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An recognized goal: limit the manmade global warming to 2o 

corresponding to ca 400 ppm CO2 

 

Scientific community -> IPCC -> EU -> Norway with government and authorities 

 

In 1996 the EU adopted a target of a maximum 2°C rise in global mean 
temperature, compared to pre-industrial levels.  

18 December 2009: the 15th session of the Conference of Parties (COP 15) to the 
United Nations Framework Convention on Climate Change:  

• To prevent dangerous anthropogenic interference with the climate system, 
recognizes "the scientific view that the increase in global temperature should 
be below 2 degrees Celsius", in a context of sustainable development, to 
combat climate change. 

 IPCC AR4 has indicated that achieving the 2 ºC target with “reasonable 
probability” will mean stabilising greenhouse gas (GHG) concentrations in the 
atmosphere at about 445 to 490 ppm CO2-equivalents (WG3) 

SARMA workshop, 3. june 2013 



Outline 

• Development of CO2 and CH4 in a historical perspective 

• Interpretation of observations 
• The importance of adequate measurements networks 

• The most important greenhouse gases and their recent 
development and trends 

• What about the relationship 2oC and 400 ppm ? 
• CO2 equivalents 

• Climate sensitivity 

• Other important factors 

SARMA workshop, 3. june 2013 



The main greenhouse gases and their contribution 
to change in radiative balance from 1750-2005 

->DT = ca + 0.8 oC since 1750 

SARMA workshop, 3. june 2013 



Time history of atmospheric carbon dioxide from 800,000 years 
ago until January, 2012. 

Provided by  
National Oceanic & Atmospheric Administration- NOAA Research 
http://www.esrl.noaa.gov/gmd/ccgg/trends/history.html  

SARMA workshop, 3. june 2013 

http://www.esrl.noaa.gov/gmd/ccgg/trends/history.html


Time history of atmospheric CH4 from the year 
1000 until, 2005 

http://gcmd.nasa.gov/KeywordSearch/Metadata.do?Portal=amd&KeywordPath=Parameters%7CPALEOCLIMAT

E%7CICE+CORE+RECORDS%7CMETHANE&EntryId=CDIAC_CH4_LAWDOME&MetadataView=Full&Metadat

aType=0&lbnode=mdlb3  

ca 700 ppb 

 2005:  
1783 ppb 
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The importance of sites, networks, location  



The importance of sites, networks, location  

 3397.00 m.a.s 

• Both sites: 

• No/Little influence by local pollution 

• ”Free sight” 

• Regional background conditions at Birkenes 

• Regional background /Hemispheric background at 
Mauna Loa 

 

Mauna Loa (NOAA) Birkenes (NILU) 



CO2: One year at Birkenes and Maona Loa 
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Main Norwegian Observatories 



The Zeppelin Observatory 
Zeppelin, an atmospheric supersite 
• 78o 54'N, 11o 53'E,  

• 475 m.a.s.l. Ny-Ålesund, Svalbard  

•  Unique location in atmospheric monitoring 

– Global/hemispheric change 

• Tropospheric ozone since 1989  

• more than 40 greenhouse gases including CH4, 
ozone, CFCer, HCFCer, HFCer, halons, others 
since 2001/2010 (GC) 

• Other trace gases: VOCs, CO, H2 , SO2, HNO3 
since 2001 

• N2O since 2009 

• CO2 since in 2012, NILU 

• University of Stockholm since 1989 

• Various aerosol properties mostly performed by 
University in Stockholm  

• POPs, Hg, etc 

 



Recent observations at Zeppelin 
CO2 1988-2011 

 

SU maintains a continuous 
infrared CO2 
instrument: 1988-2011 

 

NILU: New CO/CO2 Picarro 
instrument since spring 
2012 in parallel 

 

Weekly flask sampling 
programme lead by 
NOAA CMDL 

 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

340

350

360

370

380

390

400

410

 

 

p
p
m

v

Year

Arctic and Northern Hemispheric daily mean 



Recent observations at Zeppelin 
CO2 1988-2011 

 

SU maintains a continuous 
infrared CO2 
instrument: 1988-2011 

 

NILU: New CO/CO2 Picarro 
instrument since spring 
2012 in parallel 

 

Weekly flask sampling 
programme lead by 
NOAA CMDL 
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Recent observations at Zeppelin 
Arctic and Northern hemispheric CO2 

SARMA workshop, 3. june 2013 



Recent observations at Zeppelin 
Arctic CH4 
Lifetime ca 10 years 

GWP= 25 

Trend 2001-2011: +4.3 ppb year -1 
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Other greenhouse gases at Zeppelin Observatory 
Halocarbons 

CFC-11  
Lifetime: 45 years  

GWP = 4660 

CFC-12 
Lifetime: 100 years  

GWP = 10 200 

CFC-113 
Lifetime: 85 years  

GWP = 5 820   

CFC-115 
Lifetime: 1020 years  

GWP = 7670 
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Other greenhouse gases at Zeppelin Observatory 
Halocarbons 
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Montreal protocol signed in 

1987 works! 

Direct results of  science policy 
interaction  
Excellent!  

Also to the benefit for climate 

GWP: Hodnebrog, et al., 2013 



Other greenhouse gases at Zeppelin Observatory 
Halocarbons 

HCFC-22  
Lifetime: 11.9 years  

GWP is 1760 

 

HCFC-141b 
Lifetime: 9.2 years  

GWP is 782 

 

 

HCFC-142b: 
Lifetime: 17.2 years  

GWP is 1980 

 

75

100

125

150

175

200

225

250

10.00

12.00

14.00

16.00

18.00

20.00

22.00

24.00

10.00

12.00

14.00

16.00

18.00

20.00

22.00

24.00

+6.9 ppt/yr 

42% increase since 2001 

 

 

 

+0.55 ppt/yr 

39% increase since 2001 

 

 

 

 

+0.87 ppt/yr 

56% increase since 2001 

 

 

  

 



Other greenhouse gases at Zeppelin Observatory 
Halocarbons 

HFC-125  
Lifetime: 28.2 years  

GWP is 3170 

 

HFC-134a 
Lifetime: 13.4 years  

GWP is 1300 

 

HFC-152a: 
Lifetime: 1.5 years  

GWP is 138 
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Recent observations 
Global mean for the main gases 

http://www.esrl.noaa.gov/gmd/aggi/  

http://www.esrl.noaa.gov/gmd/aggi/


So far not looking good…  
Some other aspects to think of. 



What about the relationship 2oC and 400 ppm ? 

Scientific studies on the risk of reaching 2 degree warming, under various 
assumption -> Based on many assumptions and factors 

The concept of CO2 eq:  
• Metric converting the forcing from other gases to CO2 equivalent forcing.  

• Today's atmosphere: other GHG corresponds to ca ca 80 ppm CO2  

• For future predictions, assumptions about emissions relevant 

 

What is the temperature response to increase in CO2? 

• climate sensitivity: the equilibrium global mean surface temperature change following 
a doubling of atmospheric CO2 concentration  

Various approaches to assess this 

I. Detailed knowledge of aerosols and other component over time, since 1750 

II. Temperature change and the driving forcing in paleoclimate perspectives 

III. Understanding of feedback processes in climate models 

 

Timing of emissions 

•  not only total emission but also distribution of emission strength over years 

 



Two degree target possible with reasonable 
probablity? 

 

Source: 

IPCC WGII, section 19.4.2 (citing Hare and Meinshausen 2005). 



When will the level reach 400 ppm? 
Zeppelin: 2 ppm yr-1 (2006-2011) 

Global: 1.9 ppm yr-1 (2009-2011) 
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Many models, particularly those with low climate sensitivity, 

fail to adequately resolve these teleconnections and hence 

are identifiably biased.  

“.... implies a warming of 2.2–4.8K per doubling of atmospheric 

CO2, which agrees with IPCC estimates.” 

Otto et al., 2013 

The most likely value of equilibrium climate 

sensitivity based on the energy budget of the most 
recent decade is 2.0 °C, with a 5–95% confidence 

interval of 1.2–3.9 °C (dark red, Fig. 1a), 

compared with the 1970–2009 estimate of 1.9 °C 

(0.9–5.0 °C; grey, Fig. 1a).  

Climate sensitivity – Temperature change for a 

doubling of CO2 when the Earth has reach 

equilibrium    
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How was this result derived from ?  
Long term record (50 years) 

High precision measurements 

Adequate station density (ICOS 
network)   


