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Guiding Questions~ D [E]%Z

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

A2. This report provides our up-to-date estimates of global, regional, and national greenhouse gas (GHG)

budgets mainly based on atmospheric observations and modeling, allowing us to transparently examine

the state of emission red

ction toward achieving the long-term mitigation goal.

Q3. What are the projected global GHG emissions and what actions are Parties undertaking to achieve
abalance 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(5))?

A3. The GHG budgets provided in this report account for not only net budgets but also sources and sinks
of natural and anthropogenic sectors, allowing us to examine the balance between anthropogenic

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>

QI6. 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 to 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 develop

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 to enhance international
cooperation for climate action, including in the short term?

A17. Relisble GHG budgets are prerequisites for national and international actions; therefore,
establishing a continuous GHG monitoring system that encompasses multi-scale observations and

modeling through international collaborations is needed.

QI8. 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.I,
paras 36(g) and 37(i))?

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

stakeholders to obtain overviews for planning actions toward long-term goals.
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2. Methodology
2.1. Top-down approach

&t B

a) Atmospheric obscrvations

Ground observatories, ships, CONTRAIL (aircrafy), GOSAT series (satellites), etc.
‘The Japan Meteorological Agency (JMA), the Meteorological Research Institute, and the National
Instiute for Environmental Studics (NIES) imoritor tmosphetic GHGs from a vatity ofpltforms,
including ground sites (Watanabe ef al.. 2000 Mukai ef al.. 2001: Tohjima ef al., 2002; Tsutsumi ef
al., 2006), IMA research vessels (Ishii er al., 2011; Ono e al., 2019), L(\I“lllLILiﬂl cargo ships (Terao
ef al., 2011: Tohjima er al., 2012). aircraft (Machida er al., 2008: Matsueda ef al., 2008; Tsuboi er
al., 2013; Umezawa ef al., 2020). and satellites (Yokota ef al.. 2009 Yoshida er al., 2013) (Fig. 2).
Measurements of GHGs are made on site or on air samples that are collected in canisters and sent
back to individual laboratories. Laboratory analyses determine the mole Irm.num of the GHGs and
their isotopic composition. The mole fractions of the GHGs, including C "Hs, and N:O, are
precisely determined based on highly compatible standard scales (T\uh(u et u/ 2017). Time series
of CO: and CH. concentrations over the Asia-Pacific region from "0]0 !hmugll 2023 (Fig. 3) show

variability at (e.g., MNM), NTI) and urban (e.g.,
VYG) sites, After these observation data are checked using Stret quatity assorance and quaiity
control procedures, they are provided directly to atmospheric inversion systems.

Station

Figure 2. (lft Map shoving the losstons of stmospheric GHG abservations i the A
Green circles represent ground site locations, blue lines indicate ship routes, and red lines indicate airera
flight routes. (right) rhmonmph showing atmospheric Sbscevation systems 4 & broadcasting tower (Tok
Skytree) in the Tokyo megacity

° ate

o

Kigases3e Monthly time serics of concenirations of atmospherie CO; (lef) and CH, (rght) observed over
the Asia-Pacific region from 2010 through 2

NIES has been conducting atmospheric GHG observations since 2022 from the cargo ship Nichiyu
Maru, which belongs to the Kagoshima Senpaku company (Fig. 4a). The ship makes a round trip
between Kawasaki (Kanagawa Pref.) on the main island of Japan (Honshu) and Kanda (Fukuoka
Pref.) in the Kyushu region in one week and calls at various ports, including Toyohashi, Nagoya, and
Kobe, in between. The spatial distribution of the atmospheric CO; concentrations observed from
January 2022 to December 2023 (Fig. 4b) ranged from 400 ppm to 470 ppm along the ship track. The
NIES has also obtained temporal CO: variations, especially in the ports of call, that imply that a
relationship exists between the size of the urban area around a port and the magnitude of the CO:
variations. These observed data are useful for validating GHG emissions in cities.
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Kigure 7. (a-h) Regional CO, fluxes for eight terrestrial regions estimated by using different fossil fuel
emissions in MIROC4-ACTM inversions. Six inversion runs (see legends) were conducted using two
different Four cases of fossil fuel CO, emission anomalies (red lines; showing the mean (solid), lower
bound (dashed) and two cases cases of a priori fluxes (¢3t: CASA-3hr & Takashi; e3tv25: 25% of
CASA-3hr replaced by 25% od VISIT). The fossil fuel emission anomalies for Last Asia are offset by ~1
Pg C yr so that they fit into a common y-axis range (pancl h)
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Figure 10. Estimated changes of FFCO, emissions in China based on the ACO/ACH, ratios observed at
HAT and YON. The estimated results for January, February, and March 2020, 2021, and 2022 compared
to the preceding 9-year average are depicted in the left, middle, and right pancls, respectively. The red
circles with red lines and pink squares represent estimates based on 30-day moving averages and monthly
averagon, respectively, of the hserved ACOYACH, ratio. The vertical bars represent uncertantios. The
vertical gray shaded areas correspond to the Chinese New Year holiday. lhe orange and blue lines
represent the temporal changes of FFCO, emissions from China based on the bottom-up estimates of Le
Quéré e al. (2020) and Liu ef al. (2020), respectively.
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Figure 11. Schematic diagram of estimates of CO; fluxes for the Tokyo megacity
€O, concentrations simulated by the NICAM-TM with a 14-km resolution is shown in the top left panel.
The top center panel compares simulation results with observations at Tokyo Skytree. The
Tokyo-originated
simulated and observed concentrations at Tokyo Skytree. The bottom left panel compares the difference
between the model and observed Tokyo-originated concentrations with wind speed. The bottom center
panel shows scasonal changes of the regression slope of the NICAM-TM versus observed
Tokyo-originated CO, concentrations. When classified on the basis of wind speed, the regression slopes are
clearly separated. The bottom right panel shows (he estimated net CO, fluxes from Tokyo in our study and
previous studies.
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Figure 12. Maps of CO,, CH,, and N:O budgets estimated by the bottom-up approach. The maps show mean
annual budgets during 2001-2022.
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Synchronizing with Operating Centres
* In 2024 the G3W Implementation Plan, the G3W Sustainability Strategy documents.

In 2025 & 2026 the Ramp up Operations with sustained funding sources (WMO + External).
This is in good alignment with Operational Centres fast-track efforts, such as in EU, JAPAN, US, ...

GREENHOUSE GAS MEASUREMENT,
MONITORING, AND INFORMATION SYSTEM [P —— ‘
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o= — remEld=E Bottom-up
JAPAN NIES, 2023

G3W - Global Greenhouse Gas Watch
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