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Global averaged annual mean mole
fractions of key GHG in 2019
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The GAW global network for carbon dioxide in the last
decade. The network for methane is similar.
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4 Ship -+GHG Comparison Sites

133 (CO,), 134 (CH,) and 100 (N,0O) stations
used for the 2019 analyses

* Ground-based + Aircraft
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Global annual mean abundances (2019) and trends of key greenhouse gases from the WMO/GAW global
greenhouse gas observational network

CO, CH, N,O
2019 global mean abundance 410.5+£0.2 ppm 1877+2 ppb 332.00.1 ppb
2019 abundance relative to

(o) (o) 0,
17507 148% 260% 123%
2018-19 absolute increase 2.6 ppm 8 ppb 0.9 ppb
2018-19 relative increase 0.64% 0.43% 0.27%
Mean annual absolute increase
2.37 -1 7.3 ppb yrt 0.96 ppb yr?

over the past 10 years PPM yr PPOYT PPO YT

* Units are dry-air mole fractions, and uncertainties are 68% confidence limits

**Assuming a pre-industrial mole fraction of 278 ppm for CO,, 722 ppb for CH, and 270 ppb for N,O. The number of stations
used for the analyses was 133 for CO,, 134 for CH, and 100 for N,O.



Decadal variability of the annual growth rates

CO, CH, N,O
2018-19 absolute increase 2.6 ppm 8 ppb 0.9 ppb
Previous year increase 2.3 ppm 9 ppb 1.2 ppb
Max increase over the past 10 years 3.2 ppm (2016) 10 ppb (2015) 1.2 ppb (2018)
Min increase over the past 10 years 1.9 ppm (2014) 5 ppb (2010-2012) 0.8 ppb (2016-2017)
Mean increase over the past 10 years 2.37 ppm yr? 7.3 ppb yr! 0.96 ppb yr!

. K ol Sl i
LN LR — LN kL LN
I N TN (N TR T T |

ONI [3—mrm SST anomalies (deg C) in Nino 3.4]

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Climate Prediction Center / NCEP

An annual increase in the atmospheric CO, mole fraction was
between 1.9 and 3.2 ppm per year over the last ten years. This
increase has been documented by the Global Atmosphere Watch
(GAW) global network of surface stations, which can detect
global changes of atmospheric CO, over a year within 0.1 ppm of
precision. The year-to-year variability of about 1 ppm in the
atmospheric growth rate is almost entirely due to variability in
the uptake of CO, by ecosystems and oceans (that together take
up annually roughly half of human CO, emissions).
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Time periods of interest
include the mid-Pliocene, 3-5
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Studies using GAW CH, measurements indicate that increased CH, emissions from wetlands in the tropics and from anthropogenic
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sources at mid-latitudes of the northern hemisphere are likely causes of the renewed growth.
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Though there are several hypotheses for the renewed CH, increase, the most plausible one is that an increase has
occurred in some or all sources of biogenic (wetlands, ruminants or waste) emissions, which contain relatively little 13C.
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Fixing leakages from super emitters
represents a cost-efficient emission reduction
opportunity that has not be fully utilized.
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Comparison between measured CH,
emissions and “bottom-up” estimates
based on inventory and industry
reports (Canada).
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N,O mole fraction (ppb)
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Monthly mean mole fractions of sulfur hexafluoride (SF;) and the most important halocarbons: (a) SF, and lower
mole fractions of halocarbons and (b) higher halocarbon mole fractions. For each gas, the numbers of stations used
for the analysis was as follows: SF, (87), CFC-11 (23), CFC-12 (25), CFC-113 (22), CCl, (21), CH,CCl, (25), HCFC-141b
(10), HCFC-142b (15), HCFC-22 (14), HFC-134a (11), HFC-152a (10).
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Radiative Forcing (W m-2)
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This corresponds to equivalent CO, mole fraction
(http://www.esrl.noaa.gov/gmd/aggi). of 500 ppm

CO, alone contributes 82%
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Impact of COVID-19 lockdown measures on the
levels of atmospheric CO,

Recent monthly mean CO,
B T AU

at Mauna Loa Observatory

415

Estimated changes in fossil fuel CO,
emission cause by COVID-19
confinement measures in 2020

410

parts per million (ppm)
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Global fossil CO, emissions have decreased by 7% in 2020 (Le Quéré, C., Peters, G.P., Friedlingstein, P. et al. Nat. Clim. Chang. 11, 197-199
(2021). https://doi.org/10.1038/s41558-021-01001-0).

At the global scale, an emission reduction of this magnitude will not cause atmospheric CO, levels to decrease; they will merely increase at a
slightly reduced rate, resulting in an anticipated annual atmospheric CO, concentration that is 0.08 ppm—0.23 ppm lower than the anticipated
CO, concentration if no pandemic had occurred. This falls well within the 1 ppm natural inter-annual variability and means that in the short-
term, the impact of COVID-19 confinement measures cannot be distinguished from natural year-to-year variability.



BA
ATMOSPHER
A

The WMO Integrated Global Greenhouse Gas Information
System (IG31S), utilizes atmospheric observations and
modelling to quantify changes in emission of greenhouse gases
(please follow session AS3.8 on Friday, 30 April)

Another approach, adopted the Integrated Carbon
Observation System (ICOS), directly measures CO, emissions
within cities. A recent study by ICOS detected reductions in
CO, emissions of up to 75% in centres of various cities,
including Helsinki, Florence, Heraklion, Pesaro, London, Basel
and Berlin, using techniques that directly measure vertical
exchange fluxes within a circumference of several kilometres
from the measurement point.

CO, flux [ pmolm s 7]

20

10

0

gle Z

‘ I I “ Previous years

10 Feb

01 Mar

21 Mar
Time

10 Apr

30 Apr




Z (U U [ Z = d diopd

The full version of the Greenhouse Gas Bulletin is available at https://library.wmo.int/doc_num.php?explnum_id=10437

The full Data Summary by the World Data Center is available at https://gaw.kishou.go.jp/publications/summary

Fifty-five WMO Members have contributed CO, and other greenhouse gas data to the GAW WDCGG. Approximately 40% of the
measurement records submitted to WDCGG were obtained at sites of the NOAA Earth System Research Laboratory cooperative
air-sampling network. For other networks and stations, see GAW Report No. 255. The Advanced Global Atmospheric Gases
Experiment also contributed observations to the Bulletin. The GAW observational stations that contributed data to the Bulletin
are included in the list of contributors on the WDCGG web page (https://gaw.kishou.go.jp/). They are also described in the GAW
Station Information System, GAWSIS (http://gawsis.meteoswiss.ch), supported by MeteoSwiss, Switzerland.
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