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Fig.1. Integrated “vehicle-fuel-traffic” emission control system in China

Fig. 2. Economic and demographic conditions of Beijing, Shanghai, Shenzhen, and 

Chengdu in 2020
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Fig.1. Integrated “vehicle-fuel-traffic” emission control system in China

Fig. 2. Economic and demographic conditions of Beijing, Shanghai, Shenzhen, and 

Chengdu in 2020
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Fig. 3. Featured municipal-level control policies in four representative megacities in China
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1.

Fig. 4. Growth trend in vehicle population and key moments regarding vehicle emission control in 

Beijing during 2000-2020

Fig. 5. Decoupling on-road emissions resulting from rapid growth of vehicle ownership in Beijing 

during 2000–2020
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1.

Fig. 4. Growth trend in vehicle population and key moments regarding vehicle emission control in 

Beijing during 2000-2020

Fig. 5. Decoupling on-road emissions resulting from rapid growth of vehicle ownership in Beijing 

during 2000–2020
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Integration of multiple advanced technologies for the 
emission monitoring of in-use vehicles

2.

Fig. 6. Assessment of vehicle emission reduction in Beijing during 2000-2020
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Fig. 7. Beijing’s remote on-board diagnostics (OBD) monitoring platform for heavy-

duty diesel vehicles (HDDVs)
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Implementation of  "Prioritizing Public Transport" strategy 
and optimization of freight transportation structure

Fig. 8. Annual inspection and random on-road emission inspection of in-use vehicles

3.
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Fig. 9. Changes in travel mode and development of subways in Shanghai

a. Travel volume and travel mode

2015

b. Development of subways

2020

Fig.10. Spatial distribution of ambient NO2 concentrations in Shanghai 

in 2015 and 2020
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Fig. 11. Trends in freight volume and modal proportion in China during 1980–2020
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Fig. 12. Growth in the total number of new energy vehicles (NEVs) in Shenzhen 

during 2009–2020
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Fig. 13. Air quality improvements in Shenzhen resulting from fleet electrification

Diversification of transportation energy and application 
of biofuel 

5.
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Fig. 14. Promotion of E10 ethanol gasoline in China
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Fig. 15. Illustration of the closed-loop governance model applied in Shanghai for the 

complete industrial chain of  “gutter oil”  to biodiesel

Fig. 16. Comparison of biofuel production in China, Brazil, the United States of 

America (USA) and the European Union (EU)
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Fig. 17. On-road vehicle emissions mapping and management system of Chengdu 

based on Intelligent Transportation Systems (ITS) big data

Big data intelligent transportation system to promote 
smart management of vehicle emissions
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Fig. 18. Implications of the on-road vehicle emissions mapping and management system 

applied in Chengdu.

-&;�4� -&;�4�

a. Dynamic tracking of vehicle emission changes during the COVID-19 pandemic

b. Assessment of emission reduction resulting from the implementation of low-
emission zone (LEZ) policies
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Fig. 1.1. Vehicle population (without motorcycles) in China, the United States of 

America (USA) and the European Union (EU) during 1990-2021
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Fig. 1.2. Contributions of mobile sources to ambient PM2.5  in typical megacities in China 

Fig. 1.3. Variations in the maximum daily 8-h average (MDA8) O3 concentration in 

summer over China during 2013-2019 (Lu et al., 2020)
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A review of vehicle emission control 
in China during the past 20 years
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Fig. 2.1. The integrated “vehicle-fuel-traffic” emission control system implemented 

in China
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Table 2.1.Emission limits for emission standards of light-duty gasoline vehicles (LDGVs)
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Table 2.2. Emission limits for emission standards of heavy-duty diesel vehicles (HDDVs)

E.*--*%+(-#,+/,1/-
$0 )$ /09 1. 4NPLF /)� 1/
H�L8I H�L8I H�L8I H�L8I N�� QQN ��LN

((()$*+,(H (#����������� ��� ��� ��� ����� � � �
((()$*+,(HH ��� ��� ��� ����� � � �
((()$*+,(HHH (#����������� ��� ���� ��� ���� ��� � �
((()$*+,(HI ��� ���� ��� ���� ��� � �
((()$*+,(I (#����������� ��� ���� ��� ���� ��� � �
((()$*+,(IH ��� ���� ��� ���� � �� ���Y����
�����L8
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(()$*+,(HI (#����������� �� ��� �� �� ����������
(()$*+,(I (#����������� �� ��� �� �� ����������
()$*+,(˿�, (#����������� �� ��� �� �� ����������
()$*+,( �˿@ (#����������� �� ��� �� �� ����������

Table 2.3. National standards for automobile diesel fuels

Table 2.4. National standards for automobile gasoline fuels
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Fig. 2.3. Implementation schedule of national standards for new vehicles and fuels in 

China during the past 20 years
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Fig. 2.4. Promotion of E10 ethanol gasoline in China
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Fig. 2.5. Comparison of biofuel production in China, Brazil,  the European Union (EU)

 and the United States of America (USA)
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Fig. 2.6. Random emission inspection of on-road heavy-duty vehicles (HDVs)
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Fig. 2.7. Demonstration of new energy vehicles in the form of electric buses, taxis, 

logistics vehicles, and charging points
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Table 2.5. Subsidy standards for new energy vehicles in China during 2016–2021 (unit: 

1000 CNY)
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Fig. 2.8. Bus rapid transit (BRT) system in Beijing (left) and Jinan (right) in China
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Fig. 2.10. Trend of freight volume and structure in China for 1980-2020
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BOX Fig. 2.1. Shui-Cao special railway line (Qian'an mining area–Caofeidian port).
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Fig. 2.11. Economic and demographic conditions of Beijing, Shanghai, Shenzhen, and 

Chengdu in China

Fig. 2.12. Trends of vehicle population in typical cities of China from 2000 to 2020



062

"�3FUSPTQFDUJWF�BOE�1SPTQFDUJWF�4UVEZ�PO����:FBST�.PCJMF�4PVSDF�&NJTTJPOT�$POUSPM�JO�.FHBDJUJFT�PG�$IJOB

Q&)51-'"*65.12(#/*%&,1*.#%'/*#;*,6)*#-%*#04&)'42# 16,'1#.654,*#68#d:?9W#06115-&6"# &"#.*/*4'1#$%&"*.*#

,&-&*.9# !"#'33&-&6"(# -4'88&,#*)&..&6".#'4*#,16.*12# 1&"Z*3#-6#XV#06115-&6"#354&"+#-%*#.5))*4#7%&1*# -%*#

4*35,-&6"#&"#SX?#,6",*"-4'-&6".#&"#4*,*"-#2*'4.#%'.#;**"#5".'-&.8',-642#=>&+9#?9HV@9

A6# &)046/*#'&4#<5'1&-2#'"3#05;1&,#%*'1-%(#061&,2)'Z*4.# &"#-%*.*#)*+',&-&*.#'4*#%*'/&12#)6-&/'-*3#-6#

&)01*)*"-#.-4&,-#)*'.54*.#-6#4*35,*#/*%&,1*#*)&..&6".(#'.#-%*2#01'2#'#,45,&'1#461*#&"#046)6-&"+#/*%&,1*#

*)&..&6"#,6"-461# &"#$%&"'9#A%&.#.-532#86,5.*.#6"#-%*#,%'4',-*4&.-&,.#68#)5"&,&0'1F1*/*1#,6"-461#061&,&*.#

&)01*)*"-*3#&"#-%*#8654#4*04*.*"-'-&/*#)*+',&-&*.#&"#$%&"'#=C*&D&"+(#Q%'"+%'&(#Q%*"R%*"(#'"3#$%*"+35@#

6/*4#-%*#0'.-#?\#2*'4.9

Fig. 2.13. Trends of major pollutant concentrations in the four typical cities (Beijing, Shanghai, 

Shenzhen, and Chengdu) and at the national level
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Fig. 3.1. Growth trend in vehicle population and key moments regarding vehicle 

emission control in Beijing, 2000-2020 
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； ； ； Fig. 3.3. Review of major emission control measures for on-road vehicles in Beijing, 1998–2020
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Fig. 3.4. Improvement of main components of automotive fuel in Beijing over the 

past 20 years
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Fig. 3.5. Development of the subway network in Beijing
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Fig. 3.6. Economic trends and typical air quality indicators in Beijing during 2000–2020
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Fig. 3.7. Assessment of vehicle emission reduction in Beijing during 2000–2020
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Fig. 3.8. Assessment of the emission-reduction benefits management (excluding the 

upgrades of the vehicle emission and fuel quality standards and phasing out the old 

vehicles)
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Fig. 3.9. Beijing remote OBD monitoring platform for heavy-duty vehicles
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Fig. 3.11. Comparison between OBD and PEMS synchronous testing data
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Fig. 3.12. NOX emissions from heavy-duty fleets based on PEMS, Chasing, and remote 

OBD tests

Fig. 3.13. NOX-emission control benefits for diesel fleet in Beijing and California
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4.2 Promoting the diversification of transportation energy
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Fig. 4.2. Key nodes of automotive development and  traffic-environment policy in 

Shanghai
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Fig. 4.3.  Comparison of the lengths of operational subway systems (primarily 

underground subways) between Shanghai and other major cities in China
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Table 4.1. Development of Shanghai public buses (2005–2020)
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Fig. 4.4.  Changes in travel volume and travel-mode composition in Shanghai

 from 2000 to 2020

Fig. 4.5. Comparison of per capita GDP and vehicle ownership density in domestic and

 international large cities
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Fig. 4.6. Trends in total traffic volume in different regions of Shanghai during 2000–2020
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Fig. 4.7. Comparison of vehicle ownership, energy consumption, and NOX and VOC 

emissions in Shanghai under different growth scenario modes
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Fig. 4.8. Spatial distribution of the NO2 concentration in Shanghai from 2015 to 2020
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Fig. 4.9. Concentration changes of major pollutants measured at traffic sites with air 

quality monitoring in Shanghai
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Fig. 4.10. Biodiesel and its feedstocks

Fig. 4.11. Sources and circulation paths of  “gutter oil”
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Fig. 4.13. Promotion and application of biodiesel from waste cooking oil in Shanghai
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Fig. 4.13. Promotion and application of biodiesel from waste cooking oil in Shanghai
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Fig. 4.13. Promotion and application of biodiesel from waste cooking oil in Shanghai
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Fig. 4.14. Emission-test system for biodiesel blended fuel on a freight vehicle
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Fig. 4.15. Emission-reduction effect of different blending ratios of biodiesel used by 
heavy-duty vehicles
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Fig. 4.16. Emission-reduction effect of biodiesel mixed in different proportions 
(Source: US EPA , 2002)
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Fig. 4.17. Comparison of unconventional pollutant emissions from different biodiesel 
mixtures in freight vehicles
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Table 4.2. Life cycle CO2 emission levels of different types of biodiesel and pure diesel
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Fig. 5.1. Growth in the total number of NEVs in Shenzhen during 2009-2020

PHEV BEV Proportion of new energy vehicles in all Shenzhen's vehicles
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Fig. 5.3. Development phases of new energy vehicles (NEVs) in Shenzhen 

during 2009–2020
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largest electric bus operator
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Fig. 5.5. Composition of NEVs promoted in Shenzhen in 2020

Q%*"R%*"#%'.#,6"-&"5*3#-6#&)046/*#&-.#.-'"3'43#'5-6)6-&/*#;'--*42#.2.-*).9#A%&.#&",153*.#*.-';1&.%&"+#

'# -*.-&"+#'"3#,*4-&8&,'-&6"#.2.-*)#864#60*4'-&"+#/*%&,1*.#'"3#'5-6)6-&/*#;'--*4&*.(#'"# &"864)'-&6"#

)'"'+*)*"-#.2.-*)#864#067*4#;'--*4&*.(#'"3#'#,'.,'3*#5-&1&R'-&6"#'"3#4*,2,1&"+#&"35.-42#.2.-*)#864#067*4#

;'--*4&*.(#'11#68#7%&,%#+5'4'"-**#-%*#%*'1-%2#3*/*160)*"-#68#STN.9



124

"�3FUSPTQFDUJWF�BOE�1SPTQFDUJWF�4UVEZ�PO����:FBST�.PCJMF�4PVSDF�&NJTTJPOT�$POUSPM�JO�.FHBDJUJFT�PG�$IJOB

@A+8/,)#/$*+.28%-()C20+;5+#72+V(#2.(/#)%(/$+'%"(8)$+%(+'$2/(+
<./(*,%.#/#)%(+>V''<B

)*#*0-(2",7(,(;07("0,/*+'(1%"0(*+(,330"01,#*+'(#$0(40$*3"0(0"03#1*C*3,#*%+8(M*+30(A=F]5(#$0(H))V(

$,-(-0"03#0/(A?(3*#*0-(,-(cE"03#1*3(I0$*3"0(),2*#,"-d5( "0,/*+'(#$0(21%.%#*%+(%C(2,--0+'01(

40$*3"0-8( H+(A=A=5(3*#*0-(C1%.(+*+0(3%&+#1*0-(6010(%+(#$0( "*-#5( *+3"&/*+'(FB( *+()$*+,5(W( *+(

E&1%205(B( *+(#$0(_+*#0/(M#,#0-5(,+/(M0%&"( *+(M%&#$(b%10,(NTZ\(J*'8(?>FO8(V$0-0(A?(3*#*0-(

3%+-*-#(%C(%+"7(<R(%C(#$0(6%1"/D-(2%2&",#*%+5(@&#(0"03#1*3(2,--0+'01>40$*3"0(-,"0-(,10(,-($*'$(

,-(BAR(%C(#$0(6%1"/D-(#%#,"8

D!H+X=J

BOX Fig. 5-1 Number of registered electric passenger vehicles and share of electric 
passenger vehicle registrations for the 25 electric vehicle capitals in 2020.
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BOX Fig. 5-2 Global electric passenger vehicle sales by market from 2010 to 2020

Electric passeger vehicle sales
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BOX Fig. 5-3 Truck ownership and zero-emission vehicle-share forecast in California, 
2020–2050.
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Fig. 5.6. NEV promotion policies in Shenzhen, 2009-2021
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Fig 5.7. Ownership of vehicle chargers and the vehicle-to-charger ratios in Shenzhen 

during 2015–2020
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BOX Fig. 5-4. Development of public charging infrastructure in selected EV capitals in 
2019
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Fig. 5.8. Changes in emissions due to the promotion of NEVs in Shenzhen between 
road traffic and power plants
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Fig.5.9. Contribution of electrification of Shenzhen fleets to the reduction of 
pollutant emissions in 2019

Fig.5.10. Impact of promotion of NEVs in on GHG emissions in Shenzhen in 2019
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Fig.5.11. Spatiotemporal distribution of NO2 concentration reduction benefits of 
electrification in Shenzhen

Fig. 5.12. Comparison of NOx concentrations for the scenarios of electrification or 
non-electrification in Shenzhen
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Fig 5.13. Emission reduction contribution by vehicle category for the future 
electrification scenario
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Fig. 5.14. Spatial distribution of the variations in the concentration of major pollutants 
in the future electrification scenario in Shenzhen in 2030

August
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Fig. 6.1. Motor vehicle population in Chengdu during 2000–2021
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Fig. 6.2. Road traffic detectors in Chengdu
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Fig. 6.3.Typical ITS and multi-source traffic data
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Fig. 6.4. Development of big-data ITS in Chengdu
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Fig. 6.5. High-density traffic monitoring network in Chengdu
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Fig. 6.6. Upgrading the on-road motor vehicle emissions mapping and management 
system in Chengdu
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Fig. 6.7. Real-time query function of the whole road network/single road vehicle 
flow and emissions presented by the platform (V4.0, released in 2021)
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Fig. 6.8. Spatiotemporal distribution of daily emissions from the entire road 
network in Chengdu and emission contribution by vehicle category
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Fig. 6.9. Evaluation of policy benefits of the vehicle emissions mapping and management 
system implemented in Chengdu
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Fig. 6.10. Changes in vehicle speed and traffic flow within 3rd ring road of  Chengdu 
from January 2020 to March 2020
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Fig. 6.11. Changes in air pollutants and CO2 emissions for on-road transport in Chengdu 
from January 2020 to March 2020
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BOX Fig 6-1. Traffic flow and NO2 concentration during (2020) and before (2019) the COVID-19 
pandemic in Los Angeles
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BOX Fig 6-2.  Scope of LEZ in London



170

"�3FUSPTQFDUJWF�BOE�1SPTQFDUJWF�4UVEZ�PO����:FBST�.PCJMF�4PVSDF�&NJTTJPOT�$POUSPM�JO�.FHBDJUJFT�PG�$IJOB

'/*2+IR+ +'%%.0)(/#20+;2(21)#+/**2**32(#+%1+#./11)8+
1$%4+/(0+,%$$"#/(#+23)**)%(*+1%.+\@]+,%$)85

�

-&; 6-&;

A%*#KTi#,6",*0-#4*8*4.#-6#'#3*.&+"'-*3#'4*'#7%*4*#',,*..#-6#,*4-'&"#%&+%F*)&--&"+#/*%&,1*.#&.#4*.-4&,-*3#64#

3&.,654'+*3#-6#&)046/*#4*+&6"'1#'&4#<5'1&-2#'"3#-4'88&,#,6"3&-&6".9#`&-%&"#-%*#KTi(#6"12#/*%&,1*.#)**-&"+#

.0*,&8&,#*)&..&6"#.-'"3'43.#'4*#0*4)&--*3#-6#*"-*4#354&"+#3*.&+"'-*3#-&)*#0*4&63.(#7%&1*#/*%&,1*.#8'&1&"+#-6#

,6)012#7&-%#-%*#4*+51'-&6".#'4*#*&-%*4#;'""*3#64#.5;D*,-#-6#0*"'1-&*.9#A%*#KTi#061&,2#%'.#*)*4+*3#'.#'#,45,&'1#

)*'.54*#864#)'"2#,65"-4&*.#'"3#4*+&6".#-6#-',Z1*#'&4#06115-&6"#&..5*.#'4&.&"+#846)#-4'88&,9#f*04*.*"-'-&/*#,&-&*.#

&)01*)*"-&"+#KTi#061&,&*.#&",153*#K6"36"(#d'4&.(#'"3#Q-6,Z%61)9

!"-*4"'-&6"'1#*B0*4&*",*#&"3&,'-*.#-%'-#-%*#KTi#061&,2#&.#*88*,-&/*#&"#4*35,&"+#/*%&,1*#5.*(#046)6-&"+#81**-#

-54"6/*4(#'11*/&'-&"+#-4'88&,#,6"+*.-&6"(#'"3#4*35,&"+#'&4#06115-&6"(#'11#7%&1*#)'&"-'&"&"+#167#*,6"6)&,#,6.-.9#A6#

',%&*/*#-%*.*#+6'1.(#'"#!AQ#&.#4*<5&4*3#-6#*".54*#*88*,-&/*#/*%&,1*#&3*"-&8&,'-&6"#'"3#-&)*12#0'2)*"-9

$%*"+35#'14*'32#%'.#'#.61&3#865"3'-&6"#864#!AQ#&"84'.-45,-54*#;5-#&.#,544*"-12#8',&"+#,%'11*"+*.#35*#-6#4'0&3#

+467-%#&"#-4'".064-'-&6"#3*)'"3#'"3#%&+%#/*%&,1*#*)&..&6".9#!)01*)*"-&"+#-%*#KTi#,'"#1*'3#-6#'"#60-&)&R*3#

-4'/*1#)63*(#&)046/*3#60*4'-&6"'1#*88&,&*",2(#'"3#4*35,*3#-4'88&,#*)&..&6".9#$6".*<5*"-12(#-%*#KTi#&.#*B0*,-*3#

-6#)'Z*#'#.&+"&8&,'"-#,6"-4&;5-&6"#-6#$%*"+35#;2#%*10&"+#-6#'11*/&'-*#-4'88&,#,6"+*.-&6"(#'"3#&)046/*#'&4#

<5'1&-29

A%*# 8*'.&;&1&-2#'"3#*"/&46")*"-'1# &)0',-#68#

&)01*)*"-&"+#-%*#KTi#061&,2#&"#$%*"+35#7*4*#

.-53&*3#;2#-%*#$%*"+35#!".-&-5-*#68#T"/&46")*"-'1#

Q,&*",*.(#&"#,611';64'-&6"#7&-%#A.&"+%5'#h"&/*4.&-2#

'"3#Q%*"R%*"#h4;'"#A4'".064-#d1'""&"+#'"3#

L*.&+"#!".-&-5-*9#A%*#-*')#5.*3#-%*#$%*"+35#

N*%&,1*#T)&..&6".#:'00&"+#'"3#:'"'+*)*"-#

Q2.-*)#-661#-6#'..*..#-%*#-4'88&,#'"3#*"/&46")*"-'1#

&)0',-.#68# -%*#KTi#061&,29#L4'7&"+# 846)#-%*#

*B0*4&*",*.#68#KTi.#&"#6-%*4#,&-&*.#764137&3*(#-%*#

-*')#*.-';1&.%*3#'#167#*)&..&6"#R6"*#-%'-#,6/*4.#

-%*#367"-67"#'4*'#='4*'#7&-%&"#C*1-7'2@#'"3#-76#

51-4'F167#*)&..&6"#R6"*.#&"#$%*"+35#=>&+#]9H?@9

Fig. 6.12. Regular low-emission 
zone (LEZ) and ultra-low emission 
zone (ULEZ) in Chengdu
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Fig. 6.13. Spatial information about the trips and traffic monitoring sites of Chengdu
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%3+#*"-'6$)*+,$%A'/-.'9/8@/9$'#83+E%='F5'6$)*+,$%'7*#)'$1@/%%:'/-.'+"-%3,/#$',*+$-%$'2,/#$%'/-.'?"8$*9-'6$)*+,$%'#)/#')/6$'#$12"8/8:'2$81*%%*"-'#"'$-#$8='/-.'C5'"#)$8'6$)*+,$%'

%2$+*?*$.'@:',/7%'/-.'8$93,/#*"-%'#)/#'/8$'-"#'8$%#8*+#$.'@:'.8*6*-9'8"3#$%'/-.'.*8$+#*"-%G

Table 6.1. Detailed control measures for the LEZ and ULEZ in Chengdu

Y/#+ 9-(,/-2$1#+%:/#%

9*#$*+(
T0"#6,7(NYEfO

H9##A45,Z.[#L&*.*1#-45,Z.#68#$%&"'#!!!#*)&..&6"#.-'"3'43.#'"3#;*167#7*4*#;'""*3#?P#%#'#3'2
?9##$'4.[#$'4.#68#$%&"'#?#*)&..&6"#.-'"3'43.#'"3#;*167#7*4*#;'""*3#?P#%#'#3'2
V9##$'4.[#$%&"'#V#,'4.#7*4*#;'""*3#354&"+#0*'Z#%654.#=J[\\rI[\\#s#HJ[V\rHI[\\@#6"#7**Z3'2.
P9# #S6"F16,'1#4*+&.-*4*3#/*%&,1*.#861167*3#-%*#.')*#4*.-4&,-&6".#'.# 16,'1#/*%&,1*.(#)6"&-64*3#-%465+%#)'"5'1# &".0*,-&6"Y#
7'4"&"+.#7*4*#&..5*3#864#-%*#8&4.-#-%4**#/&61'-&6".(#7&-%#05"&.%)*"-.#864#.5;.*<5*"-#/&61'-&6".
W9##Q**#"6-*.#864#*B*)0-&6".

9*#$*+
(J*1-#(X*+'(X%,/(N_YEfO

H9##A45,Z.[#U11#3&*.*1#-45,Z.#7*4*#046%&;&-*3#846)#*"-*4&"+
?9##$'4.[#$'4.#68#$%&"'#V#*)&..&6"#.-'"3'43.#'"3#;*167#7*4*#046%&;&-*3#846)#*"-*4&"+
V9##A%*#;'.*1&"*#0'4Z&"+#8**#7'.#&",4*'.*3#-6#?\r?W#25'"
P9##$'4.#-%'-#3&3#"6-#)**-#hKTi#.-'"3'43.#%'3#-6#054,%'.*#'#0'..#64#,6)01*-*#0'2)*"-#;2#3'2
W9# #S6"F16,'1#4*+&.-*4*3#/*%&,1*.#861167*3#-%*#.')*#4*.-4&,-&6".#'.# 16,'1#/*%&,1*.(#)6"&-64*3#-%465+%#)'"5'1# &".0*,-&6"(#
7'4"&"+.#7*4*#&..5*3#864#-%*#8&4.-#-%4**#/&61'-&6".(#7&-%#05"&.%)*"-.#864#.5;.*<5*"-#/&61'-&6".#]9#Q**#"6-*.#864#*B*)0-&6".

9*#$*+(
J*+,+3*,"()*#7(,10,(N_YEfO

H9##A45,Z.[#U11#3&*.*1#-45,Z.#7*4*#046%&;&-*3#846)#*"-*4&"+
?9##$'4.[#$'4.#68#$%&"'#V#*)&..&6"#.-'"3'43.#'"3#;*167#7*4*#046%&;&-*3#846)#*"-*4&"+
V9##$'4.[#$%&"'#V#,'4.#7*4*#,%'4+*3#354&"+#0*'Z#%654.#=J[\\rI[\\#s#HJ[V\rHI[V\@
P9##A%*#;'.*1&"*#0'4Z&"+#8**#7'.#&",4*'.*3#-6#?\r?W#25'"
W9# #S6"F16,'1#4*+&.-*4*3#/*%&,1*.#861167*3#-%*#.')*#4*.-4&,-&6".#'.# 16,'1#/*%&,1*.(#)6"&-64*3#-%465+%#)'"5'1# &".0*,-&6"Y#
7'4"&"+.#7*4*#&..5*3#864#-%*#8&4.-#-%4**#/&61'-&6".(#7&-%#05"&.%)*"-.#864#.5;.*<5*"-#/&61'-&6".
]9##Q**#"6-*.#864#*B*)0-&6".
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Fig. 6.14.Spatial distribution of motor vehicle emissions reduction rates within Beltway 
in different scenarios

Fig. 6.15. Average NO2 concentration reduction benefits in different scenarios
(simulated concentrations directly from vehicles)
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]FHP@9#!"#-%*#KTiFQH#.,*"'4&6(#-%*#b$#'"3#SXc#*)&..&6".#7*4*#*.-&)'-*3#-6#4*35,*#;2#IFH?a#

'"3#eFH?a(#4*.0*,-&/*129#b67*/*4(#-%*#4*35,-&6"#;*"*8&-.#7*4*#"6-#'.#.'-&.8',-642#7&-%&"#-%*#

>&4.-#f&"+#f6'3#'"3#-%*#>&"'",&'1#$&-2#'4*'(#35*#-6#1*..#.-4&,-#4*.-4&,-&6"#)*'.54*.9#A%*4*864*(#&"#

-%*#KTiFQ?#.,*"'4&6#=.-4&,-*4@(#-%*#-76#hKTi.#,6513#',%&*/*#)64*#.&+"&8&,'"-#;*"*8&-.(#7&-%#'#?PF

?Ia#4*35,-&6"#68#b$#'"3#'.#%&+%#'.#'#VIFJ\a#4*35,-&6"#68#SXc9

h.&"+#-%*#f'0&3U&4#)63*1(#-%*#&)046/*)*"-#&"#46'3.&3*#SX?#,6",*"-4'-&6".#7'.#*/'15'-*3#864#

-%*#-76#.,*"'4&6.#=>&+#]9HW@9#!"#-%*#KTiFQH#.,*"'4&6(#-%*#46'3.&3*#SX?#,6",*"-4'-&6".#,6513#;*#

4*35,*3#;2#]FIa#,6)0'4*3#-6#-%*#C5.&"*..FU.Fh.5'1#=CUh@#.,*"'4&69#b67*/*4(#&"#-%*#KTiFQ?#

.,*"'4&6(#-%*#4*35,-&6"#;*"*8&-.#68#SX?#,6",*"-4'-&6".#7&-%&"#-%*#>&4.-#f&"+#f6'3#'"3#>&"'",&'1#

$&-2#'4*'.#,6513#&",4*'.*#-6#?Va#'"3#Vea(#4*.0*,-&/*129

A%5.(#-%*# &)01*)*"-'-&6"#68#-%*#KTi#061&,2#,'"#.&+"&8&,'"-12#4*35,*#-4'88&,# &"-*".&-2#

'"3#/*%&,1*#*)&..&6".(#-%*4*;2# &)046/&"+#-%*#,&-2_.#'&4#<5'1&-29#U33&-&6"'112(# -%*#KTi#

061&,2#,'"#;*# &"-*+4'-*3#7&-%#-%*#046)6-&6"#68#STN.#'"3#-4'".064-'-&6"#.-45,-54*#

'3D5.-)*"-.9#A%&.# '0046',%#76513#*"4&,%# -%*#KTi#'.# '#E+4**"#'"3# 167F,'4;6"#

3*)6".-4'-&6"#R6"*(t#1*'3&"+#-6#.5;.-'"-&'1#)&-&+'-&6"#68#'&4#06115-'"-.#'"3#$X?9#Q5,%#

'#,6",*0-#,6513#.*4/*#'.#'#,45,&'1#0'-%7'2#864#3*/*160&"+#+4**"#'"3# 167F,'4;6"#

-4'".064-'-&6"#.2.-*).#&"#1'4+*#,&-&*.9#

b67*/*4(# &-_.#*..*"-&'1#-6#',Z"671*3+*#-%'-#KTi#&)01*)*"-'-&6"#,'"#;*#,6)01&,'-*3#

'"3#)'2#4*<5&4*# 1*+'1#.50064-#'"3#-%*#*.-';1&.%)*"-#68#'",&11'42# &"84'.-45,-54*# &"#

'3/'",*9#A%*4*864*(#,'4*851#,6".&3*4'-&6"#68#'11# .-'Z*%613*4.#'"3# -%*&4#,6",*4".#

.%6513#;*#-'Z*"# &"-6#',,65"-#;*864*# &)01*)*"-'-&6"9#:64*6/*4(#32"')&,#-4',Z&"+#

'"3#-%6465+%#*/'15'-&6"#'4*#"*,*..'42#;6-%#;*864*#'"3#354&"+# &)01*)*"-'-&6"#-6#

*".54*# &-.#*88*,-&/*"*..9#U"#',,54'-*#/*%&,1*# &3*"-&8&,'-&6"#'"3#*)&..&6"#',,65"-&"+#

.2.-*)#&.#'#.&+"&8&,'"-#04*4*<5&.&-*#864#*".54&"+#-%*#061&,2_.#'5-%64&-29#A6#.5,,*..85112#

&)01*)*"-#KTi.(#*8864-.#.%6513#;*#)'3*#-6#)&"&)&R*#-%*#.&3*#*88*,-.#68#-%*#061&,2#6"#

4*.&3*"-._#1&/*.9#A%&.#,'"#;*#',%&*/*3#;2#,6"-&"565.12#3*/*160&"+#05;1&,#-4'".064-'-&6"#

60-&6".#'"3#046)6-&"+#68#"6"F)6-64&R*3#-4'".064-'-&6"#.5,%#'.#;&Z&"+#'"3#7'1Z&"+(#

-6#&)046/*#-4'/*1#,6"/*"&*",*#864#4*.&3*"-.9
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A%*#'5-6)6-&/*#)'4Z*-# &"#$%&"'#%'.#7&-"*..*3#4*)'4Z';1*#+467-%#6/*4#-%*#

0'.-# -%4**#3*,'3*.(#35*# -6#.&+"&8&,'"-# .6,&6*,6"6)&,#3*/*160)*"-#'"3#

54;'"&R'-&6"9#`%&1*# 4'0&3#)6-64&R'-&6"#%'.#;465+%-#/'4&65.#;*"*8&-.(# .5,%#

'.# &"35.-42#50+4'3&"+(#.6,&'1#046+4*..(#'"3#-4'/*1#,6"/*"&*",*(# &-#%'.#'1.6#

06.*3#.5;.-'"-&'1#,%'11*"+*.#4*1'-*3#-6#'&4#06115-&6"(#05;1&,#%*'1-%(#*"*4+2#

.*,54&-2(#'"3#,1&)'-*#,%'"+*9#f*,6+"&R&"+#-%*# &..5*#68#'&4#06115-&6"#,'5.*3#

;2#/*%&,1*#*)&..&6".# &"# -%*#)&3FHII\.(#$%&"'# -66Z#,5*.# 846)#.5,,*..851#

*B0*4&*",*.#&"#3*/*160*3#,65"-4&*.#'"3#*);'4Z*3#6"#'#D654"*2#68# 1*'4"&"+#

'"3#&)046/*)*"-9#

X/*4#-%*#1'.-#?\#2*'4.(#$%&"'#%'.#&)01*)*"-*3#'#.*4&*.#68#',-&6".#'"3#01'".#-6#

-',Z1*#-%*#,%'11*"+*.#&",153&"+#,6"-&"565.#50+4'3*.#-6#*)&..&6"#.-'"3'43.(#

&)046/*)*"-.# &"#85*1#<5'1&-2(# &"F5.*#/*%&,1*#*)&..&6"#,6"-461(#046)6-&6"#68#

STN.(#'"3#60-&)&R'-&6"#68#-4'88&,#)'"'+*)*"-9#$6".*<5*"-12(#'"#&"-*+4'-*3#

,6"-461# .2.-*)#*",6)0'..&"+# t/*%&,1*F85*1F-4'88&,t#7'.#3*/*160*3#'"3#

046+4*..&/*12# 4*8&"*39#A%*.*#*8864-.#%'/*#;**"# .5,,*..851# &"#*88*,-&/*12#

)&-&+'-&"+#/*%&,1*#*)&..&6".(#3*.0&-*#'#.&+"&8&,'"-# &",4*'.*#-%*#"5);*4#68#

/*%&,1*.#1*'3&"+#-6#-%*#.5,,*..851#3*,6501&"+#68#)6-64&R'-&6"#846)#-%*#+467-%#

68#6"F46'3#*)&..&6".9

S"33/.5

7.1
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'"3#85*1#<5'1&-2# &"#$%&"'9#U.#'#4*.51-(#C*&D&"+_.#*B0*4&*",*#%'.#&"815*",*3#-%*#"'-&6"7&3*#.&)51-'"*65.#

&)01*)*"-'-&6"#68#*)&..&6"#'"3#85*1#<5'1&-2#.-'"3'43.# &"#-%*#$%&"'#W^N#*)&..&6"#.-'"3'43.#'"3#-%*#

5"&8&,'-&6"#68#6"F46'3#'"3#"6"F46'3#3&*.*1#85*1#.-'"3'43.#&"#-%*#$%&"'#]^N!#.-'+*9

X/*4#-%*#1'.-#?\#2*'4.(#-%*#.2",%46"&R*3#-&+%-*"&"+#68#*)&..&6"#'"3#85*1#<5'1&-2#.-'"3'43.#%'.#)'3*#-%*#

)6.-#.&+"&8&,'"-#,6"-4&;5-&6".#-6#/*%&,1*#*)&..&6"#)&-&+'-&6"#&"#C*&D&"+(#',,65"-&"+#864#JPa(#JVa(#]]a(#

'"3#WWa#68#-%*#4*35,-&6"#&"#6"F46'3#$X(#b$(#SXc(#'"3#d:?9W(#4*.0*,-&/*129#

6&1:2,+(#-:%$&1<2#1#(,+,&-($-)$0#"&*2#$#1&%%&-($+(8$
):#2$?:+2&,@$%,+(8+/8%

EF
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!"#4*'1F76413#.,*"'4&6.(#/*%&,1*#*)&..&6".#68-*"#*B,**3#0*4)&..&;1*#1&)&-.(#)'Z&"+#*88*,-&/*#.50*4/&.&6"#68#

&"F5.*#81**-.#,45,&'1#864#6"F46'3#*)&..&6"#,6"-4619#X/*4#-%*#,654.*#68#-76#3*,'3*.(#$%&"'#%'.#3*/*160*3#

'#,6)04*%*".&/*#&".0*,-&6"#.2.-*)#-%'-#&"-*+4'-*.#)51-&01*#-*,%"&,'1#)*'".#864#&"F5.*#/*%&,1*.(#'16"+#

7&-%#'#4*+51'4#.50*4/&.&6"#)*,%'"&.)9

A6#.-4*"+-%*"#-%*# !^:#046+4')(#C*&D&"+#%'.#,6"-&"565.12#'360-*3#'3/'",*3#-*,%"616+&*.#-6#3*-*,-#

*B%'5.-#,6)06"*"-.#68# &"F5.*#/*%&,1*.9#S6-';12(# &"#HIII(# -%*#,&-2# 4*/&.*3#-%*#-76F.0**3# &31*# -*.-#

)*-%63#'"3#.-'"3'43#1&)&-.#864#"*7#$%&"'#H#/*%&,1*.9#Q5;.*<5*"-12(#-%*#)64*#.-4&"+*"-#',,*1*4'-&6"#

.&)51'-&6"#)63*#)*-%63#7'.#85112#&)01*)*"-*3#&"#?\\V(#7&-%#503'-*.#-6#*)&..&6"#.-'"3'43.9#>64#&"F5.*#

3&*.*1#/*%&,1*.(#C*&D&"+#&"-4635,*3#'#15+F367"#-*.-#&"#?\\V(#854-%*4#-&+%-*"&"+#.)6Z*#*)&..&6"#1&)&-.9#A%*#

&)01*)*"-'-&6"#68#-%*.*#'3/'",*3#)*-%63.#'"3#.-4&,-*4#*)&..&6"#1&)&-.#%'.#.&+"&8&,'"-12#&)046/*3#-%*#

&3*"-&8&,'-&6"#68#%&+%#*)&--*4.9

!"#4*,*"-#2*'4.(#C*&D&"+#%'.#*"%'",*3# &-.# 4*'1F76413#*)&..&6"#)6"&-64&"+#.2.-*).#;2#046)6-&"+#-%*#

'001&,'-&6"#68#'3/'",*3#.50*4/&.&6"#-*,%"616+&*.#'"3#',,*1*4'-&"+#-%*#,6".-45,-&6"#68#.50*4/&.&6"#

01'-864).9#U#4'"+*#68#'3/'",*3#-*,%"616+&*.(# &",153&"+#46'3.&3*#4*)6-*#.*".&"+(#064-';1*#*)&..&6"#

)*'.54*)*"-#.2.-*).#=dT:Q@(#'"3#4*)6-*#6"F;6'43#3&'+"6.-&,.# =XCL@#-*.-.(#%'/*#;**"#*)0162*3#

&"#C*&D&"+9# !"#0'4-&,51'4(#XCL#%'.#;**"#5-&1&R*3# -6#)6"&-64# -%*#,6)01&'",*#68# &"F5.*#%*'/2#35-2#

3&*.*1#/*%&,1*.#35*#-6#,6",*4".#';65-#4*'1F76413#SXc#*)&..&6".9#Q&",*#?\He(#C*&D&"+#%'.#0&16-*3#-%*#

XCL#4*-468&-# 864#$%&"'# !N#'"3#$%&"'#N# &"# &"F5.*#%*'/2F35-2#-45,Z.(# 4*<5&4&"+#-%*# &".-'11'-&6"#68#XCL#

3*/&,*.9#f*+51'-&6".#4*+'43&"+#XCL#&".-'11'-&6"#'"3#3'-'#-4'".)&..&6"#'-#-%*#$%&"'#N!# 1*/*1#7*4*#'1.6#

&)01*)*"-*3#&"#'3/'",*9#U.#'#4*.51-(#'"#6"1&"*#)6"&-64&"+#01'-864)#7&-%#H\\(\\\#&"F5.*#%*'/2F35-2#

/*%&,1*.#%'.#;**"#*.-';1&.%*39

A%*#5.*#68#067*4851#'"3#*88&,&*"-# 4*)6-*#XCL#-*,%"616+2(#%'.# 1*3#-6#'#W\FJ\a#4*35,-&6"# &"#SXc#

*)&..&6"# 1*/*1.# 864#C*&D&"+_.#%*'/2F35-2#3&*.*1#/*%&,1*.#=bLLN.@#,6)0'4*3#-6#$%&"'#N#-45,Z.#7&-%65-#

XCL#)6"&-64&"+9#A%&.#.&+"&8&,'"-#4*35,-&6"#&"#SXc#*)&..&6".#%'.#,6"-4&;5-*3#-6#)&-&+'-&"+#d:?9W#'"3#SX?#

06115-&6"9#>54-%*4)64*(#-%*#SXc#*)&..&6".#846)#3&*.*1#-45,Z.#&"#C*&D&"+#3*,4*'.*3#;2#PVa#,6)0'4*3#-6#

?\HJ(#.540'..&"+#$'1&864"&'_.#4*35,-&6"#846)#?\H\#-6#?\?\#	_VJa@9#$6".*<5*"-12(#SX?#,6",*"-4'-&6".#&"#

C*&D&"+#3*,4*'.*3#;2#VJa#6/*4#-%*#-%4**#2*'4.(#)**-&"+#'&4#<5'1&-2#.-'"3'43.#864#-%*#8&4.-#-&)*#&"#?\HI9

C(,#'/+,&-($-)$1:2,&<2#$+80+(*#8$,#*"(-2-'&#%$)-/$
#1&%%&-($1-(&,-/&('$-)$&(H:%#$0#"&*2#%

EG
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f*.%'0&"+#05;1&,#-4'".064-#.2.-*).#'"3#*",654'+&"+#.5.-'&"';1*#+4**"#-4'/*1#)63*.#'4*#85"3')*"-'1#

)*'.54*.# 864#,&-&*.# -6#3*/*160#+4**"#'"3# 167F,'4;6"#-4'".064-'-&6"#.2.-*).#354&"+#54;'"&R'-&6"#

046,*..9#$&-&*.(#1&Z*#Q%'"+%'&#'"3#C*&D&"+(#01',*#.&+"&8&,'"-#*)0%'.&.#6"#60-&)&R&"+#05;1&,#-4'".064-'-&6"#

.2.-*).#'"3#"6"F)6-64&R*3#-4'/*1#)63*.#-6#,60*#7&-%#-%*# &",4*'.&"+#-4'".064-'-&6"#3*)'"3#7%&1*#

-4'".&-&6"&"+#-6#*88&,&*"-(#+4**"(#'"3#167F,'4;6"#-4'".064-'-&6"9

Q%'"+%'&(#'.# -%*#0&6"**4# &"#$%&"'(#*.-';1&.%*3#-%*#Ed4&64&-&R&"+#d5;1&,#A4'".064-G# .-4'-*+2#'.#'#Z*2#

,6)06"*"-#68# 54;'"#3*/*160)*"-9#U16"+#7&-%#54;'"# '"3# -4'".064-#01'""&"+(# Q%'"+%'&#%'.#

&)01*)*"-*3#'#.*4&*.#68#061&,&*.#-6#3*/*160#.5;7'2.(#60-&)&R*#;5.#465-*.(#'"3#046)6-*#05;1&,#'"3#

"6"F)6-64&R*3#-4'".064-9#$6501*3#7&-%#-%*#4*.-4&,-&/*#061&,2(#-%*.*#*8864-.#%'/*#.&+"&8&,'"-12#&)046/*3#

-%*#54;'"#-4'".064-'-&6"#.-45,-54*#'"3#*88*,-&/*12#'11*/&'-*3#-4'88&,F4*1'-*3#*"/&46")*"-'1# &..5*.9#X/*4#

-%*#2*'4.(# -%*#046064-&6"#68#05;1&,# -4'".064-# &"#'11#)6-64&R*3#-4'/*1# &",4*'.*3#846)#PVa#&"#?\\\#-6#

PJa#&"#?\?\9#d4*.*"-12(#Q%'"+%'&_.#.5;7'2# 1&"*.#,6/*4#6/*4#J\\#Z)(#'#-*"8613# &",4*'.*#,6)0'4*3#-6#

?\\\9#A%*#,&-2#;6'.-.#'0046B&)'-*12#W\\#Z)#68#;5.F6"12# 1'"*.(#'"3#;5.#.-60.#'4*#85112#,6/*4*3#7&-%&"#

'#V\\#)#4'3&5.# &"#-%*#,*"-4'1#'4*'9#>54-%*4)64*(#/*%&,1*#67"*4.%&0#3*".&-2# &"#Q%'"+%'&# &.#,6"-4611*3#

'-#'0046B&)'-*12#He\#/*%&,1*.#0*4#H(\\\#0*601*(#-%*# 167*.-#')6"+#36)*.-&,#)*+',&-&*.#7&-%#.&)&1'4#

MLd#0*4#,'0&-'9#S6-';12(#&"#-%*#0'.-#-76#3*,'3*.(#Q%'"+%'&#%'.#.5,,*..85112#861167*3#'#+4**"#'"3#167F

,'4;6"#-4'".064-'-&6"#3*/*160)*"-#0'-%(#,6);&"&"+#-%*#05;1&,#-4'".064-'-&6"#04&64&-2#.-4'-*+2#7&-%#

,6)04*%*".&/*#,6"-461#68#-4'3&-&6"'1#/*%&,1*#*)&..&6".9

$%&"'k.#84*&+%-#.-45,-54*#%*'/&12#4*1&*.#6"#46'3#-4'".064-9#A%*#EA%4**Fg*'4#U,-&6"#d1'"#864#`&""&"+#-%*#

C15*FQZ2#L*8*".*G#'"3#-%*#EA%4**Fg*'4#U,-&6"#d1'"#864#d46)6-&"+#A4'".064-'-&6"#Q-45,-54*#U3D5.-)*"-G#

%'/*#01'2*3#'#,45,&'1# 461*# &"#'3D5.-&"+#-%*#-4'".064-'-&6"#.-45,-54*#-6#,6"-461#3&*.*1#-45,Z#06115-&6"9#

A6#046)6-*# -%*#E46'3# -6# 4'&1_# '"3#E46'3# -6#7'-*4G# .%&8-# 864#;51Z#,'4+6# -4'".064-'-&6"(#+6/*4")*"-#

3*0'4-)*"-.#%'/*# &)01*)*"-*3#.*/*4'1#*,6"6)&,#)*'.54*.#'"3#061&,&*.#.50064-&"+# &"84'.-45,-54*#

,6".-45,-&6"9#A%*.*#*8864-.#%'/*#1*3#-6#'#"6-';1*#,%'"+*#&"#-%*#04*36)&"'",*#68#46'3#-4'".064-'-&6"9#

A%*#.%'4*#68#4'&17'2#,'4+6#-4'".064-'-&6"#%'.#+467"(#7&-%#'"#'""5'1#'/*4'+*#+467-%#4'-*#68#"*'412#Ja#

846)#?\HJ#-6#?\?\(#7%&1*#-%*#.%'4*#68#46'3#,'4+6#-4'".064-'-&6"#3*,4*'.*3#846)#Jea#&"#?\HJ#-6#JPa#&"#

?\?\9#U33&-&6"'112(#-%*#-4'".064-'-&6"#.-45,-54*#68#;51Z#+663.#&"#,6'.-'1#064-.# &"#-%*#C6%'&#f&)#4*+&6"#

'"3#g'"+-R*#f&/*4#L*1-'#%'.#;**"#.&+"&8&,'"-12#60-&)&R*39#b67*/*4(#,6)0'4*3#-6#-%*#046064-&6"#68#

4'&17'2#84*&+%-(#7%&,%#7'.#%&+%*4#-%'"#V\a#&"#HIe\(#-%*#'3D5.-)*"-#68#-%*#-4'".064-'-&6"#.-45,-54*#&.#.-&11#

&"#&-.#&"&-&'1#.-'+*9

A))#*,&0#(#%%$-)$VO/&-/&,&7&('$O:.2&*$!/+(%<-/,W$%,/+,#'@$
+(8$-<,&1&7+,&-($-)$)/#&'",$,/+(%<-/,+,&-($%,/:*,:/#%$

EI
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Y22H/-:(8$8#0#2-<1#(,$$+(8$</-1-,&-($-)$SAZ%EJ

A%*#046)6-&6"#68#STN.#%613.#.&+"&8&,'"-#;*"*8&-.# &"#4*35,&"+#06115-'"-.#'"3#,'4;6"#*)&..&6".9# !-# &.#

,45,&'1# 864#$%&"'#-6#3*/*160#,1*'"#'"3#*88&,&*"-#)63*4"#*"*4+2#.2.-*).#-6#',%&*/*#'#+4**"#'"3#167F

,'4;6"#&"35.-4&'1#-4'".864)'-&6"(#'1&+"&"+#7&-%#&-.#16"+F-*4)#+6'1.#68#,1*'"#'&4#'"3#,'4;6"#"*5-4'1&-29

Q%*"R%*"#&.#6"*#68#-%*#8&4.-#,&-&*.#-6#',-&/*12#046)6-*#STN.#'"3#%'.#;**"#4*,6+"&R*3#'.#-%*#E$'0&-'1#68#

T1*,-4&,#N*%&,1*.#&"#-%*#`6413G#864#.&B#,6".*,5-&/*#2*'4.9#$544*"-12(#Q%*"R%*"#%'.#.5,,*..85112#&"-4635,*3#

"*'412#P\\(\\\#STN.(#',,65"-&"+#864#HHa#68# &-.#-6-'1#/*%&,1*#.-6,Z9#S6-';12(#-%*#,&-2#;6'.-.#-%*#%&+%*.-#

*1*,-4&8&,'-&6"#4'-*#')6"+#'11#)*+',&-&*.# &"#$%&"'9#Q%*"R%*"#'1.6#.-'"3.#65-#'.#-%*#76413_.#8&4.-#,&-2#-6#

',%&*/*#,6)01*-*#*1*,-4&8&,'-&6"#68#;5.#'"3#-'B&#81**-.(#7%&1*#&-.#"5);*4#68#*1*,-4&,#-45,Z.#%'.#,6".&.-*"-12#

4'"Z*3#8&4.-#+16;'112#864#-%*#0'.-#8&/*#2*'4.9#

A%*# 4'0&3#3*/*160)*"-#68#*1*,-4&,#/*%&,1*.# &"#Q%*"R%*"#,'"#;*#'--4&;5-*3#-6# -%*#,6)04*%*".&/*#

,6".-45,-&6"#68#.50064-&"+#.2.-*).#'"3#'#7*11F01'""*3#STN#&"35.-42#1'265-9#X/*4#-%*#0'.-#3*,'3*(#-%*#

,&-2#%'.# &..5*3#)64*#-%'"#V\#.-'"3'43.#'"3#'3)&"&.-4'-&/*#451*.#3&4*,-12#4*1'-*3#-6#STN.9#U33&-&6"'112(#

'#,6)04*%*".&/*#.50064-#.2.-*)#%'.#;**"#*.-';1&.%*3(# &",153&"+#3*/*160)*"-#01'""&"+(#.-'"3'43#

.0*,&8&,'-&6".(# 8&"'",&'1#.5;.&3&*.(#'"3# &"84'.-45,-54*#,6".-45,-&6"9#Q%*"R%*"#%'.# &"-4635,*3#3&/*4.*#

.5;.&32#'"3#&",*"-&/*#)*'.54*.#864#STN.(#,6/*4&"+#3&88*4*"-#'.0*,-.#68#-%*#1&8*#,2,1*#&",153&"+#054,%'.*(#

5.'+*(#&"84'.-45,-54*(#'"3#;'--*42#4*,2,1&"+9#>&.,'1#&",*"-&/*.#%'/*#01'2*3#'#,45,&'1#461*#&"#046)6-&"+#STN#

'360-&6"#&"#-%*#,&-29#>54-%*4)64*(#Q%*"R%*"#%'.#.-4'-*+&,'112#86,5.*3#6"#-%*#1'265-#68#-%*#"*7#*"*4+2#

&"35.-42(#%6.-&"+#6/*4#?(\\\#STNF4*1'-*3#*"-*404&.*.(#)'Z&"+#&-#6"*#68#-%*#,&-&*.#7&-%#-%*#%&+%*.-#3*".&-2#

68#STN#,6)0'"&*.#+16;'1129

A%*#4'0&3#3*/*160)*"-#68#STN.#&"#Q%*"R%*"#%'.#;*,6)*#'#,45,&'1#,6)06"*"-#&"#',%&*/&"+#-%*#,&-2_.#

16,'1#,1*'"F'&4#',-&6"#01'"(#Z"67"#'.#EQ%*"R%*"#C15*G9#Q&",*#?\HP(#SX?#,6",*"-4'-&6".# &"#Q%*"R%*"#

%'/*#.&+"&8&,'"-12# &)046/*3(#7&-%#VWa#68#-%&.# &)046/*)*"-#'--4&;5-*3#-6#81**-#*1*,-4&8&,'-&6"9#A%*#,&-2#

'"-&,&0'-*.#-%'-#854-%*4#1'4+*F.,'1*#046)6-&6"#68#STN.#7&11#,6"-&"5*#-6#*"%'",*#&-.#'&4#<5'1&-2(#&",153&"+#

,6643&"'-*3#,6"-461#68#d:?9W#'"3#XV#06115-&6"9#A%&.#.%&8-#-67'43.#STN.#&.#*B0*,-*3#-6#)&"&)&R*#%*'1-%#

4&.Z.#864#4*.&3*"-.#7%&1*#.5;.-'"-&'112#,6"-4&;5-&"+#-6#-%*#7%61*#1&8*F,2,1*#4*35,-&6"#68#MbM#*)&..&6".#

846)#6"F46'3#-4'88&,9
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>&0#/%&)&*+,&-($-)$,/+(%<-/,+,&-($#(#/'@$+(8$+<<2&*+,&-($
-)$.&-):#2%$

EL

3&'H8+,+$&(,#22&'#(,$,/+(%<-/,+,&-($%@%,#1$</-1-,#%
$</#*&%#$0#"&*2#$#1&%%&-($*-(,/-2

EP

C&685*1.#01'2#'"#&)064-'"-#461*#&"#$%&"'_.#054.5&-#68#3&/*4.&8&*3(#,1*'"(#'"3#167F,'4;6"#-4'".064-'-&6"#*"*4+29#

X/*4#-%*#0'.-#-76#3*,'3*.(#$%&"'#%'.#',-&/*12#,6"35,-*3#0&16-#'001&,'-&6".#68#;&685*1.#864#/*%&,1*.9# !"#

4*,*"-#2*'4.(#-%*4*#%'.#;**"#'#,6".-'"-#046)6-&6"#68#*-%'"61#+'.61&"*#-6#60-&)&R*#-%*#*"*4+2#.-45,-54*(#

&)046/*#-%*#*,616+&,'1#*"/&46")*"-(#4*35,*#$X?#*)&..&6".(#'"3#'334*..#6/*4.-6,Z*3#'+*3#+4'&".9#!"#?\HJ(#

HW#)&"&.-4&*.(#&",153&"+#-%*#S'-&6"'1#L*/*160)*"-#'"3#f*864)#$6))&..&6"(#&..5*3#36,5)*"-.#-6#046)6-*#

*-%'"61#+'.61&"*(#'"3#-%*#6/*4'11#.-45,-54*#68#-%*#*-%'"61#&"35.-42#864#;&685*1#04635,-&6"#7'.#&3*"-&8&*39#

d4*.*"-12(#TH\#*-%'"61#+'.61&"*#&.#.613#&"#HW#046/&",*.#&"#$%&"'#'-#/'42&"+#.,'1*.(#7&-%#'#04606.*3#.50012#68#

"*'412#V#)&11&6"#-6""*.#68#;&6*-%'"619

A6#'334*..#-%*#8663#.'8*-2#&..5*#'4&.&"+#846)#-%*#4*5.*#68#7'.-*#,66Z&"+#6&1#=E+5--*4#6&1G@(#Q%'"+%'&#%'.#

*.-';1&.%*3#'#,16.*3F1660#)'"'+*)*"-#.2.-*)#864#-%*#*"-&4*#&"35.-42#,%'&"#68#7'.-*#,66Z&"+#6&1#-4*'-)*"-9#

A%&.#.2.-*)#,6/*4.#/'4&65.#'.0*,-.#68#-%*#046,*..(#.5,%#'.#,611*,-&6"(#-4'".064-'-&6"(#.-64'+*(#3&.06.'1(#'"3#

'001&,'-&6"#68#+5--*4#6&19#Q%'"+%'&#%'.#.5,,*..85112#'001&*3#CW#'"3#CH\#;&63&*.*1#6"#'#1'4+*#.,'1*#&"#;5.*.#'"3#

%*'/2F35-2#/*%&,1*.9#d4*.*"-12(#-%*#')65"-#68#7'.-*#,66Z&"+#6&1#,611*,-*3#&"#Q%'"+%'&#*B,**3*.#?\\#-6""*.#
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