960 0.810 0.948 | 1.013 | 0.747

ol 17 1.059 0.775 1.033 | 1.025 | 0.821 1.000 0.768 1.000 | 1.000 | 0.768
R 18 1.46 0.623 1.268 | 1.152 | 0091 1.072 0.888 1.099 | 0.975 | 1.019
) 19 1.213 0.855 1 1.213 | 1.037 1.301 0.773 1.196 | 1.088 | 1.309
Ol S 20 1.359 0.619 1.973 | 0.689 | 0.841 0.907 0.905 0.940 | 0.965 | 0.744
Ol S 21 1.031 0.729 1.031 1 0.751 0.960 0.898 0.925 | 1.038 | 0.828
oLl S 22 1.444 0.619 1.146 | 1.26 | 0.893 1.118 0.905 1.109 | 1.008 | 1.133
Lol g 4-1}11-<@5 23 0.912 0.735 1 0912 | 0.671 0.884 0.768 0.896 | 0.986 | 0.599
okl 24 0.81 0.727 0.627 | 1.292 | 0.589 0.909 0.768 0.958 | 0.948 | 0.634
OIS 25 1.257 0.658 1.123 | 1.12 | 0.828 1.062 0.905 1.087 | 0.978 | 1.022
ok} 26 1.172 0.82 1.163 | 1.008 | 0.961 1.237 0.770 1.125 | 1.099 | 1.179
Ol sk 27 1.092 0.814 1.113 | 0.981 | 0.889 0.871 0.732 1.077 | 0.809 | 0.556
3% 28 1.449 0.55 1.055 | 1.374 | 0.797 1.001 0.915 1.021 | 0.981 | 0.916
O 50,0 29 0.958 0.727 1.111 | 0.862 | 0.697 0.929 0.922 0915 | 1.016 | 0.796
Olden 30 1.283 0.619 1.069 1.2 0.794 1.010 0.905 1.035 | 0.976 | 0.923
£ 31 1.256 0.699 1.103 | 1.139 | 0.878 0.973 0.918 0.969 | 1.005 | 0.870
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oalr sl )3 (500 4 Ul Sl p Ol SO gy gl 0 Jguer

Sl MPl, | MPl, | MPI | <28l Ol MPlo | MPI, | MPI | <8l
S obelysl | 0747 | 0673 | 0709 | 23 oo 0.821 | 0.768 | 0.794 | 17
A olmbdl | 0470 | 0.816 | 0.619 | 28 P 0.910 | 1.019 | 0.963 4
Je 0.859 | 1.036 | 0.943 5 e 1.037 | 1.309 | 1.165 1
Ol 0.896 | 0.972 | 0.933 6 Slws S 0.841 | 0.744 | 0.791 18
54 0.852 | 0.343 | 0541 | 31 ol S 0.751 | 0.828 | 0.789 | 19
el 0.648 | 0732 | 0.689 | 25 oLl S 0.893 | 1.133 | 1.006 3
St 0916 | 0.921 | 0.918 8 Aol 30 5 W8S | 0.671 | 0599 | 0.634 | 26
ol,e 1.004 | 0.774 | 0.881 9 okl 0.589 | 0.634 | 0611 | 29
ol s Jesle | 0.859 | 0.792 | 0.825 14 S 0.828 | 1.022 | 0.920 7
g Olal > 0.794 | 0914 | 0852 | 13 ol 0.961 | 1.179 | 1.065 2
Sy, Ol = 0774 | 0744 | 0759 | 20 RN 0.889 | 0.556 | 0.703 | 24
Sles olal = 0.566 | 0.710 | 0.634 | 27 S5 0.797 | 0916 | 0.855 | 12
Ol 0789 | 0.839 | 0.814 | 16 RILEVINN 0.697 | 0.796 | 0.745 | 21
ol 0.839 | 0.801 | 0.820 | 15 Oldes 0.794 | 0923 | 0856 | 11
Ol 0722 | 0472 | 0584 | 30 55 0.878 | 0.870 | 0.874 | 10

Ol 5 5 Sl | 0.713 | 0.747 | 0.730 22
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ABSTRACT

In recent years, unfortunately, the number of road accidents and the resulting fatalities have
shown agrowing trend in many countries, especially in non-devel oped countries. In Iran, during
the recent decade from March 20th, 2012, to March 20th, 2022, a total of 110,110 fatalities
caused by road accidents have been reported. Regardless of any kind of justification or
comparison, it is avery alarming figure for this country. Considering the need to address this
issue, our study aims to assess the relative efficiency and road safety productivity in each
province during the past two years (2020-2022) and prioritize the provinces. To these ends, we
applied the DEA-based Malmquist indices with a double frontier approach. Based on the
results, the provinces of Qom, Lorestan, Kermanshah, Qazvin, and Ardabil were respectively
thetop five provincesin terms of road safety efficiency, while Alborz, Semnan, Golestan, West
Azerbaijan, and North Khorasan had the lowest efficiency. Besides, aggregating the results of
both pessimistic and optimistic approaches indicated that the provinces of Kurdistan,
Chaharmahal and Bakhtiari, Qazvin, Ardabil and Bushehr had the highest increase in the Pure
Technical Efficiency (PTE) in 2022 compared to 2021, and the provinces of Golestan, East
Azerbaijan, Kohgiluyeh and Boyer Ahmad, Sistan and Baluchistan, and North Khorasan had
the highest decrease. Such results can be used by relevant managers/policymakers for optimal
resource allocation toward preventing deaths caused by road accidents.

Keywords: Road Safety, Iranian Provinces, Data Envelopment Analysis, Malmquist, Double
Frontier
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