M 3B I 20254 F70% 2454134 ~ 4155 0 OPER2E) Zeit

e
HANEESTHARRER SCIENCE CHINA PRESS

CrossMark

& click for updates

Bkl s GRS G sisib 5 e Y

RET, RRE, FHLL IS, FAE, AARE, i kel mi, dE% FRT
sk xIAJE, 2B, @A, WAL EATF, EANRS, Mei!, T E s R
AHEE A A AR AWM, kw03 B ks’ RS A+
AP, 2 -

1. EREREZS K5 SRR, Jbat 100094

2. hEBE BN TR BT BE, iR 201203

3. MR R E PR ER RGBT, BT 210023

4. BB TR IR R H.G, JE5T 100094

5. bR REY PP, JL3T 100871

6. bt RAEI T S Be, JbaT 100871

7. R AE M B S iRk B, R 210024

8. PHMIR2E T 2B, il 310012

* KA N, E-mail: liuly@radi.ac.cn

2024-10-02 Wk, 2024-12-04 &[], 2025-01-07 5%, 2025-01-13 FIZ& R K& 2
[ R A4 111 (2023 YFB3907403) 1 [ 5748 HE T AR Rk 2 554 AESRI01 H (42425001) 9% B

fii% (EENE) #ELEZREETEHMNDCs)H A EINA GG EEFRAE2CHEN, HRLT 2B E AN
Hl, HEMN2023F FHEHFHT R AHBEL, TENDCsEAZHA#BEN. TEERAEAEEZN. FH., 23
ML &, KEHITRIE RO EWL2RRAE L ENEAKRER, A RELLREEERER NG5 H &
HR#ABRMBEHREGTLE, AXELRATREARNESHENE A, WM E S EBEFRAMNTXIE, 2477 &
EAREZHWEANANES, WAERUGEHEE. 20H. TR BERGIFEANT —RETLELRS, &
BUAT B & REIE A 23R & BT R 9 T 8. Hk, DL 23k BR 1T X (Global Carbon Project, GCP) £ 7| iF
HRENZOEL, BATL2ERPRXBARENEEAAHRERENRFIFEAR, AELAINT LEERFH
MR EHEAAECO,, CHy. NO=ZM £ BIRF A KRF AL EIER LAWK, 247 T I8 =E AR E =t F AN
M &E, FARETREBEAARNEHFATIENFX, HELTRETRLHEEARAEL T EERN
EAES, NERE. 808E, g FET - REEFAGRENTIEEE, GoHEE, ZHFNLKEER
FREMRLE, XHFEANBRERERREEARHERRZARE LS FE. A CHE EAMEL B L F BB B K5
BHER, ZRAMTAHREZEARERENESHARIAR. EEHEMLEHSESE, TUNREHNLSRKHE S
TEERKZAARRBEER, B KEFREAREREANLE.
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ppbH1337.66 ppb, 3l K Tl A Fr(17508) 9 1.57
2.77AN1 255 =R R B E AR S AR E R
PR TR RN 1 98% 22 47 (https://www.ipcc.ch/report/ars/
wg3/), HH KA B AR PG N, £l 104E 23k KR
CO,. CH,FIN O - B4R 3 5331 24 2.52 ppm
11.13 ppb. 1.08 ppb!!l.

T X 4RO Ay il 2 AR HE ORI R R & AR B
FRgk b, EPRAESB Ak TR = AR A ]
SRR ARORE IR, 201548 (A E ) #
FE T g E % B F Ti#k(nationally determined contribu-
tions, NDCs)i 42 )7 B ( A E ) & T Y THER
TR RIFE2 CRORK I B AR, JFET T 2Bk A5 (glo-
bal stocktake, GST)HL, IXJEMN XA TSN —
A LT 55 (https://unfece.int/topics/global-stocktake).
T Ik A R B T PP A A A ARSI AR T
FE ) BFRITTHES T WPt i DL R WRLe Ty e A EA,
SR R G AIRAS . IR TS A SR AR
HERE, TPAEE B (R E ) kiR Binid A
EYNINESIE S S P LR PR 1 s> STk SRS R AN ) 3
TR SR S S

KK B AN 202 VARG B S AR L HESL A\ 24
(COP)#261K 4 2 )5 K 23(COP26) 5 THih 1 H i i gl
WA . TRV G . 20234ECOPRA 4L B IR
RATT (EERPE ) SERESIRE (SRR A RS
EME ) (https://unfece.int/sites/default/files/resource/
$b2023_09_adv.pdf). 25 b KRS S0 g S P, g
T IEPRAE SR A BRAT DGR AR A LI DA AU A
HIRER TRER . BREHE ., Bl A+ REHHA
FUARZBEA A DL A, XT3k st &= AR . EE5r
AR RN ZEHE AR B 4 A O AT Bt SR A T
TIPS, it xd b T RS S 2R SEBR R, &
20165 (EAYNE ) ALK, REEERTENHE
R AT B 3 I R g A=A 55 T A TR X R R
B320304F, 2BRIE % THHEHAI A 203~
23942 CO Y it HERL A A T 1.

R AL S TE20234F IR kA S, IR
AR S — IR AR AN, BB AR 2 T IR S SAAHEOR
THEREE, DARPEAR 4 277 R B D HRIs 2R A 28 A 7
X TASCR . sk B R AR VAL 45 24 5 I HERS it
ORI EER R, R TR EE AU S I R
K. BT CHHEBGER & DAL 2 5006 sh A B E
Heah, A AT R T RS SEE FHE

A TR FEATIE BAGBR. 1207k — 7 T R AP AT
W BFiE shge it B, mir 2k EhEZeR=Z AT
777 1 SR Rt 55— 07 T A AR AR L b —
BT L A HE BRI A S A AR R AT E M. Sl
[RIRF, AR AHEEOR SRR R A SRR IR
IR AR, R SRR S AL 32 N
HEep s, SEJRA0HE F AR IR TTHRAE N B R 5 R
Z )R R RSl b AR O 42 IR R PP D K
SURASACIAS BOR I E S5 R T E A E .

TR R EE AL B s B
FL IS SRR LR, S
SR M AN P B A B AR T B B TR R AR 1Y
P AR, % SR TR BN £ RB S A 42 3R Bk
SARHE AR = AR I . B R B AUA
HEBOZ AN BRI AL ml S5 Sl 8L BT —
R EFRIATT I 2BRERAZ A L. 20194E 5549 )8 B
IRF RIS AE AL T2 B 22 (IPCC) 22 Eild iy “IPCC
EPRLEEi= Sy E S T L VM= S VR V6
FI b T 5 388 )i 2 AT e 30 HR 0T B8 7
PO RS S HLU(WMO) [ R TR o i UL 2 B
23(CEOS)AF E PRel 21t 4y Zy $ 1 AH 7 Mt 2 <A
0 P 28 /0 TR 3R, LS A 20284E 58 I 4 Bk
ﬁﬁﬁi”l

MR e, HAS, g RAERZMALUEER
I3 R Tz SO I - A - SR (MVS)RE S, it
T HARACOMCH, AR Z AR 1 TR, W
H 2 iy 2= S AR T & (Greenhouse Gases Observing
Satellite, GOSAT)™ | & K AR 2 S AAHE W I AR 55
(Greenhouse Gas Emissions Monitoring Service,
GHGSat) 551 AP S B BIE BRI (Orbiting Car-
bon Observatory, OCO)Z 4! TR KR iy — & Ak
I B2 8% (Carbon  Dioxide Monitoring constellation,
CO2M) I JLh I CO2MI I, H4TF20254F &
SIPIRIE TS TR, TR . RO, S
WA BRSNS W, 7E20264F iUl = A HEIMVS
Bk A R AR T, F20284F 55 IR 2 BRA R dR
P4 1R0.05° W% 73 BEAR BB HE RO 55 T M DK,
JSCA VA 2t 249 77 UM A8 A 24 18 R 1) o B AR AR A
i, FREWRT LRI . morPeR. mm,
R BB I BE ), AR HEEIPRT TR A AR
B e A b R, i [ PR U AR A A S B TS
AL HE20164F12 A 1S5 A i 10 TanSat, 52
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BT 1.47 ppmfi BE 1Y K COL MR B (X CO,) Y Ji i
2018F120244F AH4A K5 T 1514355 (GF-5) T E MRS
S(DQ-1) A, IR T20254E L HDQ-2%%, St AR
TSR AWM. BABE AR TR DU SIS
R, IFH0120264F K 5 T —AChk TR, AMUELEARRES R
CO2M B E M ZZHRIAEWMINEE T, B34 4 kmrBF
1500 ki G PEH, W1 SC R B THANIE H
S H AR, 20284555 IR A BRI A PR 74 L
S R,

T3 R SN ) A RO AR AR EE L A
17 [ A B2 T8 %) b vl 2 Ak 3 SRR B
B AR AR R G HECS W L B A SRS shHERCan kil
WA . WFKAR)AFREFE R, T AERER AL RN XS
AR TR ZUR E AN HE . AR S L
B TR KR 2 SR 93X 26 TR A1 B
s Ok A TS SRS B S B ER IR A
R, TR RS T B A R n ] DA T SO0 21 3
MR ) S L DAV B B G ST DA A E
NARHE S A 25 2R Gemia f 0 43 128 5 — R 51 SRl
eI, 4 BRI FH 2208 TR s - i (2 25 1) IR ) )
ZF G KB E . B R A A S R R ATk,
P R U 2 AR W R 30K sy 2 Bk B A
WA, DASTER SR R BRI = ARG A Ak
Ay CAIE BN [ SR R X IR EE A B BEEk, A
1717 88 B A At 2 AR Ik AR AR T SR U

ARSI B8 A BRSNS A AR AR X B 75 2R, B
AYHTT E MG = SRR 5 & R aRkE
B ESM(CO,. CHy. N,O)HE 5@ R ITA fiE
JPIRBE, B Y F R = AR NI S R A R 2 ) S
FEARMERE,  FRE X PR Y rp R SR S R
W, N ERR SRR RS B AT
fliER L 77 4.

1 [ ERERE IR S AR 2 (K

e e

AR 5 4 T R AR N TR
S ORSANNEIN,  DAYTAS BIMSLER 24 7 I G it B4 5 e A
BRA R 2023 R TR KRE(WMO)E 19)E 410
HEUE T — I 9 BRI E AR M4 (Global Green-
house Gas Watch, G3W)H1X. G3W B 7Eiii & e BREL S,
TR X A 78 A Rl 2 A< A e 8 R A OG5 B 3
YIFEaR, (RN AR A B SR R P = AR e
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SN T AEAE ) SR 5 B A, #EBhER A ER T
FF R SABEAR DR B DR A T B0 5% i L B GS TR A 4
FE.

G3IWERHCO,. CH,. N,O=Fl FH i %= KM
N AR R L RE S, EERANSRALR: (1)
— B4, FREE . ABRUEAY M A TR LR, f
§fCO,. CHy FIN,OMCEE . SAEsE . 3 ELHITH LS
% AR R AR i (2) B TR S A T
B R = AR AT 3) —ERFRESR
A5 B 2 PR B ) 23K R 7 PR bk RGBIRL; (4)
NI SR | LSRR RS A R RS BE . RS 4t 2s 43
PERW AR NG 215 A SR FR IS A AR 224
PEAE. GIW Ay i i A TR IR 28 S UL RN AR iy S
I E PRAC AL T —4F /. 2 5G3WHIA R
Rk LA bR RS R 2 A28 ™ (1) H
FRRKIZIE A COHE &, B pHRRE H | 251453
BE1ox1°, e RIEIR—H; (2) MRS ZIEAICH,
A, WRASHERZH . RS HEox1°, JER—4
H; (3) B/ T SEH BT B COL MCH MR BE
YA, (4) NLOWRBEFIHl &, S HERFIH
B SIEAE

G3W X GSTHES A4 A5 i (]9 15T T SC it il
B2, WE1FTR. G3WIRTEWMOZ A WINZ T TR 456
LR PR AORESE. AR WMOTE PR RS R A 45
S3HT E PR A AE T 25 . 19894F LUK BRI
M(GAW) J LA BREE AR E SR B RS (G3IS) M
R SARNE I 25, DA KAT FFFE R 0 A |,
W FTA RFE . 2s TR0 2R 48 LA K 5 i 3 A
DU 2 fr A AR B [R) AL RE H 5 TP —MHEZR . il
T B B 1 AR 451 % T il G 3 WHE 22 r it 5 AU o)
26 FR RS [ AR 75 20 2 1 0F 9T, AR H RiAE
DR FAE R — BB, 3T R - - i — Ak |
ARy R LRI EEE S (AR BB S BN 2 DL
SR RUANS 7 P A2 [

11 iR oY R

H T T O 75 38 ) i 2 AR IR, ARSI
TIF 1 Uk s SR v U 0 o 2 AR T 3 SR
VR JSE b LI 5 FH 3 2 SR ks B I i A
WRE. YT, RERHEILI 26 322 E PR A VR )
STV UL ] (total carbon column observing net-
work, TCCON). BEAfilkAE vk B WL ] (collaborative
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G3W-Global Greenhouse Gas Watch
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Figure 1 The implementation timeline, scope, and context of G3W initiativel”

carbon column observing network, COCCON), KA
SR [ (network for the detection of atmospheric
composition change, NDACC) =™ =5 Hb [y W 9 2%,
ATDAGRARIESE . FRE . i i A R & AR MR B
RUNILE- €/

TCCONAEKI3OPuhi i, Aadtse. B, T
UL MRDN . FEEAE. N AT A S A e
T T M2, TCCONMIN 3 5 4728 FH (e FEL 72 e
1Y (Fourier transform spectrometers, FTS)Burker IFS
125HRILI K. CO,. CHy. N,O, HF, CO., H,Ofl
HDORYAEMR B!, $ I GGG2020 536, TCCONW
M XCO, IR ZE/NTF0.16%(£70.6 ppm) . XCH, /= fhik
ZKT0.4%(Z7 ppb). NLOMF=fHiRZEMLT1.25%(%)
44 ppb)" . TCCONWRIM A T il TAL I X CO,4
SR 28 SUIIE AN 22 4 1E 4 32 B st e B 1o, 4R
i, i T Burker IFS 125HRWLINFIZES A 5, BRI T
HAEGBRT 72 U LI 0

COCCONTEABRATBEA 2740l 5, B AERR
ML AL AE M (https:/www.imk-asf kit.edu/english/
3884.php). COCCONLIM 3t {i il i # Bruker EM27/
SUN/# LA Bl SOmmico, . CH,. H,OfICO. 5

TCCON [R5 W i %F e 35 uE R B, EM27/SUN5
TCCONJ™ fih Z [A] [ H: XC0,£490.02 ppm, XCH,
£90.9 ppb; PINEIEZ A IR2E: XCO,2943.9 ppm,
XCH4M13.0 ppb!'®. Ft TCCONRA A [ COCCONTE
#EM27SUNGBERSHR {15 TCCONAH T A4 SRS 2 A
HERPE T OIS, A A AR e AR M RE R
RGN EE 22 () b TR ORI B8R, A T3 AL UL AN A R ASE4LL
POFE 2P R IE I T IS %

NDACCTEEERIAT 11840k i, B AP AERM
FACSEM, WIAEAEM . SEPN . PRV R R SE PN Sk
b, A IR AR a2k 5 1 NDACC R
FHASTR] f bl e L ASC 28 (RSN . WORER IR L SR
SHE L R ARRETAMNERHN . 225 RO TE L K
LGSR SHT)XCO,. CHy. N,O, 05, H,0. CO
25 2 A R v B AN B R UEA T D). NDACCHY
XCH, ™ i FIXN,O 7 i 54 BE Al 3t F 1o,
NDACCHLINH . J 5022 5 B HEAR AN A Bt 56 1F
LGSR AL T RELE M 2R, S Bkm 02y e
A 2 BAT KW e YA UL o o5, S TLAE
TP S0 A i 25 52 1 DA SASE AR B ) A B A v i o
iff A I A5 B
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1.2 RS AT kSR &

TR 2 SR B S LI A SR | U 0
Vo 7 S W El T 2 0 5 i N ) R W N R
UL A4 H A E 7 A58 5T Br (National  Institute for
Environmental Studies, NIES)f1 3% )25 R MR RS
PRZEE WL /Y 4% (comprehensive observation network
for trace gases by airliners, CONTRAIL)13E [E] [E Z i
AR CHLRAEEULM T H (national observations of
greenhouse gases aircraft profiles, NOGAP).

CONTRAILI H R 1R 775, AR
i 2\ CHLE R . T E R, T H A
A TlEE R 747-400, 777-200ERF1777-300ER K&
BL 2238 T CO 2 it B A Y A 8l AR KE
BP0 CONTRAILMYWLM X 242 45C0O, . CHy.
N,O. COFISF655 UL A i 28 IR B AR A
JLk, B XA . BRI LRI, MR
LA PR S X, CONTRAILY H BURBUS T AR [FS
R AAEPRAZ AL . X R 0 A S B 2 R G A 21
Bl R P22 eAh, 6 SRR U ) (Na-
tional Oceanic and Atmospheric Administration, NOAA)
FNSE RG2S A I 20244E7 H & A, FHAESE EHEA AT
A FIBE 73T LRSS AR, T SR
] ] P A e P 1l 2 SR NS e ) SRR B, $R XS
CO,. CHyFIHA IR % AR B B R A AL i N ),

h T RERA AR IO 2 SRR R T BB JEE Y I s AR
6] ] GV RN S By ) A BRI 2 AR BRI 2%
It H (Global Greenhouse Gas Reference Network’s air-
craft program, GGGRN)#&EE WL 5 vl AL 25 F- 55, 18
PLRFEM I CO, . CHyy N,O, COYREE RIS B FEZL.
GGGRNTEAERHARE T 60 RAE A . TESCEFRE 114
AL, P15 H 3UCRIEZ AR . GGGRNAE
REASLE A7 S v A L IR B DR % UM 100 B
AN, CAMCN TR ERT T SRR
HlEse. HETTEAFE TR B T 12l A
(F53X13000 m), HF4#rCO,. N,O, CH;. CO. H,.
SFe. CO,FICH, R 2R LA K 2 s AU 2R 4 o
WA AR Fa 78 TR AR 2T S Rl Vi Pl PR A
IR FE FL AR AR AL, XA R R | = 4EZ] A
RAYREAURIR G LR ITAG T S8 KRB X B R A A ) 11
C O, 55K 75 MR 7 3 700 1) e J32 78 A 1 7 o 4K
G223 I SRy I [ R ) SRS () SR s B T
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FEHECSTL AN, K ERZHUHRITRE T R AR
Rl = AR ERLRAE LN 5256, AN T AirCore R A &
RIS A TR A ACHEA TR LI 437 42,

AN, otz e G AR B BE AR A A HE I Y
PRI A AR SRR E AR S, 0 m U HR A
SARBE T A ROERIN T %, IR AR N A 2
Tz R P nSherwin s AP 4 8 B
TR, A R IR HE R R BT AL SE R 6N
R KA AR IR A P i R CHARIR, S5 R
617 IX ) B HR T i 2 i T KT B AR.

1.3 s U IR IBIR 5k ey

PRBEFIEZ L O E—A . B BRI R 2Bk
AR S N AR O, B SR, H
A gAML SUE AR ) & R 2 SRR
W - R A -SCRFRE D, RSN T F 8 A
TR, RESAIMFNE . WIS EE UL 25 23 B
REOTRAREORM . O RS SR & FH B AR
CO,. CH, ¥ LA BN, OFEVR FEWLIN AE 1 fr) TL A 53351 4
FUR2PUR.

M20094F 5 — il 2= AL I 1L GOS AT
RETVIE, 3 SR TR 18 LI H AT DRk .
K% 5 E0CO-2, OCO-3L) K H1[E () TanSat5s T AH
ARSI TR KR SO S5 8 'y 1 ) S RO Y
P, TR LI 2 A i A5 20 iz .

A 7E 8 TR 18 O 2 38 19 K CO, . CHy.
NLOREVR B B R 22431 h 1~4 ppm . <18 ppbA1<30 ppb,
W B S T VAR TN BT A e s . TR R SR TR
B UURE 09 FR T R A T R Y e B
1777 (Rodgers, 2008). TEALUIGR S 14 1oy B A2 b
FIE TR R . ZRR RIS R AR R
BSEACEREZ, JFRITIE R UM R G S,
DU e SR . BT[RBT & T 2 M50k,
NIES-FP(national institute for environmental studies-full
physics)™* . ACOS(atmospheric CO, observations from
space)*¥ | UoL-FP(university of leicester full phy-
sics)**fl RemoTeC (remote sensing of greenhouse gases
for carbon cycle modelling)®>!’, RemoTAP8® FO-
CALPT | TAPCASP™A, JfXf BN TFAAR 1 1A B
Bodla i, SRS RIS MR I7 AT AN RE 42 T i ik
URIEHD AR, SO RS S REIRZE R, I
A, ARG T S BRI R E R, MEL
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F 1 ARERH). ERBTHMIL GBI COMCHIMM T ERERILEAY

Table 1 Summary of Launched and scheduled observation satellites for CO, and CHy

NE=YE-7 EEJEEEN B SETR] 138 (km) Fi I 5 (km) 23 ) e
CO,(ppm) CH,(ppb)
SCIAMACHY* L] 2002 772 16 - 960 32 kmx60 km
TAST** eS| 2005(’) 12;) 12, 817 2 16 2000 25 kmx25 km
GOSAT** HA 2009 666 <4 34 N/A(640) 910.5 km
0CO-2% | 2014 705 1 <5 10.6 1.29 kmx2.25 km
TanSat** h 2016 700 1~4 - 20 1 kmx2 km
GHGSat*" N 2016~2024 500 4 18 12 25m
FY-3D* o 2017 836.4 1~4 - - 910 km
GF-5% ] 2017 705 2 10 865 10.3 km
Sentinel-5P* Wk 2017 824 - 5.6 2600 7 kmx5.5 km
0CO-3* ESE| 2018 394 1~2 <5 16 ~4 km?
GOSAT-2* H A 2018 613 1~2 5 N/A(632) 99.7 km
GF-5B* W 2021 705 N.A N.A 865 10.3 km
DQ-01* i 2022 705 N.A N.A N.A N.A
FY-3G* rhE 2023 407 N.A N.A N.A N.A
Carbon Mapper* ESES| 2024 400 N.A N.A 18 30 m
MethaneSAT" B 2024 590 - 3 200 100 kmx400 m
GOSAT-GW* HA 2024 666 N.A N.A 911/90 10 km/1~3 km
TanSat-2" ] 2026 T 1 8 1500 4 km
DQ-02° i 2025 705 N.A - >100 3 km
Sentinel-5" [ @] 2025 817 km - N.A 2670 7.5 kmx7.5 km
Microcarb” b | 2025 650 km 0.5~1 - 13.5 2 kmx2 km
IASI-NG”* b | 2025 817 km N.A N.A 2000 25 kmx25 km
coa2m* [ @] 2026 602 km 0.7 10 >250 4km
SCARBO" [lez] >=2028 - 0.5~1 4~6 200 2.3 kmx2.3 km
MerLin* I >=2028 500 km - 22 - 950 km
0CO-neXt" EdE| 2030 705 km <1 <5 400 <4 km
a) “= TR SOZHARIERR; “NAFIRZEARIERARIR L, “fee Rz BRI R R IE e
2 AHERHC). ERBTEHFAMGOBNOMM T EEBILE
Table 2 Summary of Launched and scheduled observation satellites for N,O
LR/ FEAL  RSIEGEE)  Bulikm)  KEEN,O(pb)  BEFE(km) Z PR
ADEOS/IMG* H A 1996 797 3~9 1000 8 kmx8 km
AQUA/AIRS** B 2002 705 8 1650 913.5 km
ENVISAT/SCIAMACHY * ] 2002 774 <30 960 30 kmx60 km
AURA/TES** B 2004 705 20 885 0.53 kmx5.3 km
METOP-A/IASI* R 2006 705 3~10 2400 912 km
GOSAT/TANSO* BN 2009 666 6 790 910.5 km
FY-3D/GAS** W 2017 836 - 2250 10 kmx10 km
GOSAT-2/TANSO-2** HA 2018 613 4 903 99.7 km
METOP-SG/IASI-NG+ el 2025 835 3 2000 @12 km
FY-3H/GAS-2+ H 2025 836 - 2900 3 kmx3 km
Meteor-MP/TGSP+ e 2025 830 - 1000 8~14 km
MIN20S/TIR+ yez] 2031 830 3 300 10 kmx10 km
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T BRE AT . R A T AR R R S T
TR, A —FrE R B E T B2 M5k, v
PAXFAE = ARt o R TR ST, A SR
MR TR S R 3 e o B0,

MATRE AR DR R B ATE D PERAL ., B
HE a2 RS R, 40 H B EBIE T GOSAT
TEHR10 kmar B FT AN, 0CO-2H
1.29 kmx2.25 km4rHE3 . 10 kmZE 4 HH#,  1AH,
GHGSat5 il = SRRk R, Has B BER ik E|
T10 miE (25 m), SAHEF 5 IEHE R AR IR B H At
TRy R R AR TR R E R
BRI I 345 ] s A S FRUASS4DL S 0 4 ki 3 e T
AL B AR AT B 9 TR, Rk, T2 SR TR 18 I
FELIN A 75 24 m i R R 25 [B) 2 B, JRE ik
VR THORE BE DR . R R IR = AR D R R
Bk, kSR ESEENHEOCHE S DELLEERM
A ERIE S, 202644 & 50 — AR T nT LS
PR pprokE B 14 2 SRR B S, 8 AR T T L
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Figure 2 The global carbon budget of human activities, atmospheric CO,, and natural uptakes by terrestrial and marine ecosystems during the decade
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Figure 3 The global methane budget (GMB) of human activities, atmospheric CH,, and natural uptakes during 2010—2019"
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Table 3 The potential remote sensing products and their specifications for global carbon stocktaking
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The Paris Agreement has set the goal of limiting the global warming to 2°C above pre-industrial levels and established a process for global
carbon stocktaking which will take place every five years starting from 2023. The nationally determined contributions (NDCs) are at the heart
of the Paris Agreement, which was adopted at the UN Climate Change Conference (COP21) in 2015. Under the Paris Agreement, each country
is required to present its NDCs report using the standard ‘bottom-up’ inventory approach recommended by the Intergovernmental Panel on
Climate Change (IPCC). The 49th session of IPCC has suggested a ‘top-down’ inversion approach to assess NDCs using measurements of
atmospheric Green House Gases (GHGs). Satellite remote sensing can measure the atmospheric GHG concentration at global scale with fine
resolution, high accuracy and high frequency, providing a promising tool to validate each country’s NDCs. The European Union, the United
States, Japan, and Canada are vigorously developing their satellite systems for monitoring GHGs’ concentrations and emissions. China is also
planning to build a GHGs monitoring satellite system to support the second carbon stocktaking in 2028. Therefore, it is extremely urgent to
review and investigate the techniques, methods and cutting-edge applications of remote sensing for GHGs monitoring and stocktaking.

In this paper, we first reviewed the current techniques, networks, and upcoming national or international plans for monitoring atmospheric
GHGs based on ground-based, airborne, and satellite platforms. The global carbon stocktaking requires continuous and accurate observations
of GHGs’ concentrations and fluxes from ground, tower-based, airborne, and spaceborne platforms. The World Meteorological Congress
(WMO) approved an ambitious international project, named the Global Greenhouse Gas Watch (G3W) initiative to address key information
gaps in our understanding of anthropic and natural activities on the global carbon cycle, and help parties assess the completion of GST reports.
Second, we proposed the key features of the next generation carbon monitoring satellite system, which was characterized by high spatial
resolution, high accuracy, high temporal frequency, and multiple gases as well as atmospheric aerosol and co-emitted polluted gases (NO,, CO).
However, it is still challenging to meet the strict accuracy requirements for the atmospheric GHGs’ concentrations, such as 1 ppm for CO,, 5
ppb for CH,, and 1 ppb for N,O. China’s next-generation carbon satellite is to be launched in 2026, which will greatly enhance observation
capabilities, including GHG species, accuracy, time frequency and spatial resolution. Third, taking the Global Carbon Project (GCP) series of
assessment reports as the core references, we summarized the current methods, progress and challenges in the scientific assessment of GHGs’
emissions at global or regional scales. We also investigated the roles and current capabilities of satellite remote sensing and assimilation
inversion technology in monitoring emissions of the three major greenhouse gases: CO,, CHy, and N,O. At present, there are large uncertainties
among the estimated GHGs’ fluxes (both emissions and sinks) due to very limited observations, model accuracy, and coarse resolution of
assimilation systems etc. Finally, we investigated China’s demand for GHGs monitoring and emission assessment, and proposed three urgent
tasks for global carbon stocktaking using the ‘top-down’ remote sensing method. These tasks include developing a satellite constellation for
high-precision GHGs observation, a high-resolution, multi-species global GHG assimilation system, and an operational platform to assess
global GHG emissions from terrestrial ecosystems and anthropogenic activities. Therefore, this paper, focusing on the needs of compliance
with climate change and the “dual-carbon” targets, provides ideas for the construction of China’s next generation carbon-sensing satellite
system.

global stocktaking, greenhouse gas emissions, global warming, satellite remote sensing, data assimilation
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