a4 % b & ¢ (i EREE ) A2t
SCIENCE CHINA PRESS
CrossMark

& click for updates

goe2 18| 31 (S U ML e W RTS

X A%
HHERFHIRF G2 R, JLa 100084

E-mail: zhuliu@tsinghua.edu.cn

2022-04-28 Wik, 2022-08-29 171, 2022-08-30 5%, 2022-09-01 R4 % 3
[ 5 [ /R 42 (71874097, 72140002, 41921005)% 1

% AXFES BRI ELIRAER R EE W AR IS J, 5H ko B AL E BT 23R o fin SELBR o A b AR
Ah. KRS oW R E R R A, KRR EARA . R RO R R ST F AR A E R EAF R
AXEA-—METRIT. DEER. ANFLREDBENRABEET %, AARALFHRERIFSEAME,
LI A KR HE R L B, o R R RO B I E R NSRS B R, B R E R R —
FhEAERE B IEE. T2 R 5B R B o b E PR ALAG AR 0 B HE B B AR — B TSR

HA AR — F R T 23 ¥ 2. AR mAR k.

Kl A, R, 2R A, BEH

SAEARAL R NS RTFEE R R I R Pk . 4>
R R 2= AARHE R A T R 2 BRI A<
AR F AR B R N, B A AR HE A Tk
AT Bef BRTHE R L 2, ST
TRTFR“BRHEC VA — BSR4 [ DHE L
S 1) 2 B [ g ) 5 g e ER A A AR 7%
FUK VA 7= I BB Sl 2 e 32 22 9 A 206 8l — S ALk
HECH, 5 NI S 2 AR HE R S R 80% . R,
TEAH WERR. TSR REVRTE ShBsHE S X i HE RO
WRHER AR TS S B e e E

Pa 2 Fki TR (Global Carbon Project, GCP)20214F
JEHE, M 1850~20204F, 4Bk REmHEH N 455+25
GtC, AEHI KR E 20120 6041 CAYF-13+0.2 GtC/atl
K F12011~20208 18] (1) F-449.5+0.5 GtC/a. 3375 104E ],
W E R HE RO KR 1%, oy IR, BN
3.9%, KRNI CF SCRIFRRKE) 02 oD -1.9%, FEHE
H-1.1%. Aefaihel — A bmHE R HEROE ) 4y, Ho
46%K A JFHE, 35%3k H JFIH, 14%% A KRR, 3%k H

BRIREL 08, 1% FIRBRHERL.

AR TR I ), 2 BKAkTT](GCP)
i, 20204 2 ERRRHETE20194F 4 1K5.4%.  20204F,
T E BRHECZ 5 A BR31%, KEZ 1 14%, 25
7%, ENEEZd7%, HAAE R FR41%. AN, b
I PR 2s FK S HR T TR 2 (52.9%. 0T, £5 B
A3 B AR 2 Lt g i ST ERAR RO AR, e E A
20604F, L[ H20504F, KRG H20504F. Al
I FR A8  t F BRI A B R G X Rtk A i B
18 R s AUERPE SR T 1 T R A K
1 AERERHECE ST IEBR

VLBRF 8] <2 Ak & 17122 51 2 (Intergovernmental
Panel on Climate Change, IPCC)%5 M Y FE FRATLAL il &
I Bk B A A RE VR TH B AT RE IR B 1k B A
B GBI i s, BRIz R
IPCCHI 2 I N TG SRR BB REIH 2% . Tolk 2k
PR R (EEURKIAE ) R AR LSS, P RETE

SUMRR: X017, ABRER L Y IE 2 ey k. Flasid, 2022, 67

Liu Z. Near-real-time methodology for assessing global carbon emissions (in Chinese). Chin Sci Bull, 2022, 67, doi: 10.1360/TB-2022-0494

© 2022 (PIEFEE) Akt

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2022-0494
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2022-0494&amp;domain=pdf&amp;date_stamp=2022-11-03

@43 &

TH B Tl A 77 0o R Bk OSB3 2 ) i HE IS A,
DAL M AR SCARAS 1 RE TR I 2% R0 Tl AR 7 v AR 1 1 422
WeHE, AR b A AR A6 T Bl b = A i
AR, IPCCHERF MtRHE A I ki A S % 1k
(reference approach)FIF[ ] (sectoral approach) Bz,
S AT E G RE IR 2 S R Al A A,
H BRI o B MR AE P MR DR R N 25
B TR R ARYE 0T T BE TR o B 40 A 43
T AR HE R, I R4S 1 S AR Y e HE
.

T HE R T LA 23 A A e T HE A A Tl ik
FRRsHE R

Emis = Emis g, + Emis; - (1)
P RERRRHE R AT h 202y 35
Emisg . = AD g X EF, 2)

Hr, ADg HREIRIH P0G shE R, EF AR BYBRHRL
A5

Tk HER N SR AR AR B Tk L SR
BERCRAT K, B HER R ] DhtE— 2553 R
EF = HV x CC x OR, (3)

Hrb, HV. CCHMIORIMMMUERARER™ M AYIRE &
B AAEAL R, Pk, A RETEAR HECRE AT AR 4 =X
(ks
Emisg o = AD g X HV X CC %X OREmis

=AD . x HVx CC % OR. 4

Tl # E BRI LR 7 b fe, HRRHE R S 1
JE R 55 A BRI e HEE A, 4nX(5)Pis:
Emis 4. = AD p X EF, ®)]

indus

Q) FIS) I, BRAHERCAL - B AN 7 1 3220k A
Jii, RS SN B (RRIEE P i . Lol ™ ™ i) #l
BRI A .

1 T IPCCHERE Y T3 07 12— W RE IR A OF
FIR T —IRAEIRE AL . ORI R P B RE VR R,
MAOBHEREIR R I SEINE), —IKREIRAL T RETR LR BE
(A3, T LI 07 86 R s ST 1.

FUR,  HH 590 Rl A o 45 B B A T IR AT
AP 24 CEIRRIIE E 595w — A fifE B
7 HrHhis(Carbon Dioxide Information Analysis Centre,
CDIAC). BRUIBAHFSE H.0(Buropean Commission’s

2

Joint Research Centre, JRC)Ffnf == M5 1AL HLF (Neth-
erlands Environmental Assessment Agency)®BRAS M
S HECEE 2 (Emissions  Database for Global Atmo-
spheric Research, EDGAR)". [EFr#EVEE (International
Energy Agency, IEA)", JEREIRIEREERH(US. En-
ergy Information Administration, EIA)”, H#H4RIT. Bk
& S AR AHE SR/ 2 (United Nations Framework Con-
vention on Climate Change, UNFCCC)¥ 3 72 I i # ¢
Y5 RIS 0T (World Resources Institute, WRI)Z!'"),

AR, AU A R 2 R aHE I 25 TR AT
PR A BRI HR IO 12 A 25 ) 43 %
R0, 1M AF B TR R BRMAE A7 s N JERsHROT ik
H¥E7E . (Open-Data Inventory for Anthropogenic Car-
bon Dioxide) & HLas [ 73 HER 1 kmiy H BT 22k
AL fh; PKU-CO2IE 4R K A1 23 18] 73 R 0.1°H9 A
JE TR A BRAMEAS AL 7= s b I e o R RO R
(China High Resolution Emission Database)M4Fa¥ —4F
FOHras (8] HER M 1058 1 ke A 5T XF A [ b X A HE ™
mh FPE 2 HER HERR B (Multi-resolution  Emission
Inventory for China)H & B Has 8]0 HE5 H0.25°)
] ] R A PRI i e e R A AR
(NJU-CO2)IZA4F B 2= 6] 73 B4 04 0.2.5° B4 v ] [ 5K
B SR E, DL EBERAE RS [ o3 B ok 20
TR RUEE 2 (B s (RUBE H 7 ot 7 i Y L)), )
FHRBRBOCEHE . A SEEE 2k AR s
JFEEDGARME 7= i i F A OpenStreetMap %) « i 1%
BAESE TR AR g, 20 25 [ A & ik b B s
AT XA S X 3R )2 [B) A0 B, AN ITTAE S S 40 /)
ANHH R PR R O T A5 B e i B R B A A AR

SR, YHIIETIPCCRIBRHEBUZ A T i K
FREIR G TR, 7 S0 A R 500 SRk B
et e HE R AT DL F, (B T8k 55 T rY X5
BE, XRREATL, Tk A b G I BeIR g .
n, P E A RRE, SSmERT T RIS AR A
FE SCHE I SEIAZ B 7 VA R A R, L RB AR AR R R
JETT i, 456 O IR BRI AR, B TEAE
REE FUARBIRGE B iAo 2, AR AN
AR P A AT BER A TAZ S o L. TR, BT
FIE R R IR G s i HAG —4F LA A s [ i
Jatk, BILMAE RS, MELL SRR 55 10 = )
2 HER IR A, BT IPCCRYBRHERUAL B i
BAPI R e IRER AL (1) R e 8 A



—AF LI R Rl R (2) A RGO /N 25
BRI,  TE 2Bk B9 4y RIS UBA TS Bhigk
HAT AR TN, A SIS ERR . AT
SEMORHE SN A W S BORVEAL, a2 N — R Y
WHEC R .
2 BRSNS T

WS RI, B TR 3B A T ReR L (st
Frh, Bk, AR BRHEBORBEIRTE sham B A LM OC &
(fn, HecR AR FER . K. TR RS
[ LI R), ATTEAG TR HE AN P A 9 L A S5
IRBsHE T 3 L SR AT, AT S HE R ]
Al SRR Ak R, Tk, sciliak. JER
THZRAANEET]. AR X RRAER T A N5 Bl B S 80007
STHEE, B0 R R HE ORI 283 sl s 22 (] il 4tk ¢
FIATIHE. BIan, Kk J7 & AT T RIRRHERR 1 AT A%
TR@HBATIHESE, 0T IF FHBRHEBOR K ) A i
BRI T T
Emis,,,, = AD 15X ECR x HV x CC % OR, (6)

Horp, Emis e 7 SEIS K3 S RUBRHEICERE, ADqp v 4L
SRR LA Sy I R AR, ECR K ) R AEHEFE
B, HV. CCHIORM 73 HAEMBIPE . Sk
AR, 7EO)h, TR RHT W LIRS
BAAL K T3 A A B HE A (RIS K g e H R Y Bl
HERH F EF ger), 2X(6)RT {46y

Emis o = AD 1p X EFjye;. (7

TESEbriz A, 2GR AL Rk Tk
H it S ORHIE AR B (1] A ) O AR 5 OC 2R (UL BIMIRRHA
FERED), A FEARHBRHE T (EF) WA A R A%k
PR, PRI K S et T it — 20t K ) i
aREEEIE
Emis o = AD 1% ECR % EF. ®)

F1 AREHRESH

Table 1 Parameters of the extent of human activity
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Figure 1 Framework of the near-real-time methodology for assessing carbon emissions
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Table 2 Sources of emissions and choosing of activity data for each sector
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Near-real-time methodology for assessing global carbon
emissions

Zhu Liu

Department of Earth System Science, Tsinghua University, Beijing 100084, China
E-mail: zhuliu@tsinghua.edu.cn

Climate change is a major challenge for the sustainable development of mankind. Carbon emissions from human activities
are the main driving force of global climate change, and the quantification of carbon emissions is the basis for coping with
global changes and achieving carbon neutrality. Developing more spatially and temporally fine-grained carbon emission
data to achieve more precise, accurate, and timely carbon emission monitoring is at the current forefront of the field and a
major national demand.

Here, a carbon emission quantitative method for near-real-time global carbon emissions is proposed, based on multi-
source activity data such as statistics, satellite remote sensing, and observation. By parameterizing the extent of daily
human activity, it can achieve a near-real-time quantitative estimation of global and regional carbon emissions according to
the methodology of the IPCC 2006 guidelines, resolving preexisting challenges, including time lag of yearly emission
inventories and how to spatialize the national inventories in high temporal resolution. This paves the way for more
accurate, reliable, and verifiable carbon monitoring.

Specifically, near-real-time estimates can reveal daily, weekly, monthly, and seasonal changes in global carbon
emissions. Results show that emissions are highly related to human activity (e.g., the emissions from Monday to Friday are
at a high level but return to a relatively low level during weekends). In addition, winter emissions are higher than those of
summer, reflecting the greater demand for heating in the winter for populations in the northern hemisphere and cooling
demands in summer. This phenomenon can indicate the variations of seasonal changes in each country, where temperatures
at different latitudes reflect heating and cooling demands. Sectoral emissions demonstrate the seasonality of power,
including that used by residential sectors. During the COVID-19 pandemic, emissions dropped unprecedentedly, with the
emissions of the power sector decreasing rapidly. During the pandemic, domestic aviation emissions were similar to ground
transport emissions, while international aviation emissions remained low due to the restrictions imposed on entering and
leaving countries.

Spatialized daily emissions reveal discrepancies of fine-grained sectoral emissions with a spatial resolution of 0.1°x0.1°.
Global daily average emissions show that emissions are concentrated within eastern America, western Europe,
southeastern China, etc., with the emerging hotspots being the megacities in each region. Sectoral emissions vary because
the sources of emissions of each sector are diverse.

Uncertainties are crucial for evaluating the performance of spatialization and fine-grained temporal discretization of
activity data. This methodology considers per-sector uncertainties according to the IPCC 2006 guidelines. The
uncertainties for power, industry, ground transport, residential, aviation, and international shipping sectors are 14%, 36%,
9.3%, 40%, 10.2%, and 13.0%, respectively. For spatialization, the uncertainties come from national emission data and the
EDGAR and GID datasets. The baseline emissions, point-source emissions and scale, non-point-source distribution, and
proxy data contribute to the uncertainties.

In the future, additional high spatiotemporal resolution data will be used in extra cross-validation and corrections to
achieve more precise carbon monitoring.

global carbon emissions, carbon index, global change, carbon accounting
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