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xOt;CUOx@ C=aq]= 'QovOQN |R=Ux}@W =@ xU}=kt QO 'p=L u}= =@ "Ovm|t ?}mQD
p}rLD |=yVwQ QO ,qwtat Qovu=}t |=ypOt R= "OQ=O |QDtm CkO 'wQOwN K]U QO
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|Q=YLv= l =QDW= CU=}U 'Q}N= |w} Q=vU QO 'p=Ft u=wvax@ "OwW|t xOy=Wt OvwQ
|xOv}q; Q=WDv= u=R}t 'x}=B w} Q=vU w |Q=YLv= l =QDW= CU=}U x@ C@Uv Q@ Q=m wO
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Q}F-=D |UQQ@ x@ �=QH= 490 ẁtHt 'w} Q=vU Qy |=Q@ =QH= 10� w} Q=vU 49 |R=Ux}@W
|=xv=Nro |=yR=o Q=WDv= QO pkvwptL Vkv Vy=m |=Q@ Q=mx=Q l} u=wvax@ =NwN

pw] QO =NwN |Q=PoQ}F-=D |xwLv QO u=ow=v |xR=Ov= w l =QDW=CU=}U Q}F-=D "3 pmW
"xm@W QO hY

"u=ow=v |xR=Ov= T=U=Q@ �sQowr}m � |r}Ui CNwU hQYt u=R}t "4 pmW
|=H x@ =NwN R= xO=iDU= V}=Ri= =@ "CU= |DmQL Orwt |wQ}v u=wvax@ l =B |SQv=
w O@=}|t Vy=m sDU}U QO |rwtat |x}rkv\�=Uw O=OaD '|YNW |x}rkv\�=Uw
|DQwY QO '`k=w QO "OwW|t CU} R\}Lt QO Q=WDv= u=R}t Vy=m ?Hwt Qt= u}ty
CtU x@ |oOwr; u=R}t 'Ovvm xO=iDU= =NwN R= O=Qi= |xty w OwW pt=m Pwiv MQv xm
pkvwptL |xm@W QO CNwU hQYt 'Q=WDv= u=R}t Q@xwqa "OQm Oy=wN p}t QiY
=@ xm OwW|t xOy=Wt 4 pmW QO "OW=@ xm@W |}=Q=m R= |YN=W Ov=wD|t R}v
Vy=m |rwtat |=ywQOwN \UwD CNwU hQYt u=R}t '=NwN Pwiv MQv V}=Ri=
OQwt QO "CU= xOW QiY |r}Ui CNwU hQYt u=R}t '�100 Pwiv MQv QO w xDi=}
Q@ Q=m wO |Q=YLv= l =QDW= CU=}U xm Cio u=wD|t wQOwN l =QDW= |=yCU=}U
|xR=Ov= =@ �75 |w} Q=vU QO xm |Qw]x@ "CU= xDW=O |QDxv}y@ OQmrta C@Uv x@

83



Q=mt
yw

|v=t
LQ

|ra
/"""

|m=
QDW=

u=QO
wN

|wQ
OwN

Pwiv
MQv

|R=
Uw}

Q=vU"|SQv= hQYt u=R}t w |=xv=Nro |=yR=o Q=WDv= QO u=ow=v |xR=Ov= w 'l =QDW= CU=}U 'Pwiv MQv |xOWZQi |=yw} Q=vU Q}F-=D "9 pwOH
|SQv= hQYt u=R}t QO Q}F-=D |=xv=Nro |=yR=o Q=WDv= w} Q=vU

hQYt Vy=m ?Hwt Pwiv MQv V}=Ri= xm |Qw]x@ "OQ=O |Q}otWJ Q}F-=D 'Pwiv MQv
Pwiv MQv|SQv= hQYt V}=Ri= w |r}Ui CNwU CtU x@ Q=WDv= u=R}t �100 Pwiv MQv QO

"OwW|t |m} QDmr= "Ovm|t p}t QiY
CNwU hQYt u=R}t |Q=wU l =QDW= Q}=U x@ C@Uv Q@ Q=m wO |Q=wU l =QDW=

l =QDW= CU=}U=D ?}DQD x@ =Q xD}U} QDmr= |SQv= w |r}Ui =Q Q=WDv= u=R}t �10 =D l =QDW= |=yw} Q=vU
"OyO|t Vy=m OYQO 23 w 5 "OyO|t Vy=m

hQYt w V}=Ri= �20 =D =Q |r}Ui CNwU CNwU hQYt u=ow=v |xR=Ov= V}=Ri=
u=ow=v |xR=Ov=Vy=m �13 =D =Q xD}U} QDmr= |SQv= xD}U} QDmr= |SQv= hQYt w �18 =D =Q |r}Ui

"OyO|t "OyO|t V}=Ri= �58 =D =Q

=NwN p}Uv=DB Q@ |v@t u}W}B C=ar=]t G}=Dv |xOvvmO}}-=D 'xOt;CUOx@ G}=Dv
w |]}LtCU} R |=yxOv}q; Q=WDv= u=R}t R= pkvwptL sDU}U syU Vy=m |=Q@
=NwN [6]'�2018� 18|=m w qwOv=Nwr |xH}Dv hqNQ@ "CU= |SQv= hQYt u=R}t
|=yxOv}q; Q=WDv= u=R}t Ov=wD|t sy uOw@|m} QDmr= CQwY QO |Q=wU l =QDW= uwO@
Qw[L [18]'�2018� u=Q=mty w Q=Rr=U |xH}Dv x@=Wt "OyOVy=m =Q |]}LtCU} R
|=yxOv}q; Q=WDv= u=R}t QO Q=PoQ}F-=D |rt=a Ov=wD|t s=LOR= Vy=m =@ xm@W QO =NwN
QO |=yZQi "OvQ=O Q}F-=D =NwN OQmrta QO |O=} R pt=wa "OW=@ |]}LtCU} R
xar=]t G}=Dv Q}}eD =@ Ovv=wD|t QwmPt pt=wa R= l} Qy =@ \=@DQ= QO xOWxDiQo Q_v
xHwD xr�Ut |=yZQi x@ O}=@ 'hrDNt C=ar=]t G}=Dv |xU}=kt QO =Pr "OvW=@ x=Qty
CU= umtt p=YD= u}= xm 'CU= wQOwN uOw@pYDt 'Q}N= pt=wa R= |m} "OwW
|=ypOt Ov=wD|t wQOwN uOw@pYDt "OW=@ CN=UQ} R =@ =} w Qo}O |=ywQOwN =@
Q[=L |xar=]t "Ovm Q}}eD VwNCUO =Q `]=kD QO wQOwN Q=DiQ w \NQ}}eD '?}kaD
Ov=wD|t ZQi u}= uDiQovQ_vQO xm 'CU= xOW s=Hv= =NwN p=YD= sOa ZQi =@

"OW=@ |Oa@ C=ar=]t |=v@t
w wQOwNX}YND |xwLv 'OW=@ |D; C=ar=]t QwLt Ov=wD|t xm |Qo}O OQ=wt R=
xOw@|v=Q@ Q=m x@ =NwNX}YNDC} wrw= 'Q[=L |xar=]t QO "CU= l =QDW=CU=}U
u} QDl}ORv x@ =yu; |xrY=i x@ xHwD uwO@ 'OvW=@ xO=O CU=wNQO QDOwR xm CU=
u=tR T=U=Q@ |Ov@C} wrw= uwO@ xm OQ=O OwHw u=mt= u}= xm |r=L QO "wQOwN

"OwW xO=O X}YND Q@ Q=m u} QDl}ORv x@ wQOwN Qy 'CU=wNQO
Q=_Dv= u=tR |=Q@ |OL I}y Q[=L |xar=]t QO 'l =QDW= CU=}U =@ \=@DQ= QO
'Qo}O |DQ=@ax@ "CU= xOWv xDiQo Q_v QO =NwN u} QDl}ORv uO}UQ |=Q@ Q@ Q=m
|D; C=ar=]t QO =Q =NwN u=ow=v |xR=Ov= 'Q=_Dv= |xv}W}@ u=tR ZQi =@ u=wD|t

"CN=U xv}y@

|=xar=]t "CU= xOW xDN=OQB |=xv=Nro |=yR=o Q=WDv= u=R}t w |SQv= hQYt QO
'u=QyD QyW R= |WN@ QO xk}kO 25 u=tR COt QO QiU 6500 uDiQoQ_vQO =@ xm
u=Q}= QO |QyW Q@=at |xm@W QO =NwN Qw[L |UQQ@ |va} 'OwHwt |D=ar=]t -qN

%xm OvyO|t u=Wv G}=Dv "Ovm|t QB =Q |]}LtCU} R |y=ov =@
"O@=}|t Vy=m =wy |=yxOv}q; Q=WDv= u=R}t 'xm@W QO =NwN Pwiv MQv V}=Ri= =@ "1
Vy=m QO Ov=wD|t wQOwN l =QDW= CU=}U x@ C@Uv |Q=wU l =QDW= CU=}U "2

"OyO u=Wv |QDy@ OQmrta =yxOv}q; Q=WDv= u=R}t
'OwW Q=WDv= u=R}t V}=Ri= x@ QHvt Ov=wD|t =NwN u=ow=v |xR=Ov= V}=Ri= "3
|rwtat |wQOwN w =NwN QiU |xw}W wO Qy xm |}=yw} Q=vU QO XwYNx@

"OvQ=O Qw[L
Qt= u}ty w OW Oy=wN QDtm |rwtat |x}rkv\�=Uw O=OaD 'Pwiv MQv V}=Ri= =@ "4
QHvt xD}U} QDmr= hQYt V}=Ri= w |r}Ui CNwU hQYt Vy=m x@ Ov=wD|t

"OwW
hQYt u=R}t Ov=wD|t 'hY pw] w s=LOR= Vy=m =@ |Q=wU l =QDW= CU=}U "5
wQOwN l =QDW= \ki |w} Q=vU x@ C@Uv =Q xD}U} QDmr= |SQv= w |r}Ui CNwU

"OyO Vy=m
u=wvax@ "OW=@ xDW=O CNwU hQYt QO |Dw=iDt Q}F-=D Ov=wD|t u=ow=v |xR=Ov= "6
hQYt u=R}t V}=Ri= Ea=@ s=LOR= V}=Ri= p}rOx@ u=ow=v |xR=Ov= V}=Ri= 'p=Ft
QDtwr}m |xr}Uw Vy=m w |UQDUO uOQm QDW}@ =@ =t= 'OW Oy=wN |r}Ui CNwU

"OyO Vy=m =Q xD}U} QDmr= |SQv= hQYt Ov=wD|t '|r=N |xOW|]

=yCWwv=B
1. Range Anxiety
2. On-Demand Shared Systems
3. Shared Autonomous Vehicles
4. National Household Travel Survey

5. Shoup
6. Lokhandwala & Cai
7. Ride{Sharing
8. Jones & Leibowicz
9. Salazar
10. Air Quality Report
11. Macroscopic

84



2|
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

12. Mesoscopic
13. Microscopic
14. Multi-modal Systems
15. Krau�
16. Adaptive Cruise Control
17. Milan�es & Shladover
18. Lokhandwala & Cai

�References� `@=vt
1. Fuller, R., Landrigan, P.J., Balakrishnan, H., Bathan,

G., Bose-O'Reilly, S. and Brauer, M., 2022. Pollution and
health: A progress update. The Lancet Planetary Health,
6(6), pp. e535-e547. DOI: 10.1016/S2542-5196(22)00090-
0.

2. World Bank, 2022. The Global Health Cost of PM2.5 Air
Pollution: A Case for Action Beyond 2021. The World
Bank Group, 89 p. DOI: 10.1596/978-1-4648-1816-5.

3. Zehnder, C., Manoylov, K. and Mutiti, S., 2018. Intro-
duction to Environmental Science. 2nd Edition, Kendall
Hunt Publishing Company.

4. Ritchie, H., Roser, M. and Rosado, P., 2020. CO2
and greenhouse gas emissions. Our world in data.
https://ourworldindata.org/greenhouse-gas-emissions.

5. Raouf, M., Abedini, R., Omidkhah, M. and Nezhad-
moghadam, E., 2020. A favored CO2 separation
over light gases using mixed matrix membrane
comprising polysulfone/polyethylene glycol and
graphene hydroxyl nanoparticles. Process Safety and
Environmental Protection, 133, pp.394-407. DOI:
10.1016/J.PSEP.2019.11.002.

6. Lokhandwala, M. and Cai, H., 2018. Dynamic ride
sharing using traditional taxis and shared autonomous
taxis: A case study of NYC. Transportation Research
Part C: Emerging Technologies, 97, pp. 45-60. DOI:
10.1016/J.TRC.2018.10.007.

7. Bauer, G.S., Greenblatt, J.B. and Gerke, B.F., 2018.
Cost, energy, and environmental impact of auto-
mated electric taxi eets in Manhattan. Environmen-
tal Science & Technology, 52(8), pp. 4920-4928. DOI:
10.1021/acs.est.7b04732.

8. Chen, T.D., Kockelman, K.M. and Hanna, J.P.,
2016. Operations of a shared, autonomous, elec-
tric vehicle eet: Implications of vehicle & charg-
ing infrastructure decisions. Transportation Research
Part A: Policy and Practice, 94, pp. 243-254. DOI:
10.1016/j.tra.2016.08.020.

9. Broadbent, G.H., Metternicht, G.I. and Wiedmann,
T.O., 2021. Increasing electric vehicle uptake by updat-
ing public policies to shift attitudes and perceptions:
Case study of New Zealand. Energies, 14(10), pp. 1-20.
DOI: 10.3390/en14102920.

10. Arbib, J. and Seba, T., 2017. Rethinking Transporta-
tion 2020-2030: The Disruption of Transportation and
the Collapse of the Internal-Combustion Vehicle and Oil
Industries. RethinkX, 162 p.

11. Santos, A., McGuckin, N., Nakamoto, H.Y., Gray, D.
and Liss, S., 2011. Summary of Travel Trends: 2009
National Household Travel Survey. U.S. Department of

Transportation, Federal Highway Administration, 83 p.
https://nhts.ornl.gov/2009/pub/stt.pdf.

12. Caul�eld, B., 2009. Estimating the environmental ben-
e�ts of ride-sharing: A case study of Dublin. Trans-
portation Research Part D: Transport and Environment,
14(7), pp. 527-531. DOI: 10.1016/J.TRD.2009.07.008.

13. Vleugel, J.M. and Bal, F., 2018. More space and im-
proved living conditions in cities with autonomous vehi-
cles. International Journal of Design & Nature and Eco-
dynamics, 12(4), pp. 505-515. DOI: 10.2495/DNE-V12-
N4-505-515.

14. Fulton, L.M., 2018. Three revolutions in urban
passenger travel. Joule, 2(4), pp. 575-578. DOI:
10.1016/j.joule.2018.03.005.

15. Shoup, D.C., 2006. Cruising for parking.
Transport Policy, 13(6), pp. 479-486. DOI:
10.1016/j.tranpol.2006.05.005.

16. Fagnant, D.J. and Kockelman, K.M., 2014. The travel
and environmental implications of shared autonomous
vehicles, using agent-based model scenarios. Transporta-
tion Research Part C: Emerging Technologies, 40, pp.
1-13. DOI: 10.1016/J.TRC.2013.12.001.

17. Jones, E.C. and Leibowicz, B.D., 2019. Contri-
butions of shared autonomous vehicles to climate
change mitigation. Transportation Research Part D:
Transport and Environment, 72, pp. 279-298. DOI:
10.1016/j.trd.2019.05.005.

18. Salazar, M., Rossi, F., Schi�er, M., Onder, C.H. and
Pavone, M., 2018. On the interaction between au-
tonomous mobility-on-demand and public transporta-
tion systems. In 2018 21st International Conference on
Intelligent Transportation Systems (ITSC), IEEE, pp.
2262-2269. DOI: 10.1109/ITSC.2018.8569381.

19. Milakis, D., Van Arem, B. and Van Wee, B., 2017.
Policy and society related implications of automated
driving: A review of literature and directions for
future research. Journal of Intelligent Transporta-
tion Systems, 21(4), pp. 324-348. [In Persian]. DOI:
10.1080/15472450.2017.1291351.

20. Afandizadeh, Sh., Jafari, R.and Kalantari, N., 2021. The
impact of personal and shared autonomous vehicles on
mode choice for di�erent travel purposes considering
changes in three variables of travel time, parking cost,
and operating cost (case study: Qom city). Journal of
Transportation Research, 18(3), pp. 29-40. [In Persian].

21. Asaiesh, Sh. and Hemati, S., 2020. The investigation and
evaluation of the performance of autonomous vehicles
and their role in intelligent transportation systems. Pre-
sented at the 6th National Congress of Civil Engineering,
Architecture, and Urban Development, Tehran. [In Per-
sian].

22. Karbasi, A. and Sa�arzadeh, M., 2022. Investigating the
e�ect of automated vehicles and connected and auto-
mated vehicles on the capacity of freeways using micro-
scopic simulation. Journal of Civil Engineering, Amirk-
abir University of Technology, 54(5), pp. 1691-1704. [In
Persian].

23. Rahmani, A. and Mamdoohi, A.R., 2023. Shared au-
tonomous vehicles e�ect on vehicle-Km traveled (VKT):

85



Q=mt
yw

|v=t
LQ

|ra
/"""

|m=
QDW=

u=QO
wN

|wQ
OwN

Pwiv
MQv

|R=
Uw}

Q=vUA case study in a part of Tehran. 19th International
Conference on Transportation and Tra�c Engineering,
Tehran, Iran. [In Persian].

24. Ariana, R., 2022. World Air Quality Report. IQAir, 47
p. https://www.greenpeace.org/static/planet4-india-
stateless/2023/03/2fe33d7a-2022-world-air-quality-
report.pdf.

25. Narayanan, S., Chaniotakis, E. and Antoniou, C.,
2020. Shared autonomous vehicle services: A com-
prehensive review. Transportation Research Part
C: Emerging Technologies, 111, pp. 255-293. DOI:
10.1016/j.trc.2019.12.008.

26. Ahmed, H.U., Huang, Y. and Lu, P., 2021. A re-
view of car-following models and modeling tools for
human and autonomous-ready driving behaviors in
micro-simulation. Smart Cities, 4(1), pp. 314-335. DOI:
10.3390/SMARTCITIES4010019.

27. Lochrane, T., 2014. A new multidimensional psycho-
physical framework for modeling car-following in a free-
way work zone. Electronic Theses and Dissertations,
4592. University of Central Florida.

28. Hoogendoorn, S.P. and Hoogendoorn, R., 2010. Generic
calibration framework for joint estimation of car-
following models by using microscopic data. Trans-
portation Research Record, 2188(1), pp. 37-45. DOI:
10.3141/2188-05.

29. Krau�, S., 1998. Microscopic modeling of traf-
�c ow: Investigation of collision free vehicle
dynamics. Engineering, Environmental Science.
https://api.semanticscholar.org/CorpusID:111793371.

30. Song, J., Wu, Y., Xu, Z. and Lin, X., 2014. Re-
search on car-following model based on SUMO.
In The 7th IEEE/International Conference on Ad-
vanced Infocomm Technology, IEEE, pp. 47-55. DOI:
10.1109/ICAIT.2014.7019528.

31. Milan�es, V. and Shladover, S.E., 2014. Modeling cooper-
ative and autonomous adaptive cruise control dynamic

responses using experimental data. Transportation Re-
search Part C: Emerging Technologies, 48, pp. 285-300.
DOI: 10.1016/J.TRC.2014.09.001.

32. Xiao, L., Wang, M. and Van Arem, B., 2017. Realis-
tic car-following models for microscopic simulation of
adaptive and cooperative adaptive cruise control vehi-
cles. Transportation Research Record, 2623(1), pp. 1-9.
DOI: 10.3141/2623-01.

33. Erdmann, J., 2015. SUMO's lane-changing model, In
Modeling Mobility with Open Data: 2nd SUMO Confer-
ence 2014 Berlin, Germany. Springer International Pub-
lishing, pp. 105-123. DOI: 10.1007/978-3-319-15024-6 7.

34. Liu, Y., Guo, J., Taplin, J. and Wang, Y., 2017. Char-
acteristic analysis of mixed tra�c ow of regular and
autonomous vehicles using cellular automata. Journal
of Advanced Transportation, 2017(1), pp. 1-10. DOI:
10.1155/2017/8142074.

35. Al-Turki, M., Ratrout, N.T., Rahman, S.M. and Reza,
I., 2021. Impacts of autonomous vehicles on tra�c ow
characteristics under mixed tra�c environment: Future
perspectives. Sustainability, 13(19), pp. 11052. DOI:
10.3390/su131911052.

36. Mintsis, E., Koutras, D., Porfyri, K., Mitsakis, E.,
L�ucken, L., Erdmann, J., Floetteroed, Y., Alms, R.,
Rondinone, M. and Maerivoet, S., 2018. Modelling, sim-
ulation and assessment of vehicle automations and auto-
mated vehicles' driver behaviour in mixed tra�c. Tran-
sAID Deliverable.

37. Krumnow, M. and Kretschmer, A., 2014. Real-time sim-
ulations based on live detector data{experiences of using
SUMO in a tra�c management system. In Simulation of
Urban Mobility: First International Conference, SUMO
2013, Berlin, Germany, 2013. Revised Selected Papers
1, pp. 136-145. DOI: 10.1007/978-3-662-45079-6-10.

38. Keller, M., Hausberger, S., Matzer, C., W�uthrich, P.
and Notter, B., 2017. HBEFA Version 3.3, Hintergrund-
bericht. INFRAS, Bern, Schweiz.

86


