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The state of greenhouse gases in the atmosphere using global observations through 2010

LT el
g

y":"\:’) O.A. Tarasova (1), H.Koide (2), E.Dlugokencky (3), B.Hall (3), S.A. Montzka (3),
P.Krummel (4), E.Brunke (5), and H.-E. Scheel (6)

Meteorological
Organization

Weather - Climate - Water

(1) World Meteorological Organization, Geneva, Switzerland, (2) WMO World Data Centre for Greenhouse Gases, c/o Japan Meteorological Agency, Tokyo, Japan
(3) NOAA, Earth System Research Laboratory, Boulder, Colorado, USA , (4) CSIRO Marine and Atmospheric Research, Aspendale, Victoria, Australia, (5) South African Weather
Service, Stellenbosch, South Africa, (6) Karlsruhe Institute of Technology (KIT), IMK-IFU, Garmisch-Partenkirchen, Germany

: Global abundances and increases for key greenhouse gases . o . . . y . _
Executive summary rom e G 9ok recomse gus movrg rerwr S ode 1w e i e gt conritr fo ot £y ot
The latest analysis of observations from the WMO Global Atmosphere Watch Global abundances for 2010 are calculated as an average it inteorated 100 vears is 298 i por ! emissions of
P hows that the globally averaged mixing ratios of carbon dioxide (CO.) over twelve months crimare inregrareq over years is 'mes greajer Than equal emissions o 315
rogramme S . globally 9 9 . . : 2). ‘ carbon dioxide (CO,). It plays an important role in stratospheric ozone (O3) ¢/
methane (CH,;) and nitrous oxide (N,O) reached new highs in 2010, with CO, at CO, (ppm) | CH, (ppb) | N,O (ppb) destruction. The major anthropogenic source of N-O to the atmosphere is the s “
389.0 ppm, CH, at 1808 ppb and N,O at 323.2 ppb. These values are greater Global abundance in 2010 389 0 1808 393.9 use of nitrogen containing fertilizers (including manure), which have profoundly 3
than those in pre-industrial times (before 1750) by 39%, 158% and 20%, B o clative fo 139 2580, 120% affected the global nitrogen cycle. Reductions in the amounts of fertilizer ",
respectively. Atmospheric increases of CO, and N,O from 2009 to 2010 are | ear1750 applied to agricultural fields to better mafch the nifrogen needs of crops can  “.3
consistent with recent years, but they are higher than both those observed from  [5009.10 absolute increase 23 . 08 reduce NO emissions. Such changes must be made carefully to avoid lower <, = 3
2008 to 2009 and those averaged over the past 10 years. Atmospheric CH " ' ' crop yielas, which would raise concerns about global food securify. The T s o 2004 2008 2005 01
: : : ith +h h : BENOAA A Jlf 2009-10 relative increase 0.59% 0.28% 0.25% predominant use of fertilizers in the mid-latitudes of the northern hemisphere 750 80198219841986198819901992199“99519982000@: R
continues to increase, consistent with the past three PE S nnua Mean annual absolute 197 26 0.75 is responsible for the small inter-hemispheric gradient of ~1.2 ppb. " 298 300 305 310 315 20 25
Greenhouse Gas Index shows that from 1990 to 2010, radiative forcing by long- increase during last 10 years Prb

lived greenhouse gases increased by 29%, with CO, accounting for nearly 80% of

. . . . . . Assuming a pre-industrial mixing ratio of 280 ppm for CO,, 700 ppb for CH, and 270 ppb for N,O : :
this increase. Radiative forcing of N,O exceeded that of CFC-12, making N,O the B | _ ——e Nitrous Oxide (Nzo)
third most important long-lived greenhouse gas. . Ak Lol an \ A SSoSSe N 325 5
o O : ) —
Y s A ® o ®e 2 ™
X r:.." A ° o[a%s ’ ol s o 320 E h
() () . . : y - L “A A ® oo —
Carbon Dioxide (CO.) 8y /i gra f | | N S 2 15
Q ' 2 o AL g A -« 5 315 ©
400 v -2 o sel a ) N ! » c | | | £
4 | c X A A A A " _ ‘; @-"‘”“*&@& E 1 . ﬁ
= 390 —_ — .2 e i 1 ‘A,._fz:gA: g‘.’ : ° 310 = §% o &3
- ; b o O ® : "S A A A : ; V) o : ‘E g % £95 3
Q < 0 ° A A = ' 4 ' § W
= 380 c i o £ NEEy : o o A
3 S 2 . © a4 |4 ~ 305 5
g % O 5 o A A : = Y, 0.5 )
o 370 O ; S @ o | A | ‘ ™ mﬁg : Z“
£ S A A R4 < Y | ™A : | | 300 I |
o 360 = 2 V‘Mv O i . /o o 7 R R S S SN S 0
= a 85 ¢ + é % ﬁ ' s / 1980 1985 1990 1995 2000 2005 2010
E 350 . o800 3 ~ X ) f w - NR g v A Vour 1980 1985 1990 1995 2000 2005 2010
o Y. el 2 - o | g I , , . - - :
© 340" 2 v s . : | -Nitrous oxide contributes ~6% to radiative forcing by LLGHGs
| | | | | 8 *Ground—-based Aircraft 4 Ship ~+GHG Comparision Sites -The third most important contributor to this total 3
30 es 1990 1995 2000 2005 2010 S T NS -N,O atmospheric abundance prior to industrialization was 270 ppb.
Year 1985 1990 1995 2000 2005 2010 - anthropogenic sources may account for approximately 407% of total N,O emissions
minor - L - .
Carbon dioxide: - - merenn TerEE ERe HER RO, » - globally averaged N,O during 2010 reached 323.2 ppb
-contributes ~64% to radiative forcing by LLGHGs | 129 = - - increase from previous year is 0.8 ppb and that of from the pre-industrial level is 20%
- responsible for 85% of the increase in radiative forcing over the past decade 251 23 - the mean growth rate has been 0.75 ppb/yr over the past 10 years
- and 81% over the last five years | 10 % A/
- since 1750, atmospheric CO, has increased by 39% = 201 a — Other 6Greenhouse Gases
- globally averaged CO, in 2010 was 389.0 ppm S 15| @
- the increase from the year before was 2.3 ppm PR “-BE ) RO
- 2010 growth rate is higher than the average for the 1990s (~1.5 ppm/yr) and the 8104 0a B < 2 500 o T
average for the past decade (~2.0 ppm/yr) & = g’ / B
” m 02 £ | S = 400
< = 6 0O *,./""M
0.0 0.0 © S 300 "
R R R o - - N © CFC-1 | [ ]
CEEEEEEEEEEE LR LR TR R R AR R R RS 2 5 - | -
Methane (CH4) : 2 200 —— e de
Atmospheric radiative forcing, relative to 1750, of all long-lived greenhouse gases and - § T lenyca, ity
1850 e the 2010 update of the NOAA Annual Greenhouse Gas Index (AGGI). The reference % 4 100 . ————
20 year for the index is 1990 (AGGT = 1). X . 113__’__,‘%‘" ~_HFC-134a | HCEC-141h
— : : E E E — . . . 3 ' ' ' ' ' ' ' ' 0 il A SN B == —_a
2 1800 'a ------------------------------ e _JAA] E b 2010 level of total radiative forcing corresponds to 1994 1996 1998 2000 2002 2004 2006 2008 2010 s T e
= 2 aaaAlalal®® | = 15 % CO.-eq= 469 7 m Year Year
5 Y Al % Vaw & 2 q - ' p p ' : Monthly mean mole fraction of the most important halocarbons
= I 10— 1 1 T S— 4 = LA VANES & - | Monthly mean mole fraction of sulphur hexafluoride (SFy ) from y p
g . :'o,?;"aé.: 'r,: 3 10 - '-. & Equ||lbr|um global mean temperature Increase 1995 to ZOJOGVe/ﬂagedove/—' 18 stations. f/‘0/7719777‘0 ZOJOGve/"agea'ove/‘ the ﬂefWOf'k(befWeeﬂ /7 and 19
- N :.-;.?; S above pre-industrial (°C) o . . Smmns.) .
L9700 F T T -,g . -SF¢ mixing ratio has increased to double that observed in the mid-1990s
- A0 | o -The ozone-depleting chlorofluorocarbons (CFCs), together with minor halogenated gases,
~ & : : : : : e p 9 9 9 9
G 1650 {4 e 4 2 0 contribute about 12% to radiative forcing by LLGHGs.
| | | | | © - While CFCs and most halons are decreasing, hydrochlorofluorocarbons (HCFCs) and
16001 cor ross 1o oo oo o 5 hydrofluorocarbons (HFCs), which are also potent greenhouse gases, are increasing at rapid rates,
Vear 1985 1990 1995 2000 2005 2010 alThough They are still low in abundance
- Tropospheric ozone (O3) has a relatively short lifetime. Its radiative forcing, however, appears to
-Methane contributes ~18% to radiative forcing by LLGHGs be comparable to that of the halocarbons, although much less certain.
-anthropogenic sources account for around 60% of emissions - Many other pollutants (such as carbon monoxide, nitrogen oxides and volatile organic compounds),
- before the industrial era, atmospheric methane was at ~700 ppb although insignificant as greenhouse gases, have an indirect effect on the radiative forcing through
- globally averaged CH, in 2010 was 1808 ppb 0 | . | . | | their impact on tropospheric ozone abundance.
-the growTh rate of CH4 decreased from ~13 ppb/yr dur'ing the ear'ly 1980s to near 300 400 500 600 700 800 900 1000 -Aerosols (Suspended parﬂcula']'e maTTer) are also short-lived substances that influence radiative

GHG concentration stabilization level (ppm CO, eq) forcing,

Relationship between global mean equilibrium temperature change and stabilization
concentration of greenhouse gases using: (i) 'best estimate’ climate sensitivity of 3 C (black),
(ii) upper boundary of likely range of climate sensitivity of 4.5 C (red), (iii) lower boundary of
likely range of climate sensitivity of 2 C (blue) - IPCC AR4, WG3

zero from 1999 to 2006
-the 19 ppb rise from 2006 to 2009 was followed by a 5 ppb rise in 2010
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