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Anthropogenic Perturbation of the Global Carbon Cycle

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2002-2011 (PgCl/yr)
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http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/

Global Carbon Budget

Emissions to the atmosphere are balanced by the sinks
Averaged sinks since 1959: 44% atmosphere, 28% land, 28% ocean
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The dashed land-use change line does not include management-climate interactions

The land sink was a source in 1987 and 1998 (1997 visible as an emission)
Source: Le Quéré et al. 2012; Global Carbon Project 2012
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Fossil and Cement Emissions

Global fossil and cement emissions: 9.5+0.5PgC in 2011, 54% over 1990
Projection for 2012: 9.7+0.5PgC, 58% over 1990
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Uncertainty is =5% for one standard deviation (IPCC “likely” range)

Source: Peters et al. 2012a; Le Quéré et al. 2012; CDIAC Data; Global Carbon Project 2012



Peters et al. 2012
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Total Global Emissions

Total global emissions: 10.4+0.7PgC in 2011, 37% over 1990
Percentage land-use change: 36% in 1960, 18% in 1990, 9% in 2011
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Land-use change black line: Includes management-climate interactions
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WMO/GAW Global CO, Monitoring Network
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WMO - CO2 GLOBAL DISTRIBUTION




NOAA GLOBALVIEW-CO,: Cooperative Atmospheric
Data Integration Project
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Atmospheric Concentration

The pre-industrial (1750) atmospheric concentration was 278ppm
This has increased to 390ppm in 2011, a 40% increase
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“Seasonally corrected” is a moving average of seven adjacent seasonal cycles
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GGMT 2013 Technical Recommendations

EXPERT GROUP RECOMMENDATIONS

EXPERT GROUP RECOMMENDATIONS FOR MEASUREMENTS OF CARBON DIOXIDE,
OTHER GREENHOUSE GASES, AND RELATED TRACERS

The scientists present at the 17" WMO/IAEA Meeting of Experts on Carbon Dioxide, Other
Greenhouse Gases and Related Tracers Measurement Techniques (abbreviated as GGMT-2013),
10-13 June 2013, in Beijing, China, recommend the following procedures and actions, to achieve
the adopted WMO goals for GAW network compatibility among laboratories and central facilities as
summarised in Table 1. These goals are motivated from the perspective of the required data
qguality and compatibility for interpretation of global or continental scale atmospheric data, obtained
from different laboratories, and for example joint use in atmospheric transport model inversion
studies. These compatibility goals should be reached in the respective specified mole fraction
ranges observed in the global background troposphere and where calibration scales are well
defined by the WMO/GAW Central Calibration Laboratories.

The use of terminology is based on standardized definitions as released by I1SO
(International Organization for Standardization; www.iso.org), in particular the Joint Committee for
Guides in Metrology (JCGM) (for details see: http://www.iso.org/sites/JCGM/JCGM-
introduction.htm), and has been requested by GAW since WMO/GAW Report No. 142 (2001),
"Strategy for the Implementation of the Global Atmosphere Watch Programme (2001 — 2007)" and
highlighted further in the WMO/GAW Strategic Plan: 2008-2015 (WMO/GAW Report No. 172) and
its Addendum (WMO/GAW Report No. 197).



SUMMARY OF PURPOSE: WHY WE NEED HIGH ACCURACY
ATMOSPHERIC TRACE GAS MEASUREMENTS

The United Nations Framework Convention on Climate Change (UNFCCC), which has

been signed by nearly all nations, requires signatories to assess greenhouse gas emissions. Three
main objectives justify atmospheric observations:

1.
2.

To monitor atmospheric greenhouse gas burdens.

To quantify natural and anthropogenic emissions and removals of greenhouse gases
(GHG), including attribution by region and by process, and to understand the
controlling processes.

To provide the basis for an independent "top-down" audit of the "bottom-up" UNFCCC
emissions inventories.
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Table 1: Recommended compatibility of measurements within the scope of GGMT

Component Compatibility goal Extended Range in Range covered
compatibility unpolluted by the WMO
goal troposphere scale

CO; + 0.1 ppm (Northern + 0.2 ppm 360 - 450 ppm 250 — 520 ppm

hemisphere)
+ 0.05 ppm (South.
hemisphere)

CH,4 + 2 ppb + 5 ppb 1700 — 2100 ppb 300 — 2600 ppb

CcoO + 2 ppb + 5 ppb 30 — 300 ppb 25 -1000 ppb

N-.O + 0.1 ppb + 0.3 ppb 320 — 335 ppb 260 — 370 ppb

SFg + 0.02 ppt + 0.05 ppt 6 — 10 ppt 2.4 — 9.8 ppt

H> + 2 ppb + 5 ppb 450 — 600 ppb 140 -1200 ppb

5'°C-CO, + 0.01%o + 0.1%o -7.5 t0 -9%o VsS.

VPDB
5'°0-CO, + 0.05%o + 0.1%o -2 10 +2%o VS.
VPDB

A'C-CO, + 0.5%o + 3%o 0-70%o

A'C-CH, + 0.5%o 50-350%o

A'c-co + 2 molecules cm™ 0-25 molecules

5"°C-CH, + 0.02%o + 0.2%o cm’

6D-CH, * 1%o0 + 5%o0

02/N, + 2 per meg + 10 per meg -250 to -800 per

meg (vs. SIO
scale)




15. ORGANIZATION OF GGMT-2015

There was general agreement among all that it would be desirable to convene the next
meeting, the 18" WMO/IAEA Meeting on Carbon Dioxide, Other Greenhouse Gases and Related
Tracers Measurement Techniques, at Scripps Institution of Oceanography to celebrate the 40"
anniversary of the first meeting in 1975. Dr. Ralph Keeling has agreed to organize and host this
meeting.

25 anniversary of the GAW Programme at the 13th iCACGP / 13th IGAC
Quadrennial Symposium/Conference. Conference will take place on 22-26
September 2014 in Natal, Brazil (http://igac-icacgp2014.org/)



http://igac-icacgp2014.org/

What is GAW? e

\| .,
\)
v!l}

WMO/GAW was established 1989 by merging GO3OS
and BAPMoN.

GAW focuses on global networks for GHGs, ozone,
UV, aerosols, selected reactive gases, and
precipitation chemistry.

GAW is a partnership involving contributors from 80
countries.

GAW is coordinated by the Environment Division of
WMO/AREP under the purview of WMO Commission
for Atmospheric Science (CAS)

Currently GAW coordinates activities and data from
27 Global stations, 413 Regional stations, and 164
Contributing stations (http://gaw.empa.ch/gawsis/)

16



ow does GAW work?
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An Observational Network with Global ﬁﬁ‘
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Need for quality control

‘Detect small trends (through DQO)
‘Detect small spatial gradients
*Ensure long-term stability of
observations

Data comparability (on the same
scale)




oo g o Sl j‘é%%}
Central Facilities %&?‘é

Five types of central facilities:
» Central Calibration Laboratories

(CCLs)

* Quality Assurance/Science Activity
Centres (QA/SACs)

+ World Calibration Centres (WCCs)
Regional Calibration Centres (RCCs)

+ World Data Centres (WDCs)

20



Propagation of WMO Mole Fraction
Scale for CO,

15 WMO Primary manometric 20 additional manometric
reference gas mixtures CO2 in air mixtures
COZ2 in air, range 230-520 ppm range 75-3000 ppm
- 7
transfer by any suitable _- - f
analytical method _ -~ /
.-—'*f f
a ‘,Ff
16 secondaries /
range 250-530 ppm f"’
/
/
/

¥ L.

1 target cylinder 3 - 4 working
per site standards per site
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Propagation of WMO Mole Fraction
Scale for CO,

Standard deviation of individual cylinder manometric calibrations
during each calibration episode.

N St.Dev. St.Dev. (one sigma)

(all)  (300-420)

Ppm pPpm
1996 64 0.12 0.09

1998 58 0.14 0.13
2000 55 0.1 0.10
2001 62 0.09 0.08
2003 62 0.06 0.06
2004 48 0.04 0.04

2006 41 0.03 0.03
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Quality Assurance I (S8
World or Regional Calibration Centres

Linking Observations fo World Reference Standards and Ensuring Network
Comparability through intercomparison campaigns and regular audit

- EMPA, Switzerland

« CH, - EMPA, Switzerland (Am, E/A)
- JMA, Japan (A/O)

* N,O - IMK-IFU Garmisch, Germany
« CFCs, HCFCs, HFCs - WCC is not assigned

23



Quality Assurance IT (&)

Standard measurements procedures
and measurements guidelines

* CH, and N,O - updated GAW report 185

« CO, - GAW report 134 (evolving
through semi-annual meetings)

« CFCs, HCFCs, HFCs - MG are not established

The Guide for Data submission and dissemination (by
WDCGG) is updated (GAW report 188 )

24



Quality Assurance III

Stations twinning/ Training/Expert workshops

Twinning

Empa - Assekrem (Algeria), Bukit Koto Tabang (Indonesia) and Mt.
Kenya (Kenya)

The Institute for Meteorology and Climate Research, (IMK-IFU) -
Cape Point (South Africa).

NOAA (ESRL) - Ushuaia (HATS group), Tiksi (Russia) and a number
of others

Training

The GAW Training and Education Centre (GAWTEC)

EMPA conducts training for operators of stations Mt. Kenya
(Kenya), Bukit Koto Tabang (Indonesia), Assekrem (Algeria),
Shangdian’ zi (China)

NCAR (Boulder) has provided training for Mt. Kenya operators
specifically for their CO, analyzer installed in 2008,

Expert meetings

Biennial WMO/IAEA Meeting of Experts on Carbon Dioxide, Other
Greenhouse Gases, and Related Tracer Measurement Techniques
(since 1975)

25




Laboratories
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The lefi-hand figure shows the latitudinal distribution
of atmospheric methane (CH,) interpolated from
measuramaents made af the WMO Global Atmosphere
Watch stations. After remaining nearly constant from
1999 to 2006, stmospheric CH, began increasing again
in 2007. Total global emigsions can be calculated from
the obsarved stmospheric CH, burden and rate of
increase, combined with an astimate of methana's
atmospheric lifetime (about 8 years). Differences
betwaen these emissions (ACH,) and average
emissgions for 2003-2006 are plotted as blue circles
in the right hand figure; the dashed blue lines show

Executive summary

The latest analysis of obsarvations from the WMO Glokal
Armosphere Watch ({GAW) Programme shows that the
globally averaged mole fractions of carbon dioxide (CO., ),
methane (CH,) and nitrous oxide (M, 0] reached new highs in
2012, with CO, at 392.1:0.1 ppm'¥, CH, at 18181 ppb*! and
N, at 3251201 ppb. These valuas constitute, respactively,
141%, 260% and 120% of pre-industrial (before 1750)
lewels. The atmospheric increase of CO, from 2011 to 2012
is higher than the average growth rate over the past 10
vyears. For N,O the increase from 2011 to 2012 is smaller
than the one observed from 2010 to 2011 but larger than the
average growth rate over the past 10 years. Atmospheric

ACH, Emissions (Tg yr')

1965 1890 18096 2000 2006 2010
Yar

average differences for 1984-2008 and 2007-2012.
From 1384 to 2008, emissions were highly variabla
but persistently lower than for 2007 to 2012, except
for 1991 and 1998. Monthly emission differences
fin Tg CH, yr') caleulated globally fred) and for the
Arctic {green) by a chemical frangport model study
are also shown (Bergamaschi, et al., 2013). Analysis
of the data indicates that tropical and mid-latitude
Northern Hemisphare emisgions have contributed
to incraases in atmospheric CH, since 2007, and that
there hag not yet been a mesesurable increase in Arctic
CH, emiggions.

CH, continued to increase at a rate similar to the one
observed over the past 4 years. The Mational Oceanic and
Atmospheric Administration (NOAA) Annual Greenhousa
Gas Index shows that from 1980 to 2012 radiative forcing
by long-lived greenhouse gases increased by 32%., with
C0, accounting for about 80% of this increase.

Overview

This ninth WMO/GAW Annual GHG Bulletin reports
atmospheric abundances and rates of change of the most
important long-lived greenhouse gases (LLGHGs| - carbon
dioxide, methane, nitrous oxide - and provides 8 summary
of the contributions of the other gases. Thesa three together
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Global abundanca in
Finhled

2012 abundance relative
1o year 17a0*

201112 absolute
incromse

2011=12 rolative
incroase
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Lab. de Quimica Atmosférica CQMA/IPEN
Réplica do Laboratério da NOAA/ESRL/GMD

(National Oceanic Atmospheric Administration / Earth System
Research Laboratory / Global Monitoring Division)
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Calibration curve
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Natal IPEN / NOAA weekly inter comparison
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Constructing a Brazil Network in
Climate Change Observatlon System

-Vertical Profiles
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Constructing a Brazil Network in
Climate Chang

-Towers




1- Vertical profiles
2- Towers

3- Central Laboratory Facilities

- standards from natural air
- produce a prototype for tower GHG calibrated measures

- Training courses



Developing the capability to produce
GHG standards from Natural air

CO,: 0.03ppm precision

CH4: 2ppm precison
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1600 UTC 21 Aug 09
GDAS Meteorological Data
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