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7 Transportation
7. #ik

City transportation systems are designed to move people and goods within and beyond city borders.
Transport vehicles and mobile equipment or machinery produce GHG emissions directly by combusting
fuel or indirectly by consuming grid—delivered electricity.

EHHEE S AT LIE HTOERAARVERZBATARVYZBRHSELHICTHAINTNS,



ik B (transport vehicles) & U B 5% s X (& B4 (mobile equipment or machinery) (. BAKI & A
BESE BT ETEEBNICXIE VYRR E DD B EICLYRBEMNIZ GHG SEHE£ 4 LaE 5,

Requirements in this chapter:
ZDF v TA—NDEREIE

For BASIC:

Cities shall report all GHG emissions from combustion of fuels in transportation occurring within the city boundary
in scope 1, and GHG emissions from grid-supplied electricity used for transportation within the city boundary for
transportation in scope 2.

BASIC 54 :

EmhiE, BMIERRNTELCZEEICHITIRBOMENDD GHG HFHEEZX0—T1 T, £/, FHIEFRADHE
[ZRIAEN BT IRBHAE HAnD GHG BEtH 8% X0— 72 THELAT AUELEBA (shall),

For BASIC+:

Cities shall report all BASIC sources and scope 3 GHG emissions associated with transboundary transportation.
BASIC+DI54 -

1L TO BASIC HHH R R NEREB A CHSRAI— 3B H 2L HE LT MIZERSA(shal),

7.1 Categorizing transportation emissions by scope
7.1 RO—Fz&2EEHEHEDHTE

City transit via road, rail, water or air can either be wholly contained within the city boundary (e.g., a city-only bus
route) or, more often, will cross city boundaries into neighboring communities. There are typically four types of
transboundary trips:

B, 8. B LERORZEFESTHOBEL. BHRARNICTLIZEENS (B, EHOAHAD/NZAERER) A XU,
FUELDGE. B HEBEREBATHELZIZAZTA—ITAIHIOVWTNANTHD, HHEBALHIIZX, —#&
HIZ4DDIEFEN DD,

. Trips that originate in the city and terminate outside the city

. Trips that originate outside the city and terminate in the city

. Regional transit (typically buses and trains) with an intermediate stop (or multiple stops) within the city
. Trips that pass through the city, with both origin and destination outside the city
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Unlike stationary emission sectors, transit by definition is mobile and can pose challenges in both accurately
calculating emissions and allocating them to the cities linked to the transit activity. But a transportation sector GHG
inventory can be a vital metric that shows the impact of transportation policies and mitigation projects over time.
While cities have varying levels of control or influence over regional transportation policies and infrastructure
decisions that affect the transit routes of their city, a transportation inventory should inform and support actions
that can influence emission reductions.

BIEHHEI2—LERY, BEIX. TDRDERY, AIEELHY. N OBHEDERGEERUHE)ESICEEYT
LEMADEHEOR D NAICENT, #BEEL=07T, oL, EEtEI2—0 GHG AU RUNIE, BRFRIICES
BEREROEMTOC ML EERITBOTCERLNRER T D, #BHE HHOBEIIL—NIZELEZ Dl
BHBER ROV TTREICRRGLNILOEE X IHLEER TN, BEAUA_UNIE, BEHHIREICREZH-
ZbNBITEIET DY, Hh D, T 2DOMEFELL\(should),

Depending on the available data and objectives of the inventory, different methods can be used to quantify and
allocate transportation emissions. The methods most commonly used for transportation modeling and planning vary
in terms of their “system boundaries,” or how the resulting data can be attributable to a city’s geographic
boundary and thus the GPC scopes framework. The GPC does not require a specific calculation method for each
transport mode, and therefore the emissions reported in each scope will likely vary by method. As with other GPC
emissions sectors, reporting transport emissions in either scope 1 (territorial) or 3 should only reflect emissions
from combustion—-only emissions. The upstream emissions from fuels used (including exploration of mineral ol
refinery processes, etc.) may be reported in Other Scope 3.

AFAGT—ERVAVRUNO BB DZENIEY, SESFLFE(dfferent methods) ZEiXHFHEDEE LRV
RN IENTED, EMEDETIVT RUSTEERICRL—MRPICAOLNDIF AR TOTOATLRER
XIE BHEBEROT =2, EOLIIETOMIRRIER . > TGPCDRI—TIL—LD—J ISERT IO DEH R
w5, B9 H, GPC TIE, RENEFEITODVWTORENHEEFEEROTHELT ., oT HFEAI—TTHEIND
BEHE(E, FARCKYELTHAIREMEN S, D GPC HEHEw/A2—LRERIC, RO—F1 (AR XEXa2—7
3NN TOHXBEHEOHMEEZ. BMEOADHHENSDBHEDHE R T HOMNEELL (should),  (FE#
SHOERPE. B TOERFEZE0) FASNBRHILO ERFEEFMMORAI—T3THETHIENTES,

Transportation emissions accounting should reflect the following scopes:
A HEHEEEE L TORO—T2 kMY 5,

Scope 1: Emissions from transportation occurring in the city

Scope 1 (territorial) includes all GHG emissions from the transport of people and freight occurring within the city
boundary.

AO—1  BIATEL-EBENSOBHE

AO—F1(FEER)ICE, BHIERARNTECZANTEYOHENSDETO GHG i ELNFEND,



Scope 2: Emissions from grid—supplied electricity used in the city for transportation

Scope 2 includes all GHG emissions from the generation of grid—supplied electricity used for electric-powered
vehicles. The amount of electricity used should be assessed at the point of consumption within the city boundary.
AA—T2: A DO=HIZEHATEASh =T IVREHEE I L0HHE

AO=T212F, EXEBHEOEHICHERASINETIIRBIEE NDOFRKENODLTOH GHG HFHENEFN D,

Scope 3: Emissions from the portion of transboundary journeys occurring outside the city, and transmission and
distribution losses from grid—supplied energy from electric vehicle use

This includes the out-of-city portion of all transboundary GHG emissions from trips that either originate or terminate
within the city boundaries. This may include the out-of-city portion of on-road transit that burns fuel, or any out-
of-city stops for an electric railway.

A= 3 BHN CECEEREBCHEB MO HERVESEEINLOTVYREIEE HDEEEOR
CHIZE, FHDOERNTIHE DI XITKEOLIHEENSDETHDEREEC CGHG FrHEDEHHNOIBONEEND,
CHUZIE, BREE RO T 2B HEDOH T AADE D X, EXHKEDH TADEFEFNEEND,

The transportation emissions from large regional transit hubs (e.g., airports or seaports) serving the city, but
outside of the geographic boundary, should be counted in scope 3. These emissions are driven by activities within
the city and should be included to provide a more holistic view of the city's transportation sector. Emissions from
energy use at buildings or facilities related to transportation, such as docks, mass transit stations, airports and
marine ports, should be reported in Stationary Energy sector.

#iIZ—ERZHIGT 20, HIEIERDINIH DR E G EE I/ NT (B, Z2HEXIEH) o0& EHEHE(F XD
—T3TEESNDEONEELL (should), ThoDHEHEE, FATARDTEICLYE oSN, D, BT OHEEY
2—DEYL R REERE T 2-OIZEDHDIDHNLEELL\(should), #EZH (docks), KREHIEER, ZZHE, BED
K57, EREICEET AEEY XNEEH TOIRILF—FANMOOFHEEE, BEIRILF—EI/2—THEINDD
AEFELL(should),

These emission sources and their scope categorization are summarized in Table 7.1.
BEHBRRUVZORI—TOHHEIE & 7.1 ICHRSh TS,



Table 7.1 Transportation Overview

TRANSPORTATION

On-road transportation
Railways

Water transport
Aviation

Off-road transportation

Emissions from
fuel combustion
for transportation

occurring in the city

I1.1.1

11.2.1

11.3.1

11.4.1

11.5.1

Sources required for BASIC reporting

+ (0 Sources required for BASIC+ reporting

Table 7.1 Transportation Overview

& 7.1 EREOHE

Emissions from
consumption of grid-
supplied energy for in-
boundary transportation

11.1.2
{1222
11.3.2
11.4.2

(352

Emissions from portion of transboundary
journeys occurring outside the city, and
transmission and distribution losses from
grid-supplied energy

113
11.2.3
11.3.3

1.4.3

Sources included in Other Scope 3

GHG Emission Source Scope 1 Scope 2 Scope 3

GHG HEHR Aa—1 A3—72 A3—73

TRANSPORTATION Emissions from fuel Emissions from Emissions from portion of

E combustion for consumption of grid- transboundary journeys occurring

transportation occurring

supplied energy for in—-

outside the city, and transmission and

in the city boundary transportation distribution losses from grid—supplied
EHHATOEED=HD | BERAEED=HDYT) | energy
PREVBRGEONSDHEE = YRS T RILF—DH AN TCOERTEBENEREOE D
ENSDHHE Mo, RUCT)YREE T RILF—0D
DEBLEORANSOHEH =

On-road transportation

ASEEE 1.1 1.2 I1.1.3

Railways

o 1.2.1 .2.2 11.2.3

Water transport

oK _E Bt I1.3.1 1.3.2 11.3.3

Aviation

gz 1.4.1 .4.2 11.4.3

Off-road transportation 5.1 5.2

AP LA P

7.2 Defining transport modes

1.2 BEFEROESE

The GPC categorizes emission sources in the transportation sector by transit mode, including:
GPC TlE, BEIFERICKVELE I 2—DHHBEZDFEL TS, THIZIELTRAEENS:

- On-road transportation, including electric and fuel-powered cars, taxis, buses, etc.

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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- Railway, including trams, urban railway subway systems, regional (inter—city) commuter rail transport, national rail
system, and international rail systems, etc.

- Water—-borne transportation, including sightseeing ferries, domestic inter—city vehicles, or international water-
borne vehicles.

- Aviation, including helicopters, domestic inter—city flights, and international flights, etc.

- Off-road transportation, including airport ground support equipment, agricultural tractors, chain saws, forklifts,
snowmobiles, etc.
NEEE, CHIZE ERETRNEHBBE, 27— NAENEFEND,

- $RE. ISR, BEEE, #HmE. Rk i (o 2—> T BEtEE X, ENKERRUVERSE
HEnaEENs,
K LR, CAUCIE, EEM, A 22— T —EEF B BFK EEEFEAEEND,
22, CHIZ(E AVITE2— BRAVE2—2T—F. RUEBRESENEEND,
NENERE, SIS, ZESERARELEM BENIA— Fr—2V—(ERRAMEHER) . 74 —2UTN
R/ —E—ELFENEEND,

Cities should identify the applicable sub-categories within each transit mode, and report emissions for these sub-
categories as well as sub—sectors if data is available. Where possible, align the choice of methodologies across
different sub-sectors.

i, REEFEAOBERING Y THTI)—ZHEL. FLT—INAFTERIGEEE. FTEI2—LRKIC,
oY TATI)—DHEEEHmETLIONEELL (should), FIRERGZ AL, BRDYTEI2—THEDZER
EEAZD,

7.3 Calculating on-road transportation emissions

1.3. NEHEEHHEDHE

On-road vehicles are designed for transporting people, property or material on common or public roads,
thoroughfares, or highways. This category includes vehicles such as buses, cars, trucks, motorcycles, on-road
waste collection and transportation vehicles (e.g. compactor trucks), etc. Most vehicles burn liquid or gaseous fuel
in internal combustion engines. The combustion of these fuels produces CO2, CH4, and N20, often referred to
collectively as tailpipe emissions. Increasingly, electric or hybrid vehicles can also be charged at stations within or
outside the city. The methodology chosen for calculating on-road transportation emissions from fuel combustion
will impact how scope 1 (territorial) and scope 3 emissions are allocated for transboundary journeys. Scope 2
emissions should be calculated based on consumption at charging stations in the city boundary, regardless of the
trip destination. Charging stations might be at homes or workplaces that are already included in the Stationary
Energy sector. Cities should ensure that energy used for electric vehicle charging is separate from, and not double
counted with, energy used in these other Stationary Energy sub-sectors.

AEE T (on-road vehicles) (&, A IR IEHM B EHABEXIENE., FTEER. XEERER TOERED=HIZTH



AVENTWD, COATIV—ZE N BRAE, My A—b\A TIREE R UELEE (I, 232/ 0NSY
DNENEEND, ChoDBMBOBREEICLY, 2LDHE. i T T—AATITIv 3y (B R)(taipipe
emissions)EREEND CO, CHy B N.O BNELD, Fiz. ERXXINATUVRBEHEL, HHOFRUIHNDIFIETEX
BURTRETDENRRITHEDEIITE DTS, BREHRBENSD L EHA B BOF EISBINS A ER,
EDEINZZAI—TFT (FEEA) RUPR3—T 3 HIHENMEREBECHACROSNINHELH-2D, AO—T24F
HEE, EXBRHICHN DT HHERNOFTERXIVROEESICEDEHEINDIONEELL, FTERAL
URIE, BICEAR IR —EI2—(8FNTOBREXEES-hrhELNEN, #HhiE, EXEHENTEIC
FEhhizIRILF—E CNLOMDEE IR F—F T/ 2—THEAINZIRIILF—LFHIZRY, ShEZEE
EEINBNCEEEEIZLRIT TR,

7.3.1 Transportation methodology options

7.3.1 EEFAEOZERE

The GPC does not prescribe a specific method for calculating on-road emissions due to variations in data availability,
existing transportation models, and inventory purposes. However, cities should calculate and report emissions
based on one of four common methods36 identified in Figure 7.3 and described in Table 7.2, and shall clearly
document the methods used in the inventory reports. The GPC recommends cities use the induced activity
approach, as it provides results more suited to local policy making.

GPC Tl&k, T—2DAFIREME., BEFOEHEF ER VAU ARUNDOBHIDZEWNZELY, NEBFHEDHEDFEDF
FEERELTOEL, LHMLEAn, #lE. B 7.3 [CBARSH, & 7.2 ICREFH SN TLE4DO— KR FED—DIC
EOTHHEEABELMET 2ONEELL(should), =, 1URUNERETHWONF AL PREICXETHAL
BRI EiRidz(shall), GPC TiEk, #iAS, FFHEEN A% (induced activity approach) AN DB SR EIZLYE
LIfERER AT DI EM G, SFRIEFHH A (Induced activity approach) EFE R 5T EEHEELTLND,
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Figure 7.3 Methodology system boundaries

city boundary
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Fuel sales: the volume of fuel purchased within the city

boundary.

Typical geographic coverage for activity data from fuel distributors,

fuel sales tax receipts, and city-wide fuel statistics.

Induced activity: in-boundary trips and 50% of transboundary trips
that originate or terminate within the city boundary.

Typical geographic coverage for some U.S. travel demand models.

Geographic: all on-road travel occuring within the geographic boundary.

Typical geographic coverage for city border VKT surveys and some European

travel demand models.

Resident activity: a measurement of the transport activities of

city residents.

Typical geographic coverage for household surveys, vehicle registration data
(city or regional), and vehicle inspections (e.g., sample odometer readings).

Table 7.2 Boundary types and scopes allocation

® 1.2 BAOEERVCAI—T~0ERS

= (. USTHE
ETIL)

In-boundary trips and in-boundary
portion of all departing
transboundary trips (pass-

Method grl:ﬁ((:;)tlzm Scope 1 Scope 2 Scope 3
FiE BROER 23— 1 23—72 Z23—73
Not applioable Not applicable unless fuel
unless e .
- All emission from fuel sold within sales allocated between scope
Fuel Sales additional steps o
Approach taken boundary 1 and 3 by specified method
. . . BERRNTWRFEINZRENSDE PREHRSEENRFEDFIAIZK
[ SNz —
WRBREE | BMDFIREL | g . YZI—F1E30RTESER
SAEURY. Any electric FEY. AL
BRAEL, charging ¢ ~ R
In-boundary trips and in-boundary | station in the
City-induced portion of 50% of transboundary city boundary Out-of-boundary portion of
Activity (e.g. trips (pass—through trips exclude | ZFIEFRAND 50% of transboundary trip
US demand Origin- BERRNBERVEREENZES | TEM BEREBWNEEEID 50%05
models) Destination D 50%D56NERNERD GRIE BDEFR IR D
B RIEE REH BEILIRI SN D)

Out-of-boundary portion of
all departing transboundary
trips

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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through trips excluded)
BERRBEH R UVETOHRMMNE
RARNOEREZBEWNZEEOERN
B GEBBFHILRNA SN D)

2TOHEEMAERADIER
EBEWNEBEOERNDERD

Not applicable unless additional
steps taken
BIIDFIENESNERY,
BAZL

Geographic/
Territorial (e.g. All traffic occurring within city
European ) e

) boundaries, regardless of origin or
demand Not applicable o
models) - destination
HoIBHY /AR H F X d B g RS R A<, &R
(B, T—D1/< MERANTELZ2TOBEE
FEEETIL)

. Either resident activity is all
Resident : o L
Activity Options scope 1, or use origin—destination

D TRIEFHE ‘\Za—1
AREES T3y FREFBHEFLTHARI—T1ET

PRI, REMEFER

N/A or origin—destination
used
N/A X%, FEH%EF A

The methodologies for estimating transport emissions can be broadly categorized as top—down and bottom-up

approaches.

IMEHFHEDCEEDH AL, KEKEM TRV FERPRNAT VT HEICH NS,

- Top—-down approaches start with fuel consumption as a proxy for travel behavior. Here, emissions are the result
of total fuel sold multiplied by a GHG emission factor for each fuel.
M TR KL BEITEORELLTOREEEENDIAE D, COAETIE, HEHEIE, BRERFEE=CH

PREHZDULVT GHG BEH R B Z LT B R TH D,

- Bottom-up approaches begin with detailed activity data. Bottom-up approaches generally rely on an ASIF

framework for determining total emissions (see Figure 7.1).

REATYTEZ, FHEEHET —20DIRESD,

ASIF JL—LD—HI2kFT (K 7.1 #2HR),

ANLT YT AL, —RAICIE, BETEEESEDEED=HD




Figure 7.1 ASIF framework®

o veh-km/pass-km by emissions per unit of
total transport activity mode energy or volume for
* each fuel and mode
occupancy/load factor mjp modal intensity
vehicle fuel intensity real drive cycles
vehicle characteristics technological efficiency

Estimate Citywide Transport Greenhouse Gas Emissions,
unpublished, 2013

The ASIF framework relates travel activity, the mode share, energy intensity of each mode, fuel, and vehicle type,
and carbon content of each fuel to total emissions. The amount of Activity (A) is often measured as VKT (vehicle
kilometers traveled), which reflects the number and length of trips. Mode share (S) describes the portion of trips
taken by different modes (e.g., walking, biking, public transport, private car) and vehicle types (e.g., motorcycle,
car, bus, truck). Energy Intensity (I) by mode, often simplified as energy consumed per vehicle kilometer, is a
function of vehicle types, characteristics (e.g., the occupancy or load factor, represented as passengers per km or
tonnes cargo per km) and driving conditions (e.g., often shown in drive cycles, a series of data points showing the
vehicle speed over time). Carbon content of the fuel, or Fuel factor (F), is primarily based on the composition of
the local fuel stock.37, 38

ASIF JL—LD—5TlE, BEESE. TRz 7—(mode share), FETILOIRILF—[REAL, B R TETS
A7 MRIZRRBDORREFEL. S FHEICEEMTZ, FBHEA)DLER Z<L05HE. BBORKEVS
FEREAE B9 5, VKT (EMETER ELTAESND, F—RIx7—(S)E. ELGE5E—R. EH. N1, N
XE. BRAFE) RVCEMIAT (B, E—2/ 17, BEE. NA STV D)IZEYGSNEBEBOEIAZER T D, £
—RBIOTRLF—REA(), ZLDHFE. EfFOA—NLLYBEBEINDIIRIILE—LLTHE{ESNS, (X, Bl
AT L km BEYABXUE km BEUVEYIN ) RNERRIRE (Bl Z2<DFE. ETTAVIL RN ET
RELZRT —EOT—52) DO (function) TH 2, MBDKFRER S XISHBHRE(F) (X, I, thiiOBRBEE
ORI E D,

36. GIZ. Balancing Transport Greenhouse Gas Emissions in Cities—A Review of Practices in Germany. 2012

Copyright®© SLSV CES #/[7£/7/SLSV CES INSTITUTE All Rights Reserved
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37. Cooper, E., Jiang X., Fong W. K., Schmied M., and GIZ. Scoping Study on Developing a Preferred Methodology
and Tool to Estimate Citywide Transport Greenhouse Gas Emissions, unpublished, 2013

38. Schipper, L., Fabian, H., & Leather, J. Transport and Carbon Dioxide Emissions: Forecasts, Options Analysis, and
Evaluation. 2009.

39. Ibid

39. AFE

Most cities start with top—down approaches and progress towards more detailed bottom-up methodologies that
enable more effective emissions mitigation assessments and transportation planning. A robust inventory can use
data under each approach to validate results and improve reliability.

ZLDEHIE, by TH T ETIRSG . KYRNRAGHEH BRI K% X 5T B R EZ AIREIC T D LYFFMA RN LY
VTEANEED, BRERAUARUNMTTE, BROBERMEREERZDOEDICRFETOT —2EEATHED
TE,

Figure 7.3 illustrates which type of transportation activity is reflected in each method. Table 7.3 further shows
how to allocate these activity emissions in scopes 1, 2 and 3. Although these methods are recommended for on-
road transportation they can also be used for other sub-sector estimations.

1.3 TIE, EOBEOEXEEBNEFETRREINDINZFHAL TG, K 7.3 TE COFEBHHELELEDELDIC
Aa—71, 2RUBIZEE DT HAERL TS, NODFAEFRNBEHEICHESN TS, iR TEI/2—DE
EICHFEATEIENTES,

Table 7.3 Comparing top-down and bottom-up methodologies for on-road transportation
& 1.3 [EEEICONTOMN THIYERUVRNLT Y TEOLE

Methodology Advantages Disadvantages
HE Rl A R
Fuel sales - More consistent with national - Does not capture all on-road travel,
BRIHERSEE inventory practices as vehicles may be fueled at
- Well suited to aggregation with other locations outside the city boundary
city’s transportation inventories if all but driven within the city
fuel sold in boundary is classified as - Does not disaggregate the reasons
scope 1. for travel emissions, e.g., origin,
- Less costly destination, vehicle efficiency
- Less time-consuming to conduct changes, modal shift, etc.
- Do not require high level of technical | - Does not comprehensively
capacity demonstrate mitigation potential

CEOAUARIN)FEESY—EMENHS | - Does not allow for allocating
BRATHRGESN =2 TORE N AT emissions by scope (unless additional
— 1 IZH I 5EIE hOET steps are taken)

DEIEA LV RUNIEDEEHZLGEE C NEBEHOETERALNAEWN, B

ES MIEETIERNOSAT TR S,
- E MDA HHNEETT DEENH D=0,
- SEREICEE R A MDA - BEHHEOERENBETERL,
“BOLANILDOFEATRE A SELRN . HHE#, B, ERMEDE

. E—XILI T &
- EFNOTRIREME (mitigation potential) &
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FERICBRREIZRIR,

¢ RAO—FZk B HEDE N EHFIT

WGEMDOF BN ES N RY)

VKT and model-based (induced activity,
territorial, resident activity)

VKT RUOETIVEEGERFSE. 5
N, EREHE)

- Can produce detailed and more

actionable data for transportation
planning

- Integrates better with existing city

transport models and planning
processes

- More expensive, time consuming, and

less comparable between cities due
to variation in models used

- KYBRAADD D, FEEN DA D, F

ASNBETILOENCKYEHRET
B A EELL

- EHFHEOEDICERTIYERM
727 —%4(actionable data)&{Em C=
3

- BFEOHTHEEETILERUEE IO
TREKYBRGAFIT 5,

Fuel sales method

BRIR T EF &

This method calculates on-road transportation emissions based on the total fuel sold within the city boundary. In
theory, this approach treats sold fuel as a proxy for transportation activity. The activity data on the volume of fuel
sold within the city boundary can be obtained from fuel dispensing facilities and/or distributors, or fuel sales tax
receipts. If a strictly in—boundary fuel sales figure is unavailable, data may still be available at the regional scale
(through distributors). This data should be scaled-down using vehicle ownership data or other appropriate scaling
factors. Calculating fuel sales emissions requires multiplying activity data (quantity of fuel sold) by the GHG-
content of the fuel by gas (CO,, CHs, N,O).

COFETE HMBERANTHRESN BB ESFECEITLNENEIHFHEZETE TS, ERITBLTI. Z0A
EFERGEEN A EENEEFBORELLTERYERD, HHEROR CIRFGEENBRBOEBICEICFHET A,
PRAHEIRGEHER R U/ UFARFE3EE XISBR 7 LB 2B E (fuel sales tax receipts) BB T H52ENTED, HE
BREFARNBHTLEEOHFAAFTERNGA. (REEZBZBLOMARKRTT —IANAF TEHELH D,
COT—ARF, ERFAAEET —AXIE OB U2 RRFAE R (scaling factors)Z ALNT, #E/NTHDMNEELL
(should), MRBIERGEEEHEOFH AT FBET —2(RFTEMBDR) I, RHDFHR(CO, CHs, N20)D GHG &F
EEELCHIENMETHD,

To allocate total fuel sales by on-road vehicle sub—category, apportioning factors can be determined based on
vehicle registration by vehicle class (starting with vehicle registrations within the city, then state or region, and
finally national), survey or other methods.

MERFGEEAEEBEDOY T HTIV—IZKYER D T D012, BRI TRICKDEMEEK (FHRN TOERR &85
([Z3AFEY, MRS, REICE). AEXESMOFEICEIETRESND,

All fuel sales from in-boundary fuel dispensaries should be accounted for in scope 1 (territorial), even though fuel
purchases may be for transboundary trips. Maintaining all fuel sales emissions in scope 1 (territorial) also enables
more effective multi-city aggregation.

BRRNORBETENODETORBRTEIR, LA BARMNEREZENEBRH DO THS5ETH, X0
— 71 (FEEHRN) TEESNDZONLEELL, AI—T1(FEEHRN) DL TORBRTTHHEE I 5L T. LUAR
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REBERT O EFIREIZT B,

Cities should conduct surveys or research the transboundary nature of these journeys in order to allocate total
fuel sales, or inform their use of the notation key IE, into scope 1 and scope 3 emissions.

#Hld, Ao—T1RUSOBHEIZ T 5. MRAERGTE & ETOEE ) X(E, JFIREEEE (notation key)IE DERFIZ & 21E
FREREAT 5 (nform) =012, ChbDBENDIER LB WZHE DR E XTI EREFTIOHMNEFLL (should),

Induced activity method

This method seeks to quantify transportation emissions induced by the city, including trips that begin, end, or are
fully contained within the city (usually excluding pass—through trips). The method relies on models or surveys to
assess the number and length of all on-road trips occurring—both transboundary and in—boundary only. This yields
a vehicle kilometers traveled (VKT) figure for each identified vehicle class. It also requires information on vehicle
fuel intensity (or efficiency) and fuel emission factors.

FREBFE

COFEF. BMATHFEY, BROUXETLICEFNLIBBZET (BAF. BB T I2HENIRNEND), #MHIZEK
YFRINHEFHELZEE(LTDHEEHELTND, COFERI BEREBOVTRTERRAR DA TELD
LTOMEBRFORIB KR VRSEZTHE T HET L XIEHAEIKET S, COF AL FHESNIRE@MITAIZDL
TOEMBHFOA—ML(VKT)OEHFEL0T, COFERF, £, EROBRRREA (XIFZEK) B PR G
BRI ONTOBERHIBETH D,

These models are more common in U.S. cities40, and identify the origin and destination of each trip assessed. To
reflect the responsibility shared by both cities inducing these trips, cities can use an origin—destination allocation in
two ways:

COFEFE, KEOH M TIEEY—KH T A OFHESN R BEOH R MRV ENERET S, hoDBEZE
B NADEHNICEUDEENIEFEE R T 5=, FmIE. ZDDAAET, HiE#-BWtEELZANSTE
MTED,

1. Reporting 50% of transboundary trips (and excluding pass—through trips). Of that 50%, the portion that occurs
within the city boundary is reported in scope 1, while the remaining percent that occurs outside the boundary
is reported in scope 3.

1. BREBHEHO 50%EHE (XU, BBEBEOELR), 0 09056, HHERANTELEPERT—T
1THEL, — A BRI TELERYD/ \—tr T -V R0—TF3THE,

If 50% of the trip is entirely within the city boundary (e.g., a trip that just passes the city boundary), then the
entire 50% should be in scope 1. One hundred percent of all in—boundary trips that begin and end in the same
city are included, but pass—through trips are excluded from scope 1 even though they represent “in-boundary”
traffic (since they are not “induced” by the city). One challenge of this approach is that due to differences

in traffic models, there may be portions of a trip that occur in the city boundary but are not reflected in scope
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1. As illustrated in Figure 7.2, “Section A” may include in-boundary emissions that are not tracked in scope
1. Cities can disclose these omissions if they are identified by the model. See Box 7.1 for one city’s
application of a travel demand model.

1. BEOD 50%ALTHMRERANDSE (. BHIEAZHITRET 2HE). 50% LRI AI—T 1 THRE
FTHENEFLL, RLCETRANTRIFYR T IDEARNBBETOEN—EUNI EHONDEH =LA, B
BEH., THmARIBESHERLTOTE, (FNUEETICL>TENF R ISNTORNIEND) AOA—T 1 HDIERE
nd, COHEO—DODRAIE. BERERDENCEY, BHIERARNTELDY, AO—T I RRESNGENE
BD—ENBHYIHENSIZETH D, 7.2 TRFEINTWALIIZ, T3> AlICiE, Ra—TF1 TEEHEh
BWMVERRNBHENEENDHELNH D, BHIE. ETIVIZKYENINFETET LS AL ChoxfRd 528
NTED, BEFEETILO—DOOEMIOBEAIZDONTIE, Box7.1 #SBENiL,

Figure 7.2 Induced activity allocation

50% of

trip distance

( city boundary

scope 1 scope 3 not counted

5 0% of Section

trip distance A

not counted

2. Reporting departing on-road trips only. For simplicity, cities may account for only departing on-road trips.
Here, 100% of the trip is counted, with in-boundary section as scope 1 and out—-of-boundary section as scope
3.

2. HRELEERBHOAEZHET D, HMfC, BMEHRELZERBHOAEEET DIENTED, COHA.
BEID 100%E, Aa—FTELTEAR /L ay RURI—TFIELTH MmNV avISEHEESNS,

Geographic or territorial method
This method quantifies emissions from transportation activity occurring solely within city boundaries, regardless of
the trip’s origin or destination. Some European traffic demand models4?2 quantify these emissions primarily for local

air pollution estimates or traffic pricing, but GHG emissions can be quantified based on the same ASIF model, limiting

Copyright®© SLSV CES #%2/t/SLSV CES INSTITUTE All Rights Reserved
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VKT to in—city travel.

HIRH XL BB FE

COFETE. BEBORBM XIEENHIZhNDE T, BHBERATELEXEHLOCOEHEEZEET S,
—EDI—OYNRDIZBFEETILTE, FICHBOAXBEREOHEXTBTROEHITCNLOHHEEZEEEL
TWBHY, GHG BEtHE(E. VKT 28 mABBIZRET 2L T, L ASIF ETLICEDEEELT DIENTED,

This model aligns with scope 1 (territorial) emissions, as all in—boundary transportation is included. Although no out-
of-boundary trips are assessed or quantified, additional surveys could be combined in order to report scope 3
emissions as the portion of out—-of-boundary transit.

COETILIE, ETOEFRNEMENSENDIEN D, AO—F1 (FEERN) BEHEL— T 5, ERINBINT ML
EE2EEINGOD, EANBHOEHELTAI—TIEMET H-HIC, BEMORAELTHEHLEIELH D,

Resident activity method

This method quantifies emissions from transportation activity undertaken by city residents only. It requires
information on resident VKT, from vehicle registration records and surveys on resident travels. While these kinds
of surveys may be more manageable and cost-effective than traffic models, their limitation to resident activity
overlooks the impact of non-city resident traffic by commuters, tourists, logistics providers, and other travelers.
Here, an inventory could apply the origin—destination allocation approach to allocate emissions from resident travel
over scope 1 and 3.

EREBEFE

COFERF BHEROALVITONEXFENLOBHHENAEEEILT D, HIZE EfERLHELDL
FERBBOFEMANOOER VKT [LDONWTOFRABETHD, _OBOREF. BEIETILIYRNLINDER
MRRNBNSELDHL. FRFFHAORRICKY, BEE. RITE. WREZERVTZOMDOBEIEICLDIERL
NDNZLDEENRRINTNS, ZDFE. AVNUNE FREBEHNOOFHEHEDAI—TT RUS~DEDD
oIz, HEM-BRMEL D FEEBERTHENTED,

Box 7.1 On-road calculation based on models—North Park
Box7.1 ETILIZE DN\ EEF

The community of North Park in San Diego, California, was chosen as the study area to test methodology

for generating VMT (vehicle miles traveled) data from a regional travel demand model. The San Diego
Association of Regional Governments (SANDAG) developed an approach for using traffic modeling software
to generate VMT data disaggregated into trip types compatible with the origin-destination approach.
Emissions from trips that start and end in the study area (internal-internal) are fully allocated to the city.
Emissions from trips that have one trip—end within the study area (internal-external and external-internal)
are allocated to the city at 50%. Pass—through trips (external-external) are excluded from the analysis.41
HTHINZT o TATIAD/—ZANR—IDAZ1 =T (—I&, BB HFEEETILHSD VMT (EF/RET
AI)T—REERT 210D H EET AN 2T MIBEL GEESNZ, MDY YT TIBATEIER
$.(San Diego Association of Regional Governments)(SANDAG)IZ. &R 5 EEH MM H DB DIELEIC
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Hofeantz VT T—2Z2EM T 2B EET VT VINI I 7 ERAVNSEHD A EEFFELE, RAEMIEA
THIRLR T 5B B (NE-WNED MoDHH B2 THMICEDShDd, RAEMBRNICBEO—IRNHD
B (NED-FMEB R AV EB-RER) (&, 50% A ERTICEE s, BEHE) (SMEB-FMER) (LT A DERIM S
nd,

40. Ibid

41. For more information, see the technical white paper “Vehicle Mile Traveled Calculations Using SANDAG
Regional Travel Demand Model” [pdf]: http://www.sandag.org/uploads/publicationid/
publicationid 1795 16802.pdf

7.3.2 How to select on-road calculation methodologies

132 NEMEFESEERRTS5E

To determine which methodologies to use for on-road transportation, cities should first consult any transport
models developed by city transportation planners. In the absence of a transportation model, cities can use the fuel
sales method.

NEEEIZDONTEDHFZEERTINERET H=0IC, L. HAZ, EHEETBEEICEYIER SN =8
ETNERRDOANLELL (should), ERXETAABVGEIE, #mE, REBRGTEETILEFESIENTED,

The scale of differences in emission results based on these methods may be significant. Cities should decide
which methodology and boundaries to use based on the quality and availability of data, regional practices, and the
objectives of the inventory. For instance, fuel sales can be more accurate to show overall reductions in fuel
consumption, while models and surveys can give detailed information on how specific transportation sectors are
evolving and help prioritize mitigation actions. See Table 7.3 for a comparison of these approaches. Cities should
seek consistent methods over time or document when methods have changed (see base year recalculation in
Chapter 11).

CNODHACEIBHEECHEROKREEIDEVDELSZENDD, EHE. T—2OHEREAFAIREME. #
BOEBERER, REAURUNOBEWICEDE EOFERMERZFERTINERET D2DMNEELL (should),
FIZIE, BRERRFEEIE. RANEEEOLEMHIBZE RT DICFLYERETH D, —FH. ETILRVHAREIE. EDLIIC
FEDEH I2—m, BMTHZEEITHEY. BNTEBOEAEMTOXETIMNI DOV TOFMRIEREIRMET
%, CNMBDFEDLEEKIZDONTIER 7.3 RBENL, EBHE, BEFNIC—BLEFEEZRD, D OFENEE
SNFEZIEXETHBATD2ONEELL (should) (F¥7F42—11 OEEFHHEEZSHR),

Example: How to calculate and report biogenic COZ2 emissions from blended biofuels.
1) BE /N1 T IR SDEY R CO2 HEHEDFHE R NEHEDML T
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Modern biofuels used by automobiles are often blends of (bio)ethanol or biodiesel with fossil fuel derived diesel or
gasoline. For example, E15 Gasoline contains 15 percent ethanol and 85 percent gasoline; B20 Biodiesel is a blend
of 20% biodiesel and 80% petroleum diesel. CO, emissions resulting from the combustion of the ethanol or biodiesel
component of the blended fuel are considered biogenic; whilst the CO2 emissions from the fossil-fuel derived
element of the fuel, as well as all non-CO, gases from both the bio and non-bio components of the fuel, should be
reported as non-biogenic. The emission factors from blended gasoline can thus be calculated as follows:
BEETEASNDIRFTONAFRBIELLDIGE ALBRBNODT A —EILRIIHVIVENAF) TR/ —IL XK
NAFTA—EILDRETHD, PIAX E1D AVIVIE 16%DITR/—ILE 85%DHV)EEH;B20 T4—EIL
(F 20%DNAFT4—HEILE B0%DRMT—EILDRETHD, BEBBDIR/—ILXIINAFT1—EILES
DOTENDELD CO, HEHEF, EWRRREEZDND; —FH. MBOIEBRENSDRAHNBD CO, HEHE(E., #R
BONAFRPENAFTHAHED CO, UANDETHHARERAHKIZ, FFEYRBLLTHRESNDIONEELL
(should), EBEHAVIVLOBFHEEIE, oT UTDLIZHESND,

EF [biogenic CO2] = EF [CO2] for ethanol x % [ethanol]

EF [non-biogenic CO2] = EF [CO2] for petroleum gasoline x (100% — % [ethanol])

EF [CH4] = EF [CH4] for ethanol x % [ethanol] + EF [CH4] for petroleum gasoline x (100% - % [ethanol])
EF [NO2] = EF [NO2] for ethanol x % [ethanol] + EF [NO2] for petroleum gasoline x (100% - % [ethanol])

It is important to note that if the percentage of the fuel blend is based on volume, emission factors based on
volume of fuels should be used (or calculated) before applying the above formulas; if the fuel blend is on a weight
basis, then emission factors used should also be on a weight basis.

MR TLVRDN—tE T—UNMERBICEDGSAREF. LD EXEEAT 2H1C. MEOKRBEEEDHHFEHAN
FEAEND(XIEEESIND)DMNEELL (should) ; BB TL VRN B EICE DUGEIE. FASNIHEHFERELES
FAECEDDOMNEFELL (should),

7.3.3 Changing transportation methodologies over time
7.3.3 BREFMNEEEEEHENDEE

Over time, cities may be able to obtain more accurate or relevant data using new technologies, methods, or models.
As new means for improving the accuracy of activity data and emission factors become available, cities may switch
the methodology in the inventory and should clearly indicate the method used.

RIS, BHIEFHLWOEM, FANFETILEZEAVTIVIERXEIEEST ST 25 H/LIENHEDIGFENH D,
EEET —ARUVHEEFRBOEEEOHEZEDHDH LW AELNFIARIGEICARHIEITELY, BHIFANUNDFE
FEEEBREGTDHENTE, MO, FASNSGFEZRABICRTOMNEELL (should),

Changing methodologies can pose challenges for cities using base year inventory results to track progress toward

implementing goals. Cities should follow base year recalculation procedures described in Chapter 11, disclosing the
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reason for recalculation. Alternatively, if recalculated base year emissions are not possible to develop due to
limitations on historic data or limitations in modeling, cities may continue to report transportation emissions over
time with methods used in the base year.

HEDEBRDIGE. REBEANDERZEN T AOICEEFAURUNFHERBRZAVNTVO O MICHELZ LD
¥, #WhE BAEOCEHEZRRLT Fy72— 11 [CEHIN TV EEEBHEFHRICHOONLEELL, Z
DREELT, Bt ESNEEFHHELZ, BEOT—2DOFBRITETIV T DR FIZEY, FERTEHRONESIE,
#ilE, BEFICEONFRCIYRFENICEEFHEZRIEL THRET 22N TED,

7.4 Calculating railway transportation emissions

14 SEEXHHEDHE

Railways can be used to transport people and goods, and are powered by a locomotive, which typically uses energy

through combustion of diesel fuels or electricity (known as electric traction). Rail transit can be further divided into

four sub—-categories, as shown with examples in Table 7.4. Each can be further classified as passenger or freight.

#HEE, ARV OEREIZFERIN, —RHOICT —EILRBMOREXITER (EXESIELTHLOND)IZLD I

WX —%=FEAT D RERICKYFI OLMEEIND, F 74 IZHHREINTIND, ShE#EE, 4D2DATI)—ICE
[ZHEITED,

The allocation principle for railway broadly reflects an assessment of “induced activity,” but reports all in—city
railway travel as scope 1 (territorial) while the out—of-boundary portion of transboundary railway journeys can be
apportioned on the basis of city passengers or goods.

BEDBEE D RANFACTFREH IO E RIS 50, £ TOEMHNEEHEEZAD—T1 (FBERN)ELTHRET 5.
— 7. BREBCHEHEDEMIERNDOI L. BHORETEXIYRECEDTE N T DIENTED,

Table 7.4 Railway types
* 74 SEDEHE

Railway type Examples

SEDiESE 151

Urban train/subway systems Tokyo transit system

BN AV /MRS X T L BN AT L

Regional (inter—city) commuter rail transport Tokyo subway/train systems that connect to the

g (A 2—2 7 0—) BE sk E X adjacent cities like Yokohama, Tsukuba, and Chiba
R RABRRVTFEOLIGEEETERCERET
8/ $RES RT L

National rail Japan national railway system operated by the

ESIAESST] Japanese Rall
JRIZEVEEINDBARERGKES AT A

International rail systems Trans—Europe rail systems such as Eurostar

EE$ AT L A—ORZ—DES%I—0y/SGREV AT L

7.4.1 Calculating scope 1 (territorial) emissions

18



741 Za—1 (FEER)HHEDE

Scope 1 emissions include emissions from direct combustion of fossil fuels incurred during the length of railway
transit within the city boundary for railway lines that have stops in the city boundary. Based on available data and
local circumstances, cities may either include or omit emissions from pass—through rail trips that do not stop in the
city boundary. Whichever the case, cities shall transparently report the adopted approach for estimating railway
emissions and indicate whether it covers pass—-through rail transit.

AO—TTHHEICE, HIERICBROHDHEROEHIREFRAOEE#EIEDORBEAICAE LR REIDE BEREE
HoDHHENEEND, AFAIRELGT —ARUVHIEORRICEDE, #mid, MHEFRANTEELGVRIBE
EENODBHEZEHDILEL, RN TDHILELTED, MNDEES, HmEEEFEEOEEICERASNEAE
EIEL. BESKERE LTSN RET IO ENEABEITIRSATNERBAR0 (shal),

Rail fuel combustion is typically diesel, but may also use natural gas or coal, or include compressed natural gas
(CNG) or biofuels.43 Cities should obtain fuel consumption data from the railway operator(s) by fuel types and by
application (e.g., transit system, freight, etc.) for the distance covered within the city boundary (scope 1) and the
lines’ extension outside the city (see scope 3).

SRERERIEE — RIS T — B THEIN, RAFRAXIEARE[EL, shid. EMRERARIZ(CNG) Xik/ 1A HF
EELHENDDH, WL EEEELNL, BHIERARN(RO—T1) DR RLEZHERHCOVTRUEH MmN (R
—T3%SR) DERBREREBIZDOVNTO, MEOEE R NER (Fl. BB AT L EY. F)TL. BREEEET —
REWETDONEFELL,

Where detailed activity data are unavailable, cities can also:
- Use rail company queries or surveys
- Survey rail companies for real fuel consumption and amount of goods or people moved (movement driver).

- Calculate real fuel consumption per tonne of freight and/or per person (e.g., gallons of diesel per person).

HMEEBHET —INAFTERNG A&, BHIERLZUATETOITENTES:
HERHANDERXITHEEZF A
-RREUHEERUVBHLEYNEADEIZ OV THERHEZRET S,
BN ARYRY/ XE— AHEYHBI, —AZEYDTA—ELOAOVE) DERFHEEZETET D

- Scale up incomplete transportation activity data (e.g., tonnes freight and/or people movement). Total city activity
may be determined through local, state, or national statistics or transportation agencies for the city.

© ARETEXEHET 2 NEYRD/ XIABEETLKRT D, HHOFEHESETE. i, NWXEE
DFfFTXIEETOER BZEBLTRE TEDIEN DD,

- Scale down regional transit system fuel consumption based on:

- Population served by the region’s model and the population of the city, to derive an in-boundary number.
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- Share of transit revenue service miles served by the region (utilize data on scheduled stops and length of the
railway) and the number of miles that are within the city’s geopolitical boundary.
ATRIZDONTOHARIEAS X T LAOBREEEEORIERE/N
- BRAAFKEEEHIT 2O, HIBOETLOREZOAORTEHOAD,
- MRS KYI R EBRDENEINAY —EATRAIL (FAEDRKR VIR DERHDOT —2DF| ) DEE R BE T OH#
HIERADOT ALK

- Scale down national railway fuel consumption based on city population or other indicators.
- EBTAOXIEDIERIZE IKEORENE EEDREH/N

43 .Diesel locomotives also consume lubricant oils, emissions from which are included in IPPU.

7.4.2 Calculating scope 2 emissions
742 RO—F2HHEDNEFTE

Grid-supplied electricity used to power rail-based transportation systems is accounted for at points of supply
(where the electricity is being supplied to the railway system), regardless of trip origin or destination. Therefore,
all electricity charged for railway vehicle travel within the city boundary shall be accounted for under scope 2
emissions. Cities can seek this data from the railway operator, utility provider, or scale down regional or national
statistics.

BEWES AT LIZBINEEA 5012027 )N E NIE. #nXHE M I EWNICHbHLL T, fticihm
(BEONBRE L AT LIZHEESN TSR TiHESNS, {E-oT. BMIERANOHKEETMBHICFHLNEELTD
BAHIF AO—F2HHEICSVWTEESN AT AEEDR(shall), #BHE, SEETsM. AT1)T— 6%
E.DBIDT—RERODI UL H RITEDHEHEIREMR/NT DENTED,

7.4.3 Calculating scope 3 emissions
743 RO—F3EHENFTE

Transboundary railway emissions (from either direct fuel combustion or grid-supplied electricity charged outside
the city) can be allocated based on type of railway service and geographic range. For instance:
(EEOBRHBREXFETONTELNEZT)VMEE NI BEREBEVVERERHEL, $hEY —EADELE
B UHIRR BRI E DR N I D ENH KD, BIAIE,

- For urban transit systems, lines may extend outside city boundaries into suburbs within a metro area geographic

range. Here, all out-of-boundary emissions could be recorded in scope 3.
- EBTIAE Y AT LIZTDNTIE, BRARAY, H T Sk IR BERE N DB E TABEHIERINBUTLDIZEN
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BB, COBE, RTOBRNFHBIE 20— T3TRET LA TES,

- For inter—city, national or international railway travel, a city can allocate based on:
C AVE— T 4— ERXIEERSEE XIS DN TE, AL TICEDEE DT DN TES:

- Resident travel, where the number of city residents disembarking at each out-of-boundary stop (relative to
the total riders on the out—-of-boundary stops) can be used to scale down total emissions from the out-of-
boundary stops. Cities can determine this based on surveys.

- BERADRRTTELEAMEROBMGERNDORTESFEEALKCEALOZ. ZEANORMSDOE T
BERIREME/NT DEOHITEITENTESEEF, BEBERK., #HmE. AEBICEISINERETDIINTED,

- Freight quantity (weight or volume), where the freight quantity coming from the city (relative to the total
freight on the out-of-boundary stops) can be used to scale down total emissions from out-of-boundary
stops.

-(BRADRTOEYEFTIZELOEIALOEYENERNDRINLDE ETHEH EX REME/NT 57=HIZF
ATE2LEE BYER(BEEXIIERE)

7.5 Calculating waterborne navigation emissions
1.5 KEMfTHEEOHE

Water transportation includes ships, ferries, and other boats operating within the city boundary, as well as marine-
vessels whose journeys originate or end at ports within the city’s boundary but travel to destinations outside of
the city. While water transportation can be a significant source of emissions globally, most emissions occur during
oceanic journeys outside of the boundaries of a port city.

K EELEICE, #HAIERANTETLTOSMH, 7)—RUTHDOAR—~ =, BEMRMOTENEIERANDE TR
FYNIEHE DN, BTONOMDFT Bt “fiiE T 2B FEMMIENEEND,

IPCC Guidelines allow for exclusion of international waterborne navigation and air travel, but these journeys and
their associated emissions can be useful for a city to understand the full impact of the transit connecting through
the city. The GPC requires water transportation wholly occurring within a city to be reported in scope 1 (territorial)
for BASIC, while emissions from all departing ships for intercity/national/international trips shall be reported in
scope 3 under BASIC+.

IPCC HARZA > Tl&, EFEK _EoE R U ZEEHIEDIRINE RO TULDA, Thndii R EnIZ 1, &
ZRESENEDT LR EEH MM IER T H-OICEHERTHS, GPC TXBASIC DFEIFETATE THELSHK
FEkid, Ra—F1 (FEER) THRE T DELEROTHY, — A, (03— T4—/BERN/EEMBE~NHETDILT
DOIANSDHEH BIE, BASIC+ Tk, RO—F3THESNARITAIERDAL (shal),

If appropriate data is not available for the sub-sector, the notations of NE or IE must be utilized.
YT EIZ—I2DWVTHEYE T —2ZHBAF TERWNEE(E, JFREEEE NE XK E #FERALRITIEDSE,
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7.5.1 Calculating scope 1 (territorial) emissions

751 Za—F1 (FEER)HHEDE

Scope 1 includes emissions from direct combustion of fossil fuels for all trips that originate and terminate within
the city boundary. This includes all riverine trips within the city boundary as well as marine ferries and boats that
travel between seaports within the city boundary (including sightseeing ferries that depart from and return to the
same seaport within the city boundary). To calculate scope 1 (territorial) emissions, cities can:

AO=T1F, BHERAANTHEBLER T I22TOBIBOILARBOERERENSOHHENEEND, NI
(. #BARERAOLTON)EEXRVEBTERAOEBEREMET 2B FI7)—RWR—NEENS, AO0—7
1T(FEER)BEEEZEHE T 5012, BHIEL TN TES:

- Obtain total real fuel sales estimates of fuel loaded onto marine vessels by inquiring with shipping companies, fuel
suppliers (e.g., quantity of fuels delivered to port facilities), or individual port and marine authorities, separated
by geographic scale of activity.

- Where a representative sampling survey is used, identify the driver of activity at the sample site (e.g., tonnes
of freight or number of people), and use driver information to scale—up the activity data to the city-scale.

- Total city activity may be determined through local, state, or national statistics or transportation agencies for
the city

hstt, MR ZEE (fI. BEREHICHRSATREOS) . NFMELXDEEXITEZLRB~OERICLY, /&

FD IR FREICKY DTS NI AA (marine vessels) ICFEH AT N-REHET B EEDL,

- REMYUTLAENMEASNGIHEIE, U TILEEH A TOFHDONS A /N—EAREICL, BHLEIEE
BT —AEREILKT DEOITRTAN—EREFHT 5.

- ETUEEIAEHE. HIE, INEE DK XIEE T O:EH FE B TRETEDHENDHD,

- Estimate distances traveled and resulting fuel usage.
- Use ferry movement schedules to calculate distances traveled.
- Utilize fuel economy figures for boats.
- EXRERER CEOA ERBROBRRERENEE
XA T E T AHIT ) —DE MR TV A—IILEFATHIE
R—PDORBHEF M EEEAT 2L,

- Scale national level data down using appropriate scaling factors.

- National marine navigation data may be found through national maritime (marine) administration agencies.
- BYIGHRERARREEAVTELNILOT—2ERIERENT 5,

-EoEENAET 2. BEOBFEER TAFTEDSENDD,
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7.5.2 Calculating scope 2 emissions
752 RO—F2HHENFTE

Scope 2 includes emissions from any grid-supplied energy that marine-vessels purchase and consume, typically at
docks, ports or harbors (this should be distinguished from electricity consumption at other stationary port structures,
such as a marina). Cities should seek data from port operators on water vessel consumption.

AOA—=T212F, —RWICHREE 5, BIEEETEFMMEABAL SHELEZTVURMHEE D (ChiE, I)—F D&
SIMDEE EEBEY TOBENDEENMXINSNIONEZELIVINSOHHENEEND, EmIE. K MR
DHEBEICODVTHEBEZENST —2ERDHDIOMNEELL(should).

7.5.3 Calculating scope 3 emissions
753 RO—F3FEHENFTE

In this case, Scope 3 covers emissions from departing transboundary trips powered by direct fuel combustion,
apportioned to cover those departing trips that are attributable to the city. Cities can estimate the proportion of
passengers and cargo traveling from the city, using official records, manifests, or surveys to determine the
apportionment. Emissions from transboundary trips can be calculated based on:

- VKT, or the distance travelled from the seaport within the city to the next destination

- Fuel combustion, quantifying the combustion of fuel loaded at the stations within the city boundary

CDHE, AO—T3TIE, BHICRET 2INLDOHET HMBETRELTE DSz, EEMRRBRBEICIVERES
NOEREBEEHETIMBENCDOHHEEZNRLET D, ML, KWELEK. X =TT XM XIFEIEERTET HHD
FEEZANT, HTOBETIEERVEBYDEGEFTETOENTED, BHEBEENISOBHEIILUTE
BERICHETHILNTED:

- VKT, XIEEBHADEFEBLNDRIZT B~ DHED B

- EHADKEMIER CHEAAENRBOREEETEL., BARES

Cities shall transparently document the methods used in the inventory reports.
AFAORUNEZ BV CTHLON-FEE, ERMERF>TXETHBALATNIERDA (shal),

7.6 Calculating aviation emissions
1.6 MZBEHEDETE
Civil aviation, or air travel, includes emissions from airborne trips occurring within the geographic boundary (e.g.,

helicopters operating within the city) and emissions from flights departing airports that serve the city. A significant

amount of emissions associated with air travel occur outside the city boundary. Airports located within a city, or
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under local jurisdiction, typically service the greater region in which the city exists. These complexities make it
challenging to properly account for and attribute aviation emissions. For simplicity, scope 3 includes all emissions
from departing flights. Cities may report just the portion of scope 3 aviation emissions produced by travelers
departing the city. This is in line with the origin and destination model described with the induced activity method in
Section 7.3.1. Cities shall transparently document the methods used in the inventory reports.
ERMZEXEMEBBICLBNIERANTECLIZHBENOOHHE (F, BHRDAIIT2—EE) RUER T
[CRICIIDEHEEZHRTLITADONLDHHENEEFND, MEBBICHOIXEOHHEFEBMIERNTRET
%, EHARICHD, ITHIBOEHTICHHEHEE, —RWNICEHINEET DLYREGHIBKICKZICIID, ZDE
MSICEY, MEHHELBEVICEELREBSEDILEZHLLNEDIZLTVNS, Bifbd 27012, RO—TF3I2F H
RIDITTADODETOHHENEEND, ML BMHEHREITIERLVELEAI-—TIMEHHEOT 2
DHERETDIENHKD, hiEtriay 731 OFFREFBFETLHIN -HAMRVOENETILE—EK
5, WAL ARXUNFHETAVON-FEEXETERME L > THRALATFAUIEDERL (shall).

Cities should also disaggregate data between domestic and international flights to improve integration with national
GHG inventories.44  Oftentimes, the separation of data between in-boundary (scope 1), domestic, and international
aviation may be difficult to obtain. Classification of airports should indicate whether the airports service local,
national, or international needs. If appropriate data is not available for the sub-sector, the notations of NE or IE
must be utilized.

#HHlE. BOCGHGA U RUNIEDHEEHET 5HICENRVEERIZADETT —2E 0BT 2DONEELL
(should), LIFLIFERA(R3—71) ERRVERSREOT —2O0#HER[LOFEHLWNSGELHD, ZED
PFECKY, ZHELE EAXIEEBRFEICHECTOSIOERLNCTIONEEL, HTEIF—I2DWVTEYR
T—ANAFTERNEIE NEXIZIEDERIEEE FEHRT NILRSAN,

44 Fuel use data is disaggregated from national and international trips as a UNFCCC/IPCC reporting requirement.
Under the 2006 IPCC Guidelines, national governments are required to calculate domestic (trips occurring within
the geopolitical boundary of the country) waterborne navigation and aviation trips, while international trips are

designhated as optional.

7.6.1 Calculating scope 1 (territorial) emissions

7.6.1 Za—F1 (FEER)HHEDE

Scope 1 includes emissions from the direct combustion of fuel for all aviation trips that occur within the boundary
of the city (i.e., both depart and land within the city boundary) (e.g., local helicopter, light aircraft, sightseeing and
training flights). The methodology for quantifying aviation emissions is similar to the methodology provided for
waterborne navigation in Section 7.5:

AO=T1ZE HHOERRNTEL =2 TOMEBEN (DFY, FAIERN TRHEERVOFREOR ) (F, HigA)d
TE— BT, BERMRBERT) OLOORBOEERENASOHHEAEEND, MEHHEEZEELLTD
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FiElE w23y 7.5 DK EEREICHEESN TS AEREELL TN,

- Obtain activity data in the form of total real fuel sales estimates of fuel loaded onto aircraft by inquiring with
airports, airlines, or port authorities.
- Where real data for all airports are unavailable, utilize a survey of a sample of airports. Identify the driver of

activity at the sample site (e.g., goods and freight or passenger movement), and use driver information to

scale up the activity data to the city-scale.
- Total city activity may be determined through local, state, or national statistics or transportation agencies for

the city.
- EHE MESANEEELBCEEEMERICEFAETENZRBOERMRTEENOE CTEHET —FEIE
2,

C ETOEEIZODVTDET—ANAFETERNEEZR, THEOY U TILFABRERAWND, YU TILEATOEHD
RIAN—(fFl MG R EENFIEZBEHEZHTEL. AN DEHET — LB HRECTL KT H=HRT4/N—F

WEAWND,
- BEDEEAEHE. A MXIEEOHA I T OEMBEE B TRETZHEENHD,

- Where in—city aviation data are unavailable:
- Survey local helicopter companies and airlines for fuel use data.
- Estimate other local aviation use through schedule information and fuel economy estimates.
- HHAMZET —ANAFTELRNGE!
- BRMERT —AEEAOICHIBOAN) T A R UM ZERHEZRAET D,
BITATDa—ILIERKRVCRE R EE B CHEBRTERELZET T 5,

- Alternatively, scale national level data down using population or GDP per capita.
- National aviation data may be found through national aviation administration agencies (e.g. U.S. FAA).
- REBLLTAOXE—AH72YD GDP £ AVTELANILOT—2%E RN 5,
EoMZET—2EEOMZEEEKBEEBL TH/DIILETRS (. US. FAA),

- Apply emission factors, which can be disaggregated by fuel type and technology (typically provided by national
environmental agencies or research institutions), or use default IPCC emission factors.45

(—RBICE DORIERRE XX ATICKVIR SN D) MBI OFE R X FFEAMIC LU E SN 2HEH R EE E AT 5.
X IPCC DHEE BRI TA 74 L MEZERT 5,

45. |PCC default emission factors can be found in Volume 2 Energy; Chapter 3 Mobile Combustion; Section 3.6 Civil
Aviation; CO2 Table 3.6.4 and CH4 and N20 Table 3.6.5. Available at: www.ipccnggip.iges.or.jp/public/2006gl/vol2

7.6.2 Calculating scope 2 emissions
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16.2 AO—F28HEDEE

Scope 2 includes any grid-supplied energy consumed by aircraft charging at airports.46 Any grid—supplied energy
consumed at airport facilities should be included in Stationary Energy (institutional or commercial facilities).
AOA—=T212lE BHIZBWTRITHOREICKYEESIN T )YREIBE I RIILF—DEEND, ZEEZTHES
NIRRT R F—E BEIRILF—(REXIREER) ICEDHDIDOHNEELLY,

46.Grid-supplied fixed ground power provided by the airport.

7.6.3 Calculating scope 3 emissions
7.6.3 RO—F3PFEHENFTE

Scope 3 includes emissions from departing flights at airports that serve the city, whether the airport is located
within the geographic boundary or outside of it. Cities should identify the types of fuels consumed in departing
aviation trips, the quantity (volume or energy) of each type of fuel consumed by the aircraft associated with these
flights, and whether the trips are domestic or international.

Z2O—73I2lE, ZEMNEHERAIZOMNMAGEBLTONDNZEHLS T, EFICHKIZIL DI BN HFE (departing
flights)hoDHFHENEFEND, HHlE. HEMZEBH THESN-BRBOELE. ChoDECHOMIZERIZEY
HEINAEEBHOE(BRBXEIRLF—)MPICZOEINERENMNEEEL. BREISRTIONEELL
(should),

Quantification follows the same process described in 7.6.1. Additional resources for obtaining activity data include
statistical offices or transportation agencies, airport records, air traffic control records or official records, or
published air traffic schedules.

E21blE. 7.6 [CREBLEOERLTOLRIZHES, FBET —2OREOHOEMOFEHRIRICIE. HETEXITE
wfE, 2Bk MEEETELHEXIANEHENEIARSNTOSIMERER 71— ILHAEEND,

The city may report just the emissions from departing flights that are attributable to the city by estimating the
proportion of passengers traveling from the city to airports that serve the city, using carrier flight data or surveys
to determine the allocation. Cities shall transparently document the methods used in the inventory reports. Landing—
take off (LTO) emissions from international and regional flights should be accounted for as scope 3 emissions.
L, FYVTITAT —EXFEPERETST DEOOREZANT, BHICRITEDEE~ADODHHALOEED
BEOMAEAETHETHMICRER T OHRENODHEHELTERETHIENTED, #HIE. 1IN
WEECHEALEFEEZERAREZL > TXETHALZT ISR (shal),  EFR{E K O 5 8 h\D 075 Fe i
(LTO#HHEF, XAa—T3FHEELTEESNDOMNEELL (should),

Box 7.2 Reporting emissions from regional transport hubs—London47
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Box7.2 #higi#gk/\T-O RO MNSDOHEEEDHRE 47

London, United Kingdom, is a major international transport hub. It has two international airports located within
the city boundary (London Heathrow and London City) and four international airports located outside the
city boundary (London Gatwick, London Luton, London Stansted and London Southend).

RE OVRVFREGEEEENT THD, OPUE BRRNHL - 2EERERE (O E—A0—EER
VaVRY T —ZHE) RUE TR RN HHEDOERRZE & (AR - ANy 722, Ok - L—h o2
B OURY - RV ATYRZEE OURY - ORI RZEE) 1D 5,

To calculate GHG emissions from transboundary air travel, the distance travelled by departing aircraft from
these airports is apportioned to London based on the percentage of air travel at each airport serving the
city, i.e. those flights used by residents, workers and visitors. The latter is obtained from a survey conducted
by the UK Civil Aviation Authority on the origin/destination patterns of terminating passengers at major UK
airports. This survey suggests that airports further afield also serve London but to a very limited extent and
are therefore not included in the calculations.

BREBOEMZEBENSD GHG HFHEZETE T 572012 OO EN SO H RRATIEIC L DB ENEERH
H BT —ERAZRET IR EETOMERE. F. TR, HBEXRVHBE. [CLVFIFAShL LD
fnZEE) DEIGICEIETAVRVICERAEND, BEF TBE UK BB TE—IFLZFAITIEEZDOHRE/NL
—VICEDEERERBMZERICKYTONIRAELSHFD, —ORETIE, KUBENZELE OV (ZY
—ERERHT I REREWTHY., KO THEICEEENLZVILEERELTS,
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Box 7.2 Reporting emissions from regional transport
hubs—London®

London, United Kingdom, is @ major international transport
hub. It has two international airports located within the city
boundary (London Heathrow and London City) and four
international airports located outside the city boundary
(London Gatwick, London Luton, London Stansted and
London Southend).

To calculate GHG emissions from transboundary air
travel, the distance travelled by departing aircraft from
these airports is apportioned to London based on the
percentage of air travel at each airport serving the city, i.e.
those flights used by residents, workers and visitors. The
latter is obtained from a survey conducted by the UK Civil
Aviation Authority on the origin/destination patterns of
terminating passengers at major UK airports. This survey
suggests that airports further afield also serve London but
to a very limited extent and are therefore not included in
the calculations.

'S

47. Source: BSI (2014) Application of PAS 2070-London, United Kingdom: An assessment of greenhouse gas
emissions of a city. http://shop.bsigroup.com/upload/PAS2070 case_study_bookmarked.pdf

Copyright® SLSV CES fiff%/i1/SLSV CES INSTITUTE All Rights Reserved
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7.7 Calculating off-road transportation emissions
1.7 RENEERBEHEDEE

Off-road vehicles are those designed or adapted for travel on unpaved terrain. This category typically includes all-
terrain vehicles, landscaping and construction equipment, tractors, bulldozers, amphibious vehicles, snowmobiles and
other off-road recreational vehicles. For the purposes of the GPC, only activities in the city (scope 1 and scope
2) emissions are included.

NENERE, REFEDTHDOBEDHICHKETSN, HFBESNTNDEDTHD, —DATIV—IZE, —HH
([Z& T2 %t IS (all-terrain vehicles), AR KU KM (landscaping and construction equipment), k5424 —. 7L
F—H—  KEMAR, R/—FE—ELRCEOFTAO—R)IL—avE—TLagEND, GPC 2B TIE, #HRN
DEEN( RAO—TTRUV2)DEHENSEND,

Cities should only report under the off-road transportation sub—sector emissions from off-road transportation
activities within transportation facility premises such as airports, harbors, bus terminals, and train stations. Other
off-road transportation activities within industrial premises and construction sites, agriculture farms, forests,
aquaculture farms, and military premises, are reported under Stationary Energy (see Table 6.5 Overview of reporting
guidance for off-road transportation activities for guidance on classifying these emissions).

i, ZHE, BB NAZ—IF I RVROIIGEXERIBEBA TOL BN X FHNOOBHEE . DB Hx
YT —TOHMETEONEELL (should), THEMAKRVEFZRRIS. 25, N BERESRUVESEHRA
DOLNENEXEEE, BEIRILF—THESNSG(R 6.5 ChoDBFHEODBDAAT Y AD=HD N ES
R EE DM ENAF ADOBEESIR),

All GHG emissions from combustion of fuels in off-road vehicles within the city boundary shall be reported under
scope 1. Emissions from generation of grid-supplied electricity used to power off-road vehicles shall be reported
under scope 2 emissions.

HHIERATONENER COBREHREN DD L TO GHG HEH 81F, Aa—71 THRESNRThIERSA0 (shall),
NENEMZEE T 20IZEON=T)INHIEE NDORELNODHHEIFAI -T2 HE TR ESNRT NGRS
7L (shall),

Comprehensive top—-down activity data on off-road vehicles are often unavailable, and alternative methods are
typically necessary to estimate emissions within this category. Some options include:
NENAEmMICOVNTOBITFEHMN TIVVFEHET —RE, Z<DFEAFAIRETIEEL Mo RBWFATE. C0
ATV —NOHHEZEE T HEN—RNICRETHD, —HOF T avITFUTHEEND:

- Conducting a survey:

- Be sure to include households, construction, and relevant businesses to capture gardening, landscaping,
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construction, and recreational equipment.
Use population served by the survey to scale for the city, generally. More specifically, aggregate scale of

sub-sectors for increased accuracy:
- Construction permits served by the survey to scale for total permits issued for the city

- Number of households (or population) served by the survey to scale for total city households (or population)
- HEDERE:
- EE R BEREUORE. BRRMIIL—2av R e iBET 220, BEEENASTTNDOLEHERICT 2,
- — R, BTOEHDORIREETDHIHABEORRLEGDIAOEFEAT D, FYERERMIC, EREEEZETHIC
YT —DREEEET 5!
© BHHOEHITHENERIGE I DV TREZ G D-OICHABEDOR R EL LB Z IS

A (XEAD)BEHIOWTHREBEE T A-OICHEICLYR R LN HHFH (T A O) DK,

- Using national-or regional, where available—off-road modeling software:
- Requires inputs on number of engines and technology types:

- BXE AFTE5A., EOBNET LY INI T OFIA:
IOV RUOEMAATORIZONTA U TIaE kDD

- Engine populations
- Annual hours of use (can be estimated, based upon city characteristics)

- Power rating (derived from off-road vehicle types)
- US. EPA has a tool that can be used for this purpose, NONROAD 2005:

- Available on the U.S. EPA website: www.epa.gov/ otag/nonrdmdl.htm
C IUDUH
- FREFEARFEGEEHOERICE DT, REHHIENHED)

- NI—L—hFTO—-REIOEENSFD)
-+ US EPA X, COEMD=BHIZFERY LM HESY—IL, NONROAD 2005 £Hf> Tl V%,

- U.S. EPA website: www.epa.gov/ otag/nonrdmdl.htm HS A FATEE,

- Scale national off-road mobile fuel consumption down according to population share.

- AOFRIEVEORENSBREEEEERRE/ NS 2.

Electricity used to power off-road vehicles shall be reported under scope 2 emissions. If appropriate data is not
available for the sub-sector or if it is combined with on-road, the notations of NE or IE must be utilized.
NENEBEFE T DOICERTEEATAI-2HEHETRESIN AT NERSER(shal), Y TEV%2—IC
DNWTEYLBT —INAFTELNFGAEXERERE—RLELOTNDIGE. NE XIF E DERKEFEEHRT .
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