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KRISS Gas Metrology supporting national and global efforts
                                                                     of mitigating air pollution and climate change

Sangil Lee, K. Hong, H. Eun, J. Kang, H. Lee, J. Lee, J. Jung, Gas Metrology Group, Korea Research Institute of Standards and Science (KRISS), slee@kriss.re.kr

Metre Convention and KRISS: Contribution to improving air quality and mitigating climate change
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Status/Measuring Progress

Designating/Implementing 
Control Strategies

Scientific/Technical 
Foundation

Gas Metrology in Air Quality Management Advancements in Gas Metrology

Advancing  Gravimetry Preparation
by developing KRISS Automatic Weighing System (KRISS AWS)

1st generation KRISS AWS 2nd generation KRISS AWS 3rd generation KRISS AWS

Disseminating KRISS AWSs to NMIs
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Challenges in Improving O3 Air Quality

§ Better scientific understanding of ozone formation in Korea
§ Identification of key ozone precursors in Korea
§ Development of CRMs for key ozone precursors
§ Development of measurement methods for radicals related with ozone 

formation
§ Development of measurement methods for reactive nitrogen oxides related 

with nitrate aerosol
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used and the averaging procedure, as well as a slight di!erence 
in the time period for which the numbers are representative. 
WMO WDCGG follows the procedure described in detail in 
GAW Report No. 184 [3]. The results reported here for CO2 di!er 
slightly from those in the GHG bulletins issued before 2020 (by 
approximately 0.2 ppm) because data are now reported on 
the new WMO CO2 X2019 calibration scale [4]. Historical data 
have been converted to the new scale to ensure consistency 
in reported trends.

The table  provides globally averaged atmospheric abundances 
of the three major LLGHGs in 2021 and changes in their 
abundances since 2020 and 1750. Data from mobile stations 
(blue triangles and orange diamonds in Figure 4), with the 
exception of data provided by NOAA sampling in the eastern 
Pacific, are not used for this global analysis.

The three GHGs shown in the table are closely linked to 
anthropogenic activities and interact strongly with the biosphere 
and the oceans. Predicting the evolution of the atmospheric 
content of GHGs requires a quantitative understanding of 
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Executive summary

The latest analysis of observations from the WMO GAW in 
situ observational network shows that globally averaged 
surface mole fractions(4) for carbon dioxide (CO2), methane 
(CH4) and nitrous oxide (N2O) reached new highs in 2021, 
with CO2 at 415.7±0.2 ppm,(5) CH4 at 1908±2 ppb and N2O at  
334.5±0.1 ppb. These values constitute, respectively, 149%, 
262% and 124% of pre-industrial (before 1750) levels. The 
increase in CO2 from 2020 to 2021 was equal to that observed 
from 2019 to 2020 and larger than the average annual growth 
rate over the last decade. For CH4, the increase from 2020 to 
2021 was higher than that observed from 2019 to 2020 and 
considerably higher than the average annual growth rate 
over the last decade. For N2O, the increase from 2020 to 2021 
was slightly higher than that observed from 2019 to 2020 and 
also higher than the average annual growth rate over the last 
decade. The National Oceanic and Atmospheric Administration 
(NOAA) Annual Greenhouse Gas Index (AGGI) [1] shows that 
from 1990 to 2021, radiative forcing by long-lived greenhouse 
gases (LLGHGs) increased by 49%, with CO2 accounting for 
about 80% of this increase.

Overview of observations from the GAW in situ 
observational network for 2021

This eighteenth annual WMO Greenhouse Gas Bulletin reports 
atmospheric abundances and rates of change of the most 
important LLGHGs – carbon dioxide, methane and nitrous 
oxide – and provides a summary of the contributions of 
other greenhouse gases. CO2, CH4 and N2O, together with 
dichlorodifluoromethane (CFC-12) and trichlorofluoromethane 
(CFC-11), account for approximately 96%(6) [1] of radiative 
forcing due to LLGHGs (Figure 3).

The WMO Global Atmosphere Watch Programme coordinates 
systematic observations and analyses of greenhouse gases 
(GHGs) and other trace species. Sites where GHGs have 
been measured in the last decade are shown in Figure 4. 
Measurement data are reported by participating countries 
and archived and distributed by the WMO World Data Centre 
for Greenhouse Gases (WDCGG) at the Japan Meteorological 
Agency.

The results reported here by WMO WDCGG for the global 
average and growth rate are slightly di!erent from the results 
reported by NOAA for the same years (see [2] and the cover 
page of the present bulletin) due to di!erences in the stations 

Figure 4. The GAW global network for carbon dioxide in the 
last decade. The network for methane is similar.

Figure 3. Atmospheric radiative forcing, relative to 1750, by 
LLGHGs, according to the 2021 update of the NOAA AGGI [1] 

a Assuming a pre-industrial mole fraction of 278.3 ppm 
for CO2, 729.2 ppb for CH4 and 270.1 ppb for N2O. The 
number of stations used for the analyses was 147 for 
CO2, 149 for CH4 and 108 for N2O.

CO2 CH4 N2O

2021 global mean 
abundance 

415.7±0.2 
ppm

1908±2 
ppb

334.5±0.1 
ppb

2021 abundance 
relative to 1750a 149% 262% 124%

2020–21 absolute 
increase 2.5 ppm 18 ppb 1.3 ppb

2020–21 relative 
increase 0.61% 0.95% 0.39%

Mean annual absolute 
increase over the past 
10 years

2.46 ppm yr–1 9.2 ppb yr–1 1.01 ppb yr–1

Table. Global annual surface mean abundances (2021) and trends 
of key greenhouse gases from the GAW in situ observational 
network for GHGs. The units are dry-air mole fractions, and 
the uncertainties are 68% confidence limits. The averaging 
method is described in GAW Report No. 184 [3].
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Global and National GHG Initiatives
for GHG Mitigation

Enhancing monitoring infrastructure
for verifying GHG emissions

Developing KRISS Scales
for CO2 and CH4 Amount Fractions
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Developing Reference Materials
for CO2 and CH4 Isotope Ratios
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KRISS Atmospheric CO2 Extraction system (KACE)

Chemical/isotopic purity analysis
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Mini-cylinder automatic weighing system

Disseminating GHG Measurement 
Standards (since 2025)

Reducing biases in both the Scales and measurements
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§ KRISS CO2 and CH4 Scales

§ Atmospheric CO2 and CH4 isotope  ratio reference materials

§ Pure CO2 and CH4 isotope ratio reference materials

§ Determination of SI traceable isotope ratios of the VPDB Scale

KRISS Scales
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WMO Global Greenhouse Gas Watch

Korea National GHG Monitoring Programme

Poor ozone air quality

Improved air quality

Since 2000, KRISS has been participating in key comparisons for Metrological Competence2000 2027

Gaps in both global and national levels

Reconciliation between two methods

Gas Metrology

Global National

Better Standards, Better Environment, Better Future

(source: wikipedia)

(source: airkorea.or.kr)

(source: wmo.org/gaw)

(source of data: CO2 fossil fuel emissions from ourworldindata.org, global CO2 concentration from NOAA, Korea CO2 concentration from KMA)

KRISS measurement system for isotope ratios
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Better Understanding of Ozone Formation;
 CRMs and Measurement Tecniques for key precursors

Better Estimation of GHG Emissions;
CRMs and Measurement Tecniques for greenhouse gases

Metre Convention since 1875 KRISS since 1975 (image sources: irishmirror.ie, gettyimages)

(data from NIER 2023 annual report)
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