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ABSTRACT: Achieving the lowest emission rate of urban air pollutants, requires an effective
management of mobile air polluting sources. To address this type of management, not only high quality
vehicles should be recruited but also the quality of transportation such as amount, slope, and traffic
patterns (i.e., steady vs. interrupted flow) should be considered. Therefore, a number of methods are
emerged to control the steadiness of traffic flow through traffic network instruments such as traftic lights
or ramp metering schemes. In this study, attempts have been made to model a steady traftic flow on the

Sadr Overpass to mitigate the least air pollutants production Modeling the optimized traffic volume  Keywords:

entering and leaving the ramps whilst maintaining an acceptable service level using a mathematical Air Pollution
linear programming technique is presented. Furthermore, a simulation has been conducted using an . .
. . N . mobile source Emissions
IVE model to estimate the amount of emissions. The results indicate that temporary closure of ramps in

the east-west direction could lead to a steady flowrate on the overpass which decreases the amount of Traffic optimization model Linear

Programming

CO and NOx by %54 and %25, respectively. Similarly, in the West-East direction, deploying a cyclic

monitoring of traffic flow in the ramp discharging into Modarres Expressway, results in reduction of CO  Transportation Demand

and NOX by %42 and %41, respectively.

Management

1. INTRODUCTION

Imposing efficient transportation demand management
policies in cities leads to significant effects in un-
interrupted traffic flow and air pollution. As an example, by
restricting the accesses to Sadr Overpass, as one of the most
congested highways in the city of Tehran, can reduce traffic
pollutant emissions. Studies in this case show the effect of
optimizing stability components of traffic and its patterns
in air pollution reduction. For example, in 2018 a study has
been conducted to investigate the effects of different ramp
metering strategies in air pollutant emissions[1]. In another
study a system dynamics model has been used in order
to describe the effect of potential TDM policies on long-
term environmental costs to the city of Mashhad[2]. In a
different study the effect of pricing policy in air pollutant
emissions in central area of Tehran is investigated[3]. In
2018 behavior of motorcyclists toward cordon pricing
and increasing fuel price policy were investigated in the
Central Business District (CBD) of Tehran[4]. Although
many recent studies aim at TDM policies effects on air
pollution, rare researches have studied optimizing traffic
flow parameters to reduce air pollution emissions by TDM
policies. Therefore, in this study optimized traffic flow that
*Corresponding author’s email: shafiepour@ut.ac.ir
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leads to minimum air pollutant emissions in both west to
east and east to west of Sadr overpass is modeled with linear
programming method'.

2. METHODOLOGY

Entrance and exit ramps of the Sadr overpass have limit
of access in some hours of day. Therefore, specific flowrate
as a result of traffic demand policies leads to specific vehicle
emission rate that is estimated by IVE> model. In order to
impose TDM policies from an environmental prospective,
an optimized traffic model with air pollution reduction
approach is developed by a linear programing(LP) method
in both sides of Sadr overpass. In this mathematical model
flowrate is obtained by different parameters such as
maximum allowed speed, level of service and number of
lanes in a highway graphed in HCM-2010([5]. The linear
programming equations for ramps of Sadr overpass is
shown in expressions 1 to 6. These are main equations
that are established in a highway with multiple entrance
and exit ramps that ensures maintenance of steady traffic
flow pattern[6]. The equations are solved with simplex
method.

''LP
2 International Vehicle Emission
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Fig. 1. Schematic view of the multiple ramps of a highway

Table 1. Comparison of flow rate in mathematical linear Model
and current flow rate

Direction Current flow Flow rate
rate(veh/hr) obtained by
LP(veh/hr)
East to West 4890 3900
West to East 3490 2795

3. DISCUSSION OF RESULTS

By using the capacity of ramps as maximum demand rates,
the results of linear programming equations in peak hours
represent optimized traffic flowrate of the Sadr overpass.
Table.1 shows the optimized flowrate obtained by LP for
both directions of the Sadr overpass in comparison with its
flowrate under normal circumstances.

The results of LP equations for entrance ramp of Kaveh
Boulevard is obtained zero, which means closure of it in the
peak hours can lead to a steady traffic flowrate as well as the
lowest air pollutant emissions. The results showed that CO
emission is reduced by %54 in this case.

In West to East direction, results showed that the traffic
flowrate entered via Modarres Highway should decrease from
692 Vehicle/hr to 478 Vehicle/hr by ramp metering schedules
in order to keep steady traffic condition all over the overpass.

642

Table 2. results of emission rates using IVE model in east to west
direction

East to West | Emission rates of criteria pollutants

(kg/hr)

PM | SOx | NOx | VOC | CO

Results 0.13 | 0.72 0.15 0.23 | 154.99
obtained by
LP

Resultsof | 0.21 | 1.082 | 27.36 | 8.01 | 337.58
modeling
current

situation

Difference 43 33 25 31 54
value of

emission

Table 3. Results of emission rates using IVE model in West to
East direction

West to East | Emission rates of criteria pollutants

(kg/hr)

PM | SO« | NO, | VOC | CO

Results 0.09 | 0.39 | 10.56 | 3.43 | 114.03
obtained by
LP

Results of 0.14 | 0.69 | 17.94 | 6.04 | 197.95
modeling
current

situation

Difference 35 43 41 43 42
value of

emission
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The results further showed that CO emissions in this case
can be reduced by %42. The potential lowest emission rate of
pollutants in both East to West and West to East direction of
Sadr overpass is shown in Table 3.

4. CONCLUSION

The purpose of this study is to minimize the emission
rate of air pollutants released by the passed traffic flow on the
Sadr overpass of Tehran. The results of this study showed that
in order to reach the lowest amount of air pollutant emission
from petrol vehicles in East to West direction of the overpass,
imposing TDM policies can be effective by restricting Kaveh
Boulevard in morning peak hour meanwhile the level of service
and the maximum efficiency is optimized. Also, in West to East
direction, imposing a specific ramp metering to the entrance
flowrate from Modarres Highway could lead to a steady traffic
condition on the overpass. In such case PM emissions is
decreased by %35 and CO pollutant by %42 as well.
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Fig 3. fleet combination of Sadr Overpass

5 8399 sbeaslced suss 5l (b Glye @) 6299 Obx
Grb by kel Ol @ ol Cosal Guizen 5 (295
b gleoan¥l sl ilodae caz old A2 < &
e b2 5 699,9 slrdnl el Casload Ol o
U NCHIRUN IE JE JEPPUR et SN
3 e SBI5 e gl )l ol es g ekt Slels
b bz b sgy o Lol co pow slacalew Jlos! (gazs
IRl b (S5 Candg y 905 &5 51 S5 Laoss VT il e
iy 90y (G097 5 Sl Camdy g 05 (g5leJoe IVE
)95 ddhaie cwain 5 (S5 byl oy p bae by o
31005 e gyl Slidey 4 az )0 g ead (g3l os
Sy Casloads i loy, lag o> oo 5 3l Lob Lacl yrals Jlais
2l Srytabn Joe 5l oo b )0 dge 935 Soxdy o)
o9y 5l eslaiwl b jae s jo 005 sl Jaw o eolawl e
Sle o sl IS 08 s 5 ol 5505, K2 85 Sl
S o)l Jae ol gy cnl yo el o el (o (g ael
Ll ooz 9, 2 o2k Jole 6 S e 9 99800 oo
Hlacsl ez Jow g (gilwaige Joo Gl anlsl (o .[Y’]bé;sa

Cawloads o

lso (Sogll (rals o505, b ooy (23 (silwategy JaeY-)
sl cuS 5 A alied Cqz 35 G Joe b
s 9 oollae Cwsd mhaw 5 a5 )5 S 4 6999 e
355 ez Cwwloads plodil 0o 5 51 LU el i o S 4
Sezy Jedo 4y caslllas 390 yne 95 12 10 jao )0 bagyoes

6ol Comal sk 50 daxie (>9y5 5 (5995 lednl e



P K abio 5l gy900 9 I o 31 (63959 4l Joluwg i ¥ J9ur X X Xs Xy
PRV NPV Pe g veees / i/i/i
Table 2. Share of traffic entering J passage and passing k i e S pa ¥ o g
section in East to West direction of Sadr Overpass ': - - = = 4 = — = = X a=
J A;
4 o f Al Y V abia ¥ alais ¥ abie f alais
) \ \ ) \ ) K ) ‘ . . ’ .
\ \ \ \ . IR o Jy 0o 4 325 0,5 Silads (slos B S
) ) ) v Fig5. Schematic view of ramps in East to West direction
N N " of Sadr Overpass
80 - . —
75 mi/h dor il 2o e e
70 70 mi/h
65 mi/h
60 L60.milh
55 mi/h
2 50
.‘E‘*
= 40
3
2
v 3 -
g
20 ’h:.'/
10 /:,:

0 500 1,000

1,500 2,000 2,500

Flow Rate (pc/h/In)

ol ;5552 (g baww F S5

Fig.6. Level of service in highways

k o155 Gise cud b Bk

J 69959 4nly s o el slolis : Dj

(AK)) ilog ot Jold Al o fal )y s oy
ab las Jo sl o5 05s o0 (D)) Lol 5 (By) cudsbs
29l 9500 b 55108

JB e ;545 515 (639,9 b jhe w8 4 305 9,50,
3o be lassgyg cul Ngd oo )50 sl Jlyou ghaiie &5 s
o5 )3 5995 « (X;) aplad sl (63955 < (X, ) oslS sk (5345
5 (X)) e plol o555 (539,5 dXy) p5lad o0gume 0 )y
Glacsosys Soiled sled .55 (X)) (2Ll aped o 55 (539
2o Gl ) 0 pf 4 30 sy b

)N By e 50 (7 9y Saarl il S92y pae Jdo 4

Gl adle Vo oae ply abolie (oolod 5|4t flog y9ue moms

maxZXJ )
J=1
St.

n

ZAijjSBk , k= 1,2, e, m M)
=1
X] < D], ] = 1,2, e, n (\c)
X;20, j=12...n ®)

:Q] B as

) e 3 815 )5 e 4 (63959 4k bl o> X
(‘\—‘l") o g Ls’“é‘ u“-’“
L5 ) i )y J e 3l a8 aldis folug 5l sog s AK]

Ngd oo g K adaio 5l 500

yavm



YEYE B YEYY docio DFAQ Jlo Vv 0)loud @Y 093 ¢S ool (lpos suoito & pis

cpogi |y bl opl 5l glBadly cols) ol 5 SIS o
Ivyls s S jiw loy g ey o 5l Lalge 0 g 035 oo
4 oS 2 bulyd o Sl A pocwss ghe o5 oo
u.!).a.»u.a.' oD L)L"‘“ E C_la‘.u ‘(o‘#o Sy L| 9 =L||J|)—‘ S Hgo
G enes (i B gaocas gl 5 b j5ee BB e
E cwss zhe Ko o)le 4 ol cud,b 5l e L 7,
Sl e ey b szt asecd o o o plis | ol o8 b
Cowdds B Cons mhaws )0 alaite cod )b calaie 10 g 005 b3 o
uou B ébl.n.o u.d).’o u‘b)ﬁi Cawdds LS‘)" O o W‘OMT
5o Cwloadds 0'3)51 YIJ9~.\> 5o 4.‘09.1).41 dde s).’l.ba B )L7u» CE
5 Grd S Sl 2S5 G )0 e st A B0 e
ol b lgie 4 b S 5 005 b g0 bl et o5 )5
Yo 653e 00gamme ;o b o 0 jlxe Cae s Cawlodds iy ya8
b oplplo il cele bl FYFA Jobo el o yioglS
N T A A owwéla.uwﬁ)béw)os
Gy a5 ablie ool )b g basl,cod Glols 4 by e slael .ol
Cwloas 00)5]\“ 9 ¥ Jj‘u\} B w)g L W)

Gllae (Lol 0y 5 baal) s @S> slo dobes ol
B9 Jslaz slael 5l eolawl b asdllas cpl sl (V) B (P) Loy,
09h (0 by ) Gl

Vb, Glhe oo b ooy 4 50 00, ¢lp Bas &b

Dl g0 Ly ya3
max x, +x; + X, + X5 + X, *)
S.T.

Xs +x, <3700 )
X, + x5 +x, <5700 )
X + x5 +x, +x;, <5700 )
Xg + X5 +x, +x;,+x, <5700 )
x, <4400 av

yavy

e B @ A § % e 0 gblie cud,b Y Jgua
Table 3. Capacity of sections in East to West direction of
Sadr Overpass

f v \ v | K
OVes | OYee | OVee | ¥Vee | By
\ plaie Y abie ¥ abiie
X —b:::::::::::::__________::::::::::::
X i

o b B 4 0 pf e Suiled M Y USS
Fig.7. Schematic view of ramps in West to East direction
of Sadr Overpass

@bl e o5 )5 e ylad lsly woglS lob (6995 b anlyct
slaghic 5 o2, Jao slo ] plgie 4 () e plel o555
g cnl 50 K G pme daaal,cud (nl 51 S0 jlaw sl (559
a5 s Ghedy (il 5o Ay Jsor Olse Yo sar 1wl e
Joo 4 all oo mhaer joo ol 55 5l 6395 a5 ) (ganl
Ol 31 ooy Sl pae 5 gyl ladl g piws sln O s (b
O gk opl o el sl (6,8 Sgaue DlS gole Lyli o
o lagl cod bl daanl ool Lol (l5ae 4 oo yiss pae e
Giyaalip Joe gl 1) .conl ouls ool Lolas oYL o> olgie
gl L b oo 005 pox gaidor (SR | 0 S
a3 o &l Cellae gy
odims Lz as [YV] 7 S 1ol cud b 0000 ey sl

sob 4 ol jo a8 W )T eolaiul cail go ol 555 gy las
Loly cod b slocal) LS 1o 0uds 4oy sla JIS> 350> aodl>
alisee glace jus 10 o0 iy 15 BOC0dS o (il ] 5ub
6‘).: QL‘)} C).v GQQWJ}CJQ‘»)ELWLMEJ."GM G
Gy A B e B el 50 ] oo Cewsds ol S5 5l s e
Glhdl gy @lp b3 Sy jeee b 90 Gl oo

Al oo

Lyls a5 cul S Gonw lae SO (20 s mhaw



ey By 4 0 xE e )0 gblio cud b8 Jgua
Table 5. Capacity of sections in West to East direction of

Sadr Overpass
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Table 7. Share of traffic entering J passage and passing k
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Table 4. Demand rate in ramps of East to West of Sadr
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Table 6. Demand rate in ramps of West to East of Sadr
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Table 8. Fleet file in IVE model
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Table 9. Comparison of flow rate in Mathematical Linear Model and current flow rate
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Table 10. Comparison of entrance flow rates in Modarres Ramp
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Table 11. Results of emission rates via IVE model in East to West direction
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Table 12. Results of emission rates via IVE model in West to East direction
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