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Article 2 UNFCCC

“The ultimate objective of this Convention .. is to 
achieve...stabilization of greenhouse gas 
concentrations in the atmosphere at a level that 
would prevent dangerous anthropogenic 
interference with the climate system.  Such a 
level should be achieved within a time frame 
sufficient to allow ecosystems to adapt 
naturally to climate change, to ensure that 
food production is not threatened and to 
enable economic development to proceed in a 
sustainable manner.”



Relationship between GMT 
and impacts

• Ecosystems
• Food Production
• Water
• Socioeconomic aggregates



Assessing Impacts vs 
Temperature

• Analysis of literature included in the TAR 
and into 2004
– Peer reviewed literature 
– Analysed for robustness 
– Effects placed on a common temperature 

scale of global mean increase wrt 1861-1890
• Comparison with other assessments



Risk Scale

• Ecosystems and species effects mapped 
onto five categories of risk: 
– < 5% reduction in area (or other appropriate 

indicator) -not significant
– 5-10% reduction -small risk
– 10-20% loss - moderate
– 20-50% loss - large
– 50% loss of area or population - severe



Ecosystems I



Ecosystems II



Species I

Source: Hare, W. L. (2003). Assessment of Knowledge on Impacts of Climate Change – Contribution to the 
Specification of Art. 2 of the UNFCCC. http://www.wbgu.de/wbgu_sn2003_ex01.pdf.



Species II

Source: Hare, W. L. (2003). Assessment of Knowledge on Impacts of Climate Change – Contribution to the 
Specification of Art. 2 of the UNFCCC. http://www.wbgu.de/wbgu_sn2003_ex01.pdf.



Coastal Wetlands

Source: Hare, W. L. (2003). Assessment of Knowledge on Impacts of Climate Change – Contribution to the 
Specification of Art. 2 of the UNFCCC. http://www.wbgu.de/wbgu_sn2003_ex01.pdf.



…and increasing 
further from there

2.7-5.1 mSum

Estimate based on 
WAIS decay over 900-
1800 years

1-2 mAntarctica

Lower: TAR    Upper: 
doubled

0.9-1.8 mGreenland

TAR, assumed 80% 
loss of total

0.4 mGlaciers

TAR, not fully 
considering THC

0.4-0.9 mThermal 
expansion

Assuming stabilisation at 3 ºC warming
This is 2xCO2-equivalent, i.e. ~ 450 ppm CO2

Sea Level Rise Until 2300



Ecosystems and Article 2
• Analysis indicates that many ecosystems 

vulnerable to substantial damage at or above 
1.5-2.0oC warming range.

• Other analyses tend to confirm this:
European Climate Forum Symposium Beijing China

1.5-2.0°C warming above pre-industrial 
- Australian ecosystems - parts of the Great Barrier Reef, the 

Alpine region of south eastern Australia and endemic fauna 
and flora in the wet tropics of North East Queensland

- http://www.european-climate-
forum.net/pdf/ECF_beijing_results.pdf

Leemans and Eickhout (2004)
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Millions at Risk (Parry et al., 2001)



Food Production <2oC

At all levels of warming, a large group of 
poor, highly vulnerable developing 
countries are expected to suffer.
1oC Small damages   

Nearly all developed countries 
benefit and many developing 
countries in the tropics experience 
small significant crop decline.

1oC -> 2oC risks begin to rise rapidly



Food Production 2-3oC

2oC increasing risk, with the risk increasing from the 2050s to 
the 2080s.  

4-5 fold risk increase from the 2050s to the 2080s (for the 
same temperature).  
Many developed countries may still be gaining, although 
warning  that this may not be robust for all regions or even 
in aggregate terms.  
Agricultural production in developed countries  finely 
balanced  between the effects of increased temperature and 
changes in precipitation.  

2.5oC warming by the 2080s, the Parry et al. (1999) analysis 
indicates 45-55 million extra people at risk of hunger, with the 
number at risk rising very rapidly with temperature.

Hare, W. L. (2003). Assessment of Knowledge on Impacts of ClimatHare, W. L. (2003). Assessment of Knowledge on Impacts of Climate Change e Change –– Contribution to the Specification of Contribution to the Specification of 
Art. 2 of the UNFCCC.   http://www.wbgu.de/wbgu_sn2003_ex01.pdf.Art. 2 of the UNFCCC.   http://www.wbgu.de/wbgu_sn2003_ex01.pdf.



European Climate Forum 
Symposium, Beijing China -Food

2-2.5°C above pre-industrial 
- Significant regional risks to food 

production, with varying degrees of 
severity - South Asia, southern Africa and 
parts of Russia.

Above 2-2.5°C above pre-industrial 
- Risks grow in China, Africa, South Asia 

and Russia
- Risks in China severe if CO2 fertilization 

of crops is low but small to modest if CO2
fertilization is high.  

See www.european-climate-forum.net



Water shortage

Ca.1oC  Significant additional risk 2020s - 2050s. 
For the 2020s, most of the current GCMs imply a level of risk 

of additional number of people in water shortage regions in 
the range 400-800 million for around a 1oC warming[1].

1.5oC   Substantial levels of risk in  different time 
periods

Peak in the 2050s at over 1,500 million declining to around 500 
million in the 2080s.

1.5-2.5oC Non-linear risk threshold may exist. 
Numbers at risk rising from close to 600 million to between 

2.4-3.1 billion.  Megacities in India and China.  

>2oC High additional risk at all time periods



Socioeconomic impacts

IPCC TAR WGII Chapter 19, 
Figure 19-4

Aggregate global monetary damage 
functions as a percentage of world GDP

No clear consensus at 
the global level between 
different estimates

- in some estimates 
large benefits to 
agriculture in Russia 
prevent global losses at 
2oC



Economic Damages

• Regional picture is clearer than global aggregates

• 1oC Significant number of developing countries 
likely to experience net losses

– Most developed countries likely to experience mix of damages 
and benefits, with net benefits predicted by a number of models.

• 2oC Net adverse effects projected for developing 
countries.

– Regional damages  particularly in Africa exceed several 
percentage points of GDP. 

• > 2oC Likelihood of net damages globally increases 

• Africa consistently has high projected damages.



Loss of human cultures.

Destruction of the traditional Inuit hunting culture 
is likely if warming continues. Substantial 
difficulties already being reported. 
Ecological effects on hunting include general retreat 
of sea ice and adverse changes in its timing and 
character

Loss of summer sea ice is projected for a global mean 
warming of roughly 2.5°C above pre-industrial levels
Polar bears, walruses, some marine birds and certain 
types of seals pushed towards extinction



The Good News



… and a message for the 
economists


