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Land-atmosphere flux: 2007-2016 (Pg yr™')

SII-8 MEFHAFENE HER

YIT—<2-2

(M FEHUFKRIZKDTO—/NILE

GHG IRZZEEhEiE )
BEIEDEOHDY—LLALGGHGI X EEEREDOHLE
HERS R T LETILIZEAC-NEEBOBIEMER LA
REHEETILOEELSLTILEBRBROLE

RUEE

N, O b 15 71 4R 37 S

CO,. CH,IZD UL\ THE

5 @ Boreal N. America 05 f-Europe 054 h-Central Africa 054 I North Asia 054 1 South Asia
0.0 A —————- 0.0 -%— 00 - —— 00 0.0 1= = —
2200 10401 4202
054 03201 02200 ) 05 10201 09201 _05 4 13201 16202 054 05201 0420 05 13202 14
054 b-Temp.N. America 199820022006201020142018 199820022006 201020142018 g5 | - East Asia

19982002 2006 2010 2014 2018

0.0
15

054 14201 13202

054 © Central America

O»O-M

4 08201 10s01

N0 flux anomaly (TgN yr?)

—

BET—IDOEHRELDO-ODEBREDREM.

T—3iR M

N

SEHNDGHGIRXZ BT ARG —GSTHEEA

Regional distributions of CO,, CH4 and N,O fluxes by inverse modelling
Boreal N. America

North Asia
a4 Europe a4
4
2 2 2 Value = 9.9
0 0 4
0
=il -1 4 West Asia —1
Temp. N. America 2

East Asia

4 4 Northern Africa
£ 0
2 Central"America 2 =}
o © South Asia Southeast Asia
0 =, 4
1 2 4
2
0 2
Global -1 4 o 0
0 1 -1
. 4 {Southern Africa B
Temp. S. America Oceania
4
20 0
> =1, 2
0
0 0
1 -1
. CO; B CHg4 (x81) BN CH, (x28) B N2O (x273)

-05
[ s s s e
054 Tropical America /
\ i /
tes e — Prior(MDU_I3) M;0 emission. 20102019 (gNm2yr™) /[ L 0.0 s e
— Pre_prU_25% N Z
14202 Pre prUSO% 7, 0.320,
—054 15201 13202 — prepru00% L 2 S BN N 05 03201 02¢01
S ——
e. Temp. S. America 05 9 Northern Africa 05 | Southem Africa 054 Kk WestAsia 37 p.Global
00 00 -WA 00 0.0 1y
0620.1
—0.54 04200 0.4200 _0.54 06201 07201 _054 04201 04201 _054 03200 0.4200 129405137209
2018 18 01020142018 19982002 20062010 2014 2018

LETKFZ AW =T—42RE1E

VAT LEFE

. Synthetic XCO2: 2015-01-02T12:00:00

45°N

60°E  120°E  180°

180°

120°wW  60°W 0 120°E 180°

DA - Synthetic: 2015-01-02T12:00:00

M

°S T T T
180° 120°W 60°W o

60°E  120°E  180°

RIRRREDIRE



SII-8 AEFENBE - FGRRUVEER

4}77—__73_1 \I‘-L\7‘Jj’$/£' J:é@ iﬂﬂﬂ”GHG”ﬂinzﬁﬂﬁ

[TAN&RRAIRINZELGHGINEZ D
RELTYTEMESHT
o RELTVvTCGHGUL S S s = e F—<
e HEHAVUARUMNIBE = S W
SEHEET 7LV LER-REE
- MEBREBEETILORE -BRB-RET
i GHGiﬁm EﬂEhjZ oo
o BHRNE/HF. TIOM)—F

20000 g

kg CO2 0.25° gnd- yr=1

co,

Tg CO2yr-1

°

J
MERBEETILOHE 7KEHCHA}*1&H:.' DHETE

~40000

20000

ABES

anER
15000 ORERRER @ LEMERE

25, 7ng CH, yr!

(mg CHa m-2yr-1)

£RKHA CHa ﬁﬁZH:.’E <

0

>
1000 2000 3000 4000 5000

10000

Tg CO2 yr-1

-5000

TgCOz yr-1
H

N
8

LT DER - B
EEAKK mmEH

. o
wAngRat ww

N SETE

Sm N\



SII-8 MRHFENE

YIT—<3-2
MR T—3RUETIVEEDHR S BN
1= & % Bl ) GHGAR 32 54 |

« ToVIREBRBAT—RADRT—ILTVvT

ERRVBE

ART—ILT7vILIE=TIYIRX

AT —2ERENYTEHY

EDLLER

0.5
% SVR NEE
—
° GOSATT—Q‘ J:éﬁ—LGHG r'_ - ****TE!E***-&- AAAAAAAA
7 |:|77,r)[/1lﬁﬁk" A 2020 mmm 2001~2019 et E
-0.5
BE 4 oo —_— 3 4 0.5
¢%§1EER:ET)I/(-U-73'1 )@E&Et C Sl B FLUXCOM NEE
N Al ] P T gy S e e ey Sy SRS
3514 gAYy AL = g ,
HaEE == e
-0.5
. — s = — —e T 05
ﬁ%]tﬁ]'g_}__géﬁﬁ L\f:%’é‘ﬁk*ﬁm GOSATER;E“%_Q%FHL\f:GHG % VISIT NEE(-NEP)
F3 b o N = E 0.0 --rrr-eotplipten_corplipsee_ meiiien_ mitpligien " ' g2 3 i I |
. o OEEE BTN A LR EIRET 2 TEw
_ 4 -0s
£0.6 0.6 100 100 R 05
g S\ " €02.MACTM-r84 JAMSTEC.gvjf
E 0.44 g ) 0.4
g Lot i i, i, N e ot
Foa el ol \ L il L b - -
.a,.}\ = = ~ 179 '7/
o 04 06 08 10 12 14 16 18 20 22 0004 06 08 10 12 14 16 18 20 22 g % 2 _g:
o _crK . T®Y g g ' 7| co2.MACTM-r84 JAMSTEC.gc3t
A o o
Zos, A 06 " _ ‘ _ _ ( 0.0 b ki i i i o S o o bt o
%0-4 0.4 :‘\\ T ’ I 1 ‘: ! I\\yjﬁrb‘/
;2» J ," E N | I ] \ 0.5 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
F02 \\ 02 /, \\:\‘\ 1000 TS Cgi c[)ppm?,]éo 430 1000 TS Cgi([)ppm‘\t,]éo 230
0007 06 o8 1_;_0m 1‘(2I 1"::] 1;6 5 20 22 "%z o5 o8 1'0 1;2‘ 1I'L:‘ 1;6 18 20 22
— TOWEr GPP == MODIS GPP == EC-LUE === LRC-MODIS == LRC-ECLUE CONTRAI L& @ tt E,XJ:

11



SII-8 E#H I

OFtERY .

AGTEREN .

X RERK. OFFEZRIEILER

T 97 w3 B4 705 (3HE)
1 1 REISEEN . SREEETIV O OSSEZEft. KEAHARHT TDH BT, BAIRE
2 b b - ZEHE - RARER R, B ZAIRRERET | O CHaRMLAS . T—2 06 FABEL. P RHTE
2O, YOS, AREE
3 AR, T—2REE. BHETIL (O BWIETILRIE. GOSATARH T0% HMER
2 1 ESM#E. 23hit STl et O ETIKE. ZETEER © EH T
2 GHGHIs AR HETE . ESMIREEIR S | O T—2RILB%. ETLHE A A B
3 BUF . TR, HEELIE O BUSHE. H&EET O 5T el iAottt
73
2 |O I5vHR¥iTE, GOSATRAR O BEF—SFIM. RRlL. TFLKE [groroRKHE. 754

HOMEE(T—2EE. ETIIVRIE-ER) (X)E

B

i EREDXEELE



S I |-8 E%iﬁﬁ&,ﬁ% %/\ d) :lE: I-I- ‘ COP27: Japan Pavilion £33 —3E/

WMO GHG/C 1= 7T« I &k
<ITERENERATAHENARAFENDIHE>

1. RREOHERRELEHREZBulletin of Multi-scale Emission of Greenhouse Gas Budgets(Z&YEESD , BT IBRBEHEFRAL TS —/\—#BEEL4G-T
EESEESHRMEEN (UNFCCC)EHEBITIRE (20224F3R) , COMEELELT. AMROBRNE1EGSTISERASN S RAH,

2. IPCCEORFHMMEEZITE KGRI LESINZ. WCIREEICITETHEE2S (BH. /\b3) E80R L LDFHNEI A WG2HEZEIZIF17TARD R X
N5 SN, RIEBERDER LM ENERICTIL -,

3. CO,. CHE BT DT —2VOKRER - BECOISVIADNDT—E2ES O—/\Lh—RoTOC I (GCP) DLk - s B D A GHGUR X BT ~ LR,

4. HEOGHGEHAMBICEWT, 7O 7HBEVWSEELMEZH/N—LTHEY. HEMANRIEE - iSO EEHEZDREICLEEMTESAENEEZSE
LTW5, - REMR - RFEFRMEAFREOHEERR | (SMTESAIBRBERERE) N RELGHR IEEDLERNGRERNEZFICLE T HHEK
BELEZOER. Il ARFMEREZLTRIAREIZDEBNT —HERHELTLS,

5 IREE-JAXA-ENBREBEMEANERLTOSGOSAT2H 2B IO IMIE N T, KM THIFEL TLVBNISMON-CO,/CH,lE ., LATRA S+ (f

=

ioce EF—SHDBRATTROIITYIAT—5) OERIZFIAESN BT ETHE,
R 6 AEIZE TR L RAAMIS £ B BT — 4%, REGHGELAIAIE T 0T/ GOSAT-GWO FHE - EE T — 2L THRIAE N B,
L 7 RHGNDCEEISE T AMREAIM LT, GHGHH DHIBM R B AL HIREHA CREETEL THBITRNA D0 [£20405F LB EL S RAH
FEh. SR RRBEY AT AOBMEBAGES RBLI L CONDCEE CHEMTMO EBENRESN -, NDCERE - BIBF OB — 1t - JE#
L RO,

8. EKEHCHIEEMRS R, JST-CRDSIERE - TRILFX—H13IF— (2021.5.27) R FH TR B (UST)- R B R EEE £ 2—(CRDS) A X L= IREE -
IRNF—EIF—(FoFAV)BWTEEEZTV. BRICE T2 EEDNRATRABA - BT AR RERERTIEELICHEESI-BOLEROEES
BFLt=,

9. /R T REENFMELI-2050Fh—R—a— S ILICRAITI-HEREA DR ENICETIHE-FARIVIEFT—ICEVWTHEEETL. BAOHE LM EE
SI-8nE&EZER LT,

10. 1st General Assembly of the Copernicus CO, (CoCO2) Project (2021.1117) ERMaARJL=HRCO,T7AL YN CoCOQ)FE1REREZHE (A FM1V)
IZEWT,. CoCO2LEL D B EEHDBAD A IV REEESI- SO EELEWB R REF ML=,

M. XEEFEEDNEET HFEIHBRE AL = (FE3E) ITHE T, tEREAIICKDZN\IIBENDEM KR U COP26 [HIZET HEAEMNSDEBEL
T.HEESIBOEZECLARARELT —2EREZEH CENBERFE T -#EA~HBAL .

12.GEO (MEKE BT ABMEE )N TO7 A7 =7 XEEE(AOGEO)IZH LT, BEMEH R EEIZA Y S &% (Taskgroup-3; Carbon and
Greenhouse Gases)DHERIFBREZHEH TS, EEOHAERF—LLEDDHEZFHEL. AOGEODAEBICHITEEEXADAUTYLETo>TINS,

13. KERFE-ITE-EETHTI—(NASEM) (L. SEDAKEDERREDN=OICFRAINSMERREDEENRA AL IERO M4 ACEET 58
EHEEF2022F9AICRRTOIFETHD. COMEEITHL. BRAEMRBICIY=ZRLEREICHBEINT,

<FTBEHIBEIERALLZAE>
1. XEEFEANEHTHFEIMBREVAH LS (F4ED) ITE VT RIEEHIKRERBRBRBRFRILA/R—avARABTEICLSTO—/NLR Y
DTAVIZAITT-GHGERIZEA T HMYMBADIHE IICHEESI-SORREINEFRESNT=, 13



SII-8 IRIEBERZF D H A

TA—NILRAMITAODERNKITH G T 578, FHEZABLLTSI-8RERREFLDHT-
WMEEEF/ERL. 20224312 UNFCCC-GST R—42/L KY$EH

TR (7—71.2)

&  JnO—/N\JL

-CO,, CH, IxZ<v7: 1 x 1deg, NICAM, 1990-2020

CO,, CHy, N, OURZ <7 : HilE 53 El, MIROC4-ACTM, 2000-2020
-CO,, CH4. N,O 10F D EFT &

E / sthisk

-CO,. CH Rz : g Al. NICAM, 1990-2020

! -CO,. CH,, N,O I¥3Z:11-15 #hig / top 20 # &, 2000-2019

" KRS CO,, CH, R - %R, finfifl, AZEHE, 19942021

=

RELT7YTHE (7—73)

B 8REIR CO,, CHy, N,OIRZZw T : 0.5 x 0.5deg, VISIT, 1990-2020
" ANBBEH AR :0.25 x 0.25deg, 1990-2018

+CO,, CH,, N,O 10FEBDEETE

/ Hhigk

+CO,, CH,, N,O X3 : #hig Al (RECCAP2 i), 1990-2018

-fELE CO, YR (GPP, NEE) : 72 7. 0.25 x 0.25deg, 2000-2020

14




SIl-8 UNFCCC GSTiEH LR

i

Guiding Questions~MD A%

2 GST1 Guiding Questions (by SB chairs, ver. 20 Oct. 2021) and

Correspon
our answers

<Mitigation>

Q2. What is the collective progress made towards achieving the long-term mitigation goal in Article 4.1
of the Paris Agreement, in the light of equity and the best available science?

eenhouse gas (GHG)

allowing us to transparently examine

A2. This report provides our up-to-date estimates of global, regional, and national g

budgets mainly based on atmospheric observations and modelin

the state of emission reduction toward achieving the long-term mitigation goal

3. What are the projected global GHG emissions and what actions are Parties undertaking to achieve
a balance between anthropogenic emissions by sources and removals by sinks of GHGs, on the basis
of equity, and in the context of sustainable development and efforts to eradicate poverty (Article 4.1
Paris Agreement, Decision 19/CMA.1, paragraph 36(b))?

A3. The GHG bu

of n

s provided in this report account for not only net budgets but also sources and sinks

thropogenic

tural and anthropogenic sectors, allowing us to examine the balance between &
GHG emissions by sources and removals by sinks. By using the Earth system model, our project is

also examining the projected global GHG emissions in terms of mitigation effectiveness.

<Cross-cutting>
Q16. To achieve the purpose and long-term goals of the Paris Agreement (mitigation, adaptation, and
finance flows and means of implementation, as well as loss and damage, response measures), in the
light of equity and the best available science, taking into account the contextual matters in the
preambular paragraphs of the Paris Agreement:
a. What are the good practices, barriers and challenges for enhanced action?
b. What is needed 1o make finance flows consistent with a pathway towards low GHG emissions and
climate-resilient development?
c. What are the needs of developing countries related to the ambitious implementation of the Paris
Agreement?
Al6-c. The methodology of GHG monitoring adopted in this report is applicable to developing

countries and therefore supports their ambitious implementations of the Paris Agreement, at least in

terms of mitigation

Q17. What is needed to enhance national level action and support, as well as 1o enhance international
cooperation for climate action, including in the short term?
A17. Reliable GHG budgets arc prerequisites for national and international actions; therefore.,

establishing a continuous GHG monitoring system that encompasses multi-scale observations and

modelir

¢ through international collaborations is needed.

QIS. What is the collective progress made by non-Party stakeholders, including indigenous peoples and
local communities, to achieve the purpose and long-term goals of the Paris Agreement, and what are
the impacts, good practices, potential opportunities, barriers and challenges (Decision 19/CMA.1,
paras 36(g) and 37(i))?

AI8. This report comprehensively covers GHG budgets and therefore is useful for non-Party

stakeholders to obtain overviews for planning actions toward long-term goals.

; NEx=BET7YIT

< Bulletin of Multi-scale Estimation
of Greenhouse Gas Budgels

N~

prga

ThR—LAN
FEDRHA

2. Methodology

2.1. Top-down approach

a) Atmospheric observations

Ground observatory, ship, CONTRAIL (aircraft), GOSAT series (sutellite) etc.

The Japan Meteorological Agency (JMA), the Meteorological Rescarch Institute, and the National
Institute for Environmental Studies (NTES) have been monitoring atmospheric GHGs from a variety
of platforms, including ground sites (Mukai et al., 2001; Tohjima et al., 2002; Watanabe et al., 2000;
Tsutsumi ef al., 2006), IMA re: ols (1shii ¢f al., 2011; Ono et al, 2019), commercial cargo
ships (Lerao et al., 2011; Tohjima et al., 2012), airerafts (Matsueda ef al., 2002; Machida et al.,
2008; Tsuboi ef al., 2013; Umezawa ef al., 2020), and satellites (Yokota ef al., 2009; Yoshida ef al.,

reh v

2013). The GHGs are measured on-site or in air samples that are collected in canisters and sent back
to the individual laboratories to determine mole fractions of the GHGs and C/IVN isotopic
composition. The mole fractions of the GHGs, including CO:, CH, and N:O, are precisely
determined based on highly compatible standard scales (Tsuboi ef al., 2017). The time courses of
c

over the Asia Pacific area from 2010 through 2021 are plotted in Fig. 2, showing the
o-temporal variability of CO; at background (e.g., MNM), continental (c.g., NTL), and urban
(e, YYG) sites. These observed data are provided immediately to the atmospheric inversion
systems, following strict quality assurance and quality control procedures

pal

W ship \\TF5
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Jigure 2. (left) Map showing the locations of the atmospheric GHG observations in the Asia-Pacific
region. Green circles represent ground sites, blue lines shipboard routes, and red lines airplane routes.
(right) Time courses of atmospheric CO» observed over the Asia Pacific region from 2010 through 2021
are shown at monthly intervals

NIES has observed the atmosphere in Tokyo megacity sinee 2016. The time courses of atmospheric
CO: observed at Tokyo Skytree (IST) are plotted in Fig. 3, showing large (up to 100 ppm) inereases
in CO: from baseline concentrations, which is caleulated by smoothly connecting the data below
10th pereentile for a 5-day time window. The high-resolution NICAM model indicated that the fossil
fuel CO: emitted from the Greater Tokyo area was the major source (61% of annual average) of CO:
increases larger than 20 ppm, supplemented by fossil fuel €O emitted from other areas (15%) and
from the biosphere (23%). These observed data and high-resolution modeling are especially useful
for monitoring GHG emissions in Tokyo megacity
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3. Greenhouse gas budgets

3.1. Top-down approach

Global, regional, and national budgets

Figure 5 shows the global trends in global CO: fluxes estimated by two inversion systems

(MIROC4-ACTM and NISMON). NISMON inversion used one set of prior flux and model input

parameters, but MIROC4-ACTM performed an ensemble of 16 inversions for two sets of prior fluxes

and by varying prior flux uncertainty (PFU) and measurement data uncertainty (MDU). The

MIROC4-ACTM uncertaintics in the predicted fluxes due to different priors are found to be 0.35 and

0.1 Pg C yr " for global land and ocean, respectively. Ensemble mean land and ocean fluxes are in

good agreement with the IPCC 6 Asscssment Report “mean” estimates of 2.6 + 1.14 and —1.7 +

0.6 (Chandra et al., 2021b). Global total sinks estimated with both NISMON and MIROC4-ACTM

are in good agreement with the observed global mean CO: growth rate (Fig. 5d), although
f remain in land of carbon uptakes in the post-2012 period (Tig. 5b.c).
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Figure §. Global annual CO: emissions from fossil-fuel (4) and estimated land (b) and oceanic (¢)
carbon sink from MIROC4-ACTM and NISMON inversions. In panel d. net CO: flux (FF emission
land sink — oceanic sink) is compared with the observed global growth rate from the NOAA/ESRL
(I)l\lgokenckv and Tans, 2021). CO: growth rate is the converted to net flux calculated using a factor
2.13 Pg C ppm " (d). The background shading in panels b, ¢ and d shows Multivariate £l Nifio Southern
Occﬂhnm\ (FI\@O) Tndex (Wolter and Timlin, 2011).

Figure 6 shows regional CO: fluxes and flux uncertainties (rom the 16-member ensemble inversions
for 15 land regions at S-yearr intervals for the past two decades, as estimated by MIROC4-ACTM.
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Figure 10. Global GG budgets estimated by the bottom-up approach. Maps show mean anmual
budgets during 20002018

Regional GHG budget

We present a regional GHG budget for East Asia. In this region, natural and anthropogenic CO:
budgets over 2010 to 2018 were estimated as 1639 + 446 (net sink) and 12,500 + 500 Tg CO: yr !
(source), respeetively (Fig. 11). The regional total CO: budget was a net source of 10,800 + 300 Tg
€Oz yr'. Natural and anthropogenic CHy emissions over 2010 to 2018 werce cstimated as 10.5 + 0.9
and 69.1 + 1.3 Tg CIL yr, resp The high contribution of emissions (87% of
{otal budget), especially from fossil fucl mining, characterizes the CFH budget of this region. Using
the GWP over 100 years, the annual mean CHi source was equivalent to 2707 = 53 Tg COx-eq yr.
Natural and anthropogenic N2O emissions over 2010 to 2018 were estimated as 0.86 = 0.08 and 0.71
+0.01 Tg N:O yr', respeetively. Using the GWP over 100 years, the annual mean N20 source was
equivalent to 571.5 £ 25.1 Tg COz-eq yr'

Table 1. Comparison of global land total GHG budgets betw
SD of interannual variability).

1 top-down and bottom-up approaches (mean +

19962000 2001-2005 _ 2006-2010 _ 2011-2015 _ 2016-2020
€O: NaL+LUC  top-down (NISMON)  -139+087 -146+085 2904061 -251+140 -186+071
OROCE-ACTN 1671063 2891046 3041080 2731067

bottom-up S0IL172 2481068 3451052 3951052 3841074

Anthe.(FF)  top-down & boftom-p  G68£0.1  TASZ042 8682024 9595011 9782020

CHi Toul (op-down DIROCEACTV) 5185 =148 SG0.4 =180 S63T£82  SI1+129  599.4=100
boltom-up A01=75 4510572 4767462 4967453 515091

N0 Toml top-down pumocs iy 156207 156203 164210 170207 17507
bottow-up. 170507 170203 182501 190+03

Flux estimates for all the land regions remain quite uncertain, as scen from the 95th iles of
the 16-inversion ensemble (error bars) at about 0.3 Pg C yr’. However, by employing the
16-inversion ensemble approach we could obtain flux uncertainties that are an order of magnitude
smaller compared to the traditional methods, and often less than the regional fluxes themselves. The
mean/median fluxes are consistent for the ensemble inversions and represent the true state of CO
flux estimation for the MIROC-ACTM and 50 sites used in the inversion. The changes in regional

0: fluxes between S-year periods are generally attributed to the changes in human induced land
usc, naturally oceurring drought, or fire cmissi sitics at decadal time scales (Chandra ef al.,
2021b). The step increases in East Asian CO: flux between 2001-2005 and 2011-2015 is suggested
to be related to the biased fossil-fucl cmissions from China, affecting the natural/managed land flux
estimation by inversion (Sacki and Patra, 2017).

ZEEI SRR

CO:inPg C yr, Cll in Tg Cllsyr !, N:O in Tg N:O yr *

Table 2. Comparison of land total GI1G budgets between top-down and bottom-up approaches for Liast Asia
(mean & SD of interannual variability)

19962000 2001-2005 20062010 20112015 _ 2016-2020
COr Nt i TUC  top-dows 0205043 0021028 0191041 0051031 028014
botomap 0322009 0311001 0312006 0432000 —0.53%0.08
bottom-up. LAT£003 1832025 2632020 3205005 331006
Anthr. (FF)
top-down (MIROCE ACTI - 52241 577521 601125 45924
CH, Toml bottom-up 61311 642£33  T3S:23  797:16 807210
(op-downBROCEACT)  LASE0.03  LST£010 176003 171012 LI5=016
NO  Towl bottom-up 1724006 1754007 1852007  190+010  202+011

COxinPg € yr*, CHyin Tg CHiyr ', KO in Tg N:O yr*
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