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EIPCC HFIBESMIBE AT Y MER, FEABAE
FEAZ T 1994 4EF112005 4 (1) = MGG HL[12]. 2015 4E LA
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Research institute and database Data source Year range
Carbon ioxide Information Analysis Centre (CDIAC) https://cdiac.ess-dive.lbl.gov/ 19512014
European Commission’s Joint Research Centre (JRC)/ Netherlands Environmental Assessment Agency (PBL)

Emissions Database for Global Atmospheric Research (EDGAR) https://edgar.jrc.ec.europa.eu/ 1970-2019
International Energy Agency (IEA) https://www.iea.org/ 1990-2018
U.S. Energy Information Administration (EIA) https://www.eia.gov/ 1949-2018
World Bank https://data.worldbank.org/ 1960-2018
United Nations Framework Convention on Climate Change (UNFCCC) https://unfccc.int/ 1990-2019
World Resources Institute (WRI) https://datasets.wri.org/ 1990-2018
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Bl “ NSRRI B IAUE B AH S I R e 4 o
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[ BE YR FH 5K Ve AE P2 R B8R i, T R G O i
T RS AN RS AT B, 45 2 AN R BE YR S A )
THFEAEAE T, AT A5 3 o AN A BRI R AL & CO, HE
CE[17,22]. HHEBRZFEGE (CEAD) HIAMEHES
FCHR[22]F RS B HE R 1, IR (P E RS
THEEE) A THRIRS ST gt dE, HEIHFA
A AR S B HE U #6,23]. Cai Z[24] AR GMITF R T —
Pl B R ) R T R SRR, AT RS B K
SEAHERUA T B E M o 1275 10 v R e 2 ) o S
T A% 4 E (CHRED) i8R, HA5 W 20 HE % 1 km.
XuZ5E[251KR H H T _F W77 288 7 1960—2017 4E 1) 42
BREBORHE, A ERH RIS RS H AR T R [ EREILR
K2 (PKU) -2020 F1 EDGAR] LA Kz e Al HF s 540 5 T
fE (L3% PKU-CO, i ., %G 2 T 2R EE K 2
TF & 1) ) AS RTS8 2R PR AR I ek R R HE B R 1 PR R L 5K 4
fifd) AT T B [26-30]. Wang Z5[31]A1 Liu 25 [32]4R #5
IPCC 45 1 2 1] 1 5= T 48 2804 10 0 5[ 0t K%
(NJU) -CO,]-

2.2. JH M BAZH
B B HE 5T 2 1R AT 5% T A BRAFAB WL [ B ik A

R2  EET A AT (LCAD B MR L 054 S A
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ANAT BRI FA T o R IA [ 5T REA F L B AR R 3
4 CO, HEHUR: Bt iy 175 JAT AL 2 RO X, AT Uik
DB CO R, FERHAE L5558 B R Rk X .
TN 2 O S — ik T8 2% 1) CO, % 7 V4[5 JE I (E
“Tiitts” (carbon leakage) 1, VAZ5 FEYH 9 & o = A (1 HE
T ARt AR AN R [ K K Sk bR CO, HFlE . Hal, 2
TR 7 (WARER 2 ) S ECATHE CO, HER
BWAROE. BARME, FETHRBZE 2R
e #r CRDAE A HIPE ) (2D R~ d0)
AT

Adr AR —F “ | R R BT, BAERR
R O B () B A AR R e [ ARR IR BIBEE” (from
the cradle to the grave) 1. A=y J& BAPEA v ik Ui £ B A
T AR BT o PRI S5 RS 007 AR R O, AT 5
R 7 i BN A o T A B HE SR . TR RS TR
2 C AL E AR, DIPEIN IR SE R .

WA HER—F “B BT B4, BEEEHR
AT R B &N GG TN 7 H 2 TR ARG
K F R A B [ oM X BT JZ ) CO, HR il s . — TS
BT, 3 v ) B FI T 5 T AR b X R e e e 78 vk
FeAHI X B 7 o A AR X R PR AR R HE GRS
Al b X ER] AR 7= N A ™= it 1T 77 AR (R s B [42] . VR 2
FET RN WL A T E RS Z 5 k& kAR 4
Wi, Meng %5 [43]f8 FHEEN = A0 1 R R SR 55 3 K )
A I S HE TR R se e, 25 SR SR B, 2004—2011 4R,
T HETBCAT M H [ 7] 28 B 55 ROR IS HB IX B fe 1 a3 . e
FEl AH 5 BRI 8 43 AT 1 2012 47 R B A 3R 2 I o0 A, 4
ORI, v ) em 2 AR R E YL = I BRI =
AL SR AL G ot o IX EE i [X 24 5 o ] ki i
B 1%, LB AL ZE L 5 42 3R B 2 L 1) 75% [44]. T 4F

Carbon footprint accounting standard Institute of publication

Released year

Product-level

Publicly Available Specification 2050 [33] British Standard Institution (BSI)
World Resource Institute (WRI) and World Business Council for Sustainable Development (WBCSD) 2011

Greenhouse Gas Protocol [34]

2008

1SO14067 [35] International Organization for Standardization (ISO) 2013
Organization-level

Greenhouse Gas Protocol [36] WRI and WBCSD 2004

ISO 14064-1 [37-38] ISO 2006, 2018

ISO 14069 [39] ISO 2013

ISO 14072 [40] ISO 2014

Comprehensive-level

Publicly Available Specification 2060 [41] BSI

2014
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K, AMEARMIE X H R Z B . MiSE[45SR IS &
() % X% N7 % (MRIO) 35 7 2012 4E 1 [F 30 4
Hb DX B 12 AN YSONBEAAR (9 SR e B A2 328, 368 3 Tl e 8 R
JERBHT TIRAF . S5 R AR, W R IR 5% Bk
DUBR T 17% WK BER R 8, TN S I A (2
A B 50%) AN DTk 25% 19 5 BE Bk A2 T8 o 7 7 e o5 BT 2
(COVID-19) il # K G, RHABN ML 7RI
BHERC s, CHBA R FCER B TR A . Bln, B
—IUR LR, 5 TN R R, RkSAE
(2020—2024 4F) A= BRZ8 % AUk 1 B HE s = TUE K T B
3.9%~5.6%. HTaER&EF @ R EEAH BAKSE, BIfEA
REUEBIBUR, — NEFF AR AP S IR H 2 S 80t
by B 2K AR HE TS0 D [46] -

2.3. SIS 5k B AZ

SR R IR R H 2R G R R, S /T S
R TTE B R AR R 2 B R 2 1 G . 2 T
A HHEBCESL I R 80 (CEMS)  Fl{# BLIH- AR ol i X
(FTS) S5 Hrhy W g £, LA & SR 2 & (GOS-
AT) FIXHZ WAL (TROPOMI) 4538 8% T ¥4, 4>
T T SR 5 35 FH3I ed993 B Ml 2 S5 IRAT I3 X A BR 48 G AN
HAARHER R . BT, Doblas ZE[47)5 T HH AR bk 7
SRR MR R, R THETHIE1'S (Sentinel-
1) TR ST W A R e HE S # AR AR 26 2 TR G R I
MR TNE RS (EWS), B N 94.36%. 1% ARG
A LR AR B Se i M5 AR A S R HEC. R Ab,
DA BIF 7 38 0 A AR R B HE AR, SR T R AR AR K
9 ARV R AT S AR AR IR AT O 9 3 S i R R R T
[48-51].

P R A MR, W A ERSE R R AR 1
RIBIRH 7Y TR . SRR HE B AR 1 B Ak )
TF FC A (832 7 15 ) 24 AR (K B AL AIA TT [52-57]. AR Hh
TR B 00 3 R P9 3 77 A SR B HECEUHE , Tian S5 [S8] K I
INEE R I BcHE U TE 2020 4R 4K R %, R 4 A ik i
K {8 - Lian %5 [59] 45 & 6 AN T 2 SE i M i M5 I &R &%
(CEMS) 1 UM 75 vk, W0 17 3907 ek 9 25 fili ¢ 92 175 1)
ELER 1) CO, Jo HEBCE,  ATIAS 3 7 DR ek 79 25 Ml ¢ 5 801
SRR AT BRI M AN &R . CO, RS
2020 4 [A W1 7K FAH G . Lin 2560148 F 42 0 543 2 5 i
SR BT e 7 B A A 2 A ARG s R HE A . SRR, 5
PEWGRIAH LG, Bre i 2 il 2 e s A R], AR H AN R H 1Y)
CO, ¥k & 43 5l ik /b T (41 = 1.3) ppm (1 ppm = 1 mg-L™)
F(26 £ 6.2) ppm, LAE HAAE H 2 8] J- A A71E 3% 2

5o Turner 55 [61]f# F A% AL SE 1 IH 4 LIS X I g 15k
RSO . Bds o, e R 2 I IR, AR
FWHEEOR D T 30%, XA IHETACE R > (48%),
NI R A 1 2R 48 F S B T R Bk Al

T T A A KSR R Y A B T — 2D R CO,
WIS FE o 36T TROPOMI & WL %4, Zheng
SE[620 4k T T B 7 v 75 Ml 28 22 15 39 ] v 1] 548 e HE i (4 30
Sl g5RERW, M20204E1 AFI4 H, FEMCO,HE
5 2019 4E [F HAAH LLk > T 11.5%. BEJG, HTEFE
TR ENRGETT JE,  BRHERO 2 T BEAE R K dERIR T
JFH IR, BN, SEBECEE XA N CO,
Hes 2 N B gs, Bl L L AR 4 20 AR R (FTIRD
BB, BABORD T 14.2%. GOSAT T2 ik 5w,
T HEROR > T 15% [63]. Buchwitz 25 [64] ] FH 436 B 0 il
25 (0CO-2) P E 1 GOSAT P& KWL 4z, Ak 5 5
T8993 2 i ¢ 92 175 Hi ) o [ AR AR ML X R AR CO, il 45
REWY], 202053 HHM4H, CO, k&2 10%+10%
[PrdEZ (std) 1o HZ, HIE8R, AFE 0 m K2
SN, HFHDEHIREN TS RAEREESR, RY
AT 1 T2 Kt o o 0 3 S W T = PR

2.4. WAEWZE LR

DA ) =R HOT LS AR B (R3). Hr, &
PR S R, BB R A . SERE L
P85S PR A P M e B 1 U B B HE TS 7 5795 2 HE S R
MIATEE T, XEemEEREH T2 R, I sl
T E AT . NS, XM E T
R ER TR T AR RS PR B AR
B PEAEAS IO T B 25 SR T SR ARG R s [RIRT,  BRIE
Gt BORH R AT IE AR KGR (—FBHE A, HH
— R R DV R . DR, BT AR PR A RRAZ B VA
SCRPREFE S 2 B BRCHE O 58 07 AR CE R A . V8 el Bz 55
TIFE M EA T EEE BEREON A, HRZITEN
PR BRI, Rk, THESS AR R A e
AN, 7SI BB R RN S R I R AT — 2
MIREIR, i B 72 2 HR e LU, TR, TRVETT R sk A
PEBASHET . RE MM REAEH, (5T ZRHEK
BTSN S SR . SR, SR P B b T A
A AR A DS BT AR R o (1) R AR PR
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R F7 2% [ER B ARAT 20 AR 4k B A B b A TRl (7



R3 AR IERER

Carbon accounting methods  Input variables Advantages

Limitations Main applications

Production-side carbon ac- Activity level da- Easy calculation; high-cov-

counting ta and emission  er applications adaptable

factors to multi-scales (micro-, me-
$0-, macro- scales)
Production activ-

Consumption-side carbon ac- Detailed calculation; high-

counting ity data and cover applications adapt-

Process analysis method/  emission factors  able to microscales
life cycle assessment
10 method 10 tables and

carbon emission

Easy calculation

data
Real-time/near-real-time and ~ Air flow & CO,  Results with high accuracy
in-situ carbon accounting  concentration

conversion fac-

tors

High cost; low rate of application; time & cost

Huge uncertainties of emission factors; time lag ~ Mainstream climate change

of more than one year; low spatiotemporal reso-  research and reports
lution; time & cost consuming is low due to very
mature techniques

Huge statistical error; huge uncertainties of emis- Carbon footprint research
sion factors; results with low accuracy; low spa-  of products
tiotemporal resolution; time & cost consuming is
low due to very mature techniques

Huge uncertainties of data quality; low continu-  Trade-embodied carbon
ity of data; time lag of more than one year; low (footprint) research
spatiotemporal resolution; limited adaptable

scale (only macroscale); time & cost consuming

is possibly high due to complicated mathematics

encountering multi-country analysis

Ecological degradation/di-
consuming dependable on the specific research saster impacts research;
COVID-19 impacts related

research

N A BT BRHEEOT e SE R i, LAY AR
HRIZh A, I B mTSE PP AL 25 M AR B R
SN AT RIBRHEBOZ 5575 7 2 B P 75 ZEAR DR 45
AT DB HE B S A7 AR — G BRI ) RE SR
QA BER BRI IR AR - 2 T P AN 9 7 A
Fe I 25 AR AR, A BRI SEI R HE R SR P AT
MAEEh A Bl PR T BRI AL R T % 1207
VAT FH R SRS BT S A BRBRHEA, IO S E 5
TATWA S Bk H B &, TR o b 3

A1) [65-66] -

S BRHE R BRI T — B R T AT i 3 s (e
BOZE 7 (B Do RIS, KA RS AE
FIBRHEBCR o AN K . Tolk, JRRIE S, Hhi
B4 WS RS AT B BRI — A% 7
%, ATRHESH IR ARG

E= ) Ay X Fone) (6)
A, Ay P F grergy 77 TR AT B35 B B A HE

Data collection &
input port

¥ 7

l_ . ' Residential Ground l J ;

o Electricity Industry - consumption — r—transportation ~--— Aviation Shipping ...
| Thermal ] :

o Industrial Heating ; Amount of

: gﬂﬁgrgct:iléyn praduction consumption Traffe Elightdata shipping

B L B EINBHBR BN E or v Asecon n> Ascotor i M E\_ seators 7T MNFIRFEMTAE 0 REGESHECR . SEAMTALEE n RERESIHEE . FEMTLH R

RV SR AN FEANAT W ER § R I HR U

-

Data cleaning
module

. ‘ Delete

duplicates and
outliers

Emission accounting model based on }

activity level data

—"| Fill missing values |

__ Asector,n

Etfscctor,n i -
sector,i

t—sector,i

Unify resolution (day

level)

[ Daily emissions per sector for global }

main countries

[ Data real-time release/output

module (port)

J
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SRR
F ATl P PR BT B S R AR R 1, T LASRF
A7V 035 SO HHR R HE RO T (A 1 F ) AR E IR
TEESR AR T, AT B — 28 5 ATl 3 30 e

BRHE RO 207 42
E=>  (AwuxFruw) (7)

— AT 55 B 5 AR ST BB B 1
B, A AR W% AT b A 7 S BRE B KCE (3 0L IPCC
T HTE S « AT AL BRHEROR T H AT R
T RELE R K SRR O ROR T o E R TE — e
MR R, AT WA TR A, 7E 5 AR
PAAR % 32 e 6 R Sl B 8 P AR B S 1«

N7 8 R, AT Il R T AR (3 A
Ve, SERFRRHEI R Goit— AR T — B TSRS B
BRI T . B2, SERPICAE S T S A AT LIS
B9 A FF AT AV T 1 S i . i, e AT R
{1 25 BB 4 R AR T AL MR, L
ARSIk, FTLRARA R (R ki
R AT I B MR AT . T A AT L E B HE R
PRI, LA e A, R, T ORI A0E
RS AR M T A BAT L 0 3 BB A . AR B
EEKCOP SR 3 4 R .

SERBIR RS, HEATHURE . SR . DMK
EHMIE:. QBMBERE (KT4MrlE2): @XAL
PERRAE A SRS, DU SR R 1) 5363, 45 H 4T
Gi—. WG, BEAMTATEYE EERR R 3T 47l
TE BB MR HE SO BB, IR (D) HHATIREL.
AT B R T (R R, Rk

_ Asector, n E ( 8 )
t—sector, n —_ A X t—sector, i

sector, i

HF Bl o Asecton s Asecton 1 T E _eeror, 1 77 B FRFEA

AT EE n RIS HEBOR . FMTIEE n RIOTE S . B

ATV § R S SR A BEANT L SR R A S R .
e, AT LB B e 1, SRR REUR A 4Bk

E

R4 BT AR A 2) £ b 1

FEEFKM-FATI S B k. 5 Harrmaz s s
LG, SERTBRHRBEEAR R A LU IS R BT T AR
BHAFEMBRHEBUZ H 75, 18 H T — B E 2,
Z 7 AT DIARYE & A A P AR S B, AT B BB
PKFo H AT BRHEEC 2 R BRI 80Z T 1 HESOT
EREHEBOREE, T S B R G v AR H R S
I FATBHRE BT - H AT R B O 7242 U BcHE
JHCEUHE 18 5 AFAE—F L B (R AEIR o SERTRHERCR S
TEAT SERF 7K B3 w7 R R A B HE OB TR RE T o 1%
TSR WO &S B AP, B TAT I B KT
FEBHEOZ SFASE R rp S o B, I Hois e 4
1 S B TR AT B TSSO - i B 57 R A T Ak i o
i Chttps://carbonmonitor.org) .

Z 2% SCHR[65] VE 41 1 i 73X B R 1A e
PE (£S5,

ANk, S BRAES R A T2 T 3hAs ik
He ORI 037 et 955 25 i 98 15 (s . R T SERTBRHEBCR
G0 AT R I A, Liu 55 [66] 81 % 4 3K 32 22 [H AN [F]
I COHER, FFRE T i SErt i, 258K, 52019
AL, 2020 4 AR 4R CO, HEBUR > T 8.8%
(=1551 Mt CO,) . i Ha U H i i 26 B 1) 5 [ [ 5 2 1 1
SEHF A, BECHROE T E 20194 1 H 20204 12 A 1)
B DA RSO . 1508 18T e o3 2 it 98 2 1 0
F AR . SR EIR, R R KR D T ik
Hoil, BT EARAGEOR, X2 T R E &AM A S
PABOR LB RE[67]. AR i W HHE 245 21 1 o [ 48 2
S HOE B, BRER T =AMT (g T AIAS D) 1
CO, s A%, IF Hg Al & 1 i Co, His. 4
RRW, BYAEIATI AR A B R RE, K
VL RAAE AT LA R 1) TV ER T I i & 34 B B AN R, A58
A7V A2 5 4B H RS0 BE K [68]. A2 ImAT MV [ V41
s o, 2020 4F B4, ZAT M R cHE OB R BE
BEJ5 S . B R ok TR 9 AHE69] -

Sector Source of carbon emissions

Activity data

Electricity Thermal fossil fuel consumption
Industry

cement production)
Residential consumption Fossil fuel consumption for residents
Ground transportation Fossil fuel consumption for vehicles
Aviation Fossil fuel consumption for aviation

Shipping Fossil fuel consumption for ships

Thermal electricity

Fossil fuel consumption (e.g., steel production in high temperature) and industrial process (e.g., Industrial production

Heating consumption
Traffic
Flight data

Amount of running ships




RS BT E T

Sector Sources of uncertainty

Uncertainty

Power Inter-annual variability of coal emission factors and changes in mix of generation fuel in thermal production

Ground transportation

Tom congestion index in Paris

+14.0%

Assumption that the relative magnitude in car counts (and thus emissions) follow a similar relationship with Tom-  +9.3%

Industry Monthly production data +36.0%
Residential consumption Comparison with daily residential emissions derived from real fuel consumption in several European countries +40%
Aviation The difference in daily emission data estimated based on the two methods (flight route distance/the number of +10.2%
flights)

International shipping International Marine Organization (IMO) +13.0%
Projection of emissions Combination of the reported uncertainty of the projected growth rates and the EDGAR estimates in 2018 +0.8%
growth rate in 2019

EDGAR emissions in 2018 — +5.0%
Overall — +7.2%
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