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OComparison of observed and simulated climate change
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Figure SPM.6 | Comparison of observed and simulated climate change based on three large-scale indicators in the atmosphere, the cryosphere and the ocean: change in continental land surface air temperatures (yellow panels), Arctic and Antarctic September sea ice extent (white panels), and upper ocean heat content in the major ocean basins (blue panels). Global average changes are also given. Anomalies are given relative to 1880–1919 for surface temperatures, 1960–1980 for ocean heat content and 1979–1999 for sea ice. All time-series are decadal averages, plotted at the centre of the decade. For temperature panels, observations are dashed lines if the spatial coverage of areas being examined is below 50%. For ocean heat content and sea ice panels the solid line is where the coverage of data is good and higher in quality, and the dashed line is where the data coverage is only adequate, and thus, uncertainty is larger. Model results shown are Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model ensemble ranges, with shaded bands indicating the 5 to 95% confidence intervals. For further technical details, including region definitions see the Technical Summary Supplementary Material. {Figure 10.21; Figure TS.12} 



Observed Impacts Due to Climate Change





 We can and must act boldly now to reduce 
greenhouse gas emissions to keep the 
political goal of 1.5–2oC goal within reach, 

 avoid increased costs of mitigation and 
adaptation and technological lock-in,

 provide universal access to modern energy, 
and

 realize multiple health and development co-
benefits.

The scale of the challenge is beyond 
anything we have yet considered.

Presenter Notes
Presentation Notes
To achieve its ambitious research vision, IIASA would have to break down the barriers between nations and disciplines. This it did, building international multidisciplinary teams to confront innumerable global challenges, both long-standing and emerging.   For example, a study on water pollution carried out in the 1980s by a team of IIASA chemists, biologists, and economists still forms the basis of modern water policy design in Japan, USA, and the former USSR. 
IIASA is also independent of any government, having progressed during the cold war with two major funders – USA and USSR- highly suspicious of one another, IIASA has the structure and process to ensure its independence. Something that I was sad to read about with Prof Nutt and the classification of cannabis. 



Elements of the 2015 Paris Agreement
Article 2:   Limit the global temperature increase to below 2 degrees C, and  pursue 
efforts to limit the temperature increase to 1.5 degrees C above pre-industrial 
levels.

Article 4:  Global emissions of greenhouse gases should peak as soon as possible, 
and anthropogenic emissions by sources and removal by sinks should balance by 
the second half of this century

Article 4.2: Each Party must prepare Nationally Determined Contributions (NDCs)

Article 7:  A recognition that there is a significant need for adaptation

Article 9: Developed countries will provide financial resources to assist developing 
countries with respect to mitigation and adaptation, with a floor of US$100B per 
year

Articles 4.9/14:  A global stock take will take place every 5 years, starting in 2023



CO2 Concentrations
     At Mauna Loa Observatory

Source: NOAA, 2013 and IPCC WGI, 2013



Current global emissions are 
following the IPCC high scenario

Friedlingstein 
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Figure SPM.8a,b
Maps of CMIP5 multi-model mean results

All Figures © IPCC 2013
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Figure SPM.8, Panels a and b

Complete caption of Figure SPM.8:
Figure SPM.8 | Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of (a) annual mean surface temperature change, (b) average percent change in annual mean precipitation, (c) Northern Hemisphere September sea ice extent, and (d) change in ocean surface pH. Changes in panels (a), (b) and (d) are shown relative to 1986–2005. The number of CMIP5 models used to calculate the multi-model mean is indicated in the upper right corner of each panel. For panels (a) and (b), hatching indicates regions where the multi-model mean is small compared to natural internal variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi-model mean is large compared to natural internal variability (i.e., greater than two standard deviations of natural internal variability in 20-year means) and where at least 90% of models agree on the sign of change (see Box 12.1). In panel (c), the lines are the modelled means for 1986−2005; the filled areas are for the end of the century. The CMIP5 multi-model mean is given in white colour, the projected mean sea ice extent of a subset of models (number of models given in brackets) that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For further technical details see the Technical Summary Supplementary Material. {Figures 6.28, 12.11, 12.22, and 12.29; Figures TS.15, TS.16, TS.17, and TS.20} 
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2020: 
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2030: 
~42 GtCO2e

2010:
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global 

warming by 
2100
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1850-1900)

Staying within the 2oC target 

Credit: UNEP, 2015  https://www.dropbox.com/sh/vk018yr6h5xulnc/AAB-
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https://www.dropbox.com/sh/vk018yr6h5xulnc/AAB-ISJFv_Xv7BFF4uBKIUVWa?dl=0
https://www.dropbox.com/sh/vk018yr6h5xulnc/AAB-ISJFv_Xv7BFF4uBKIUVWa?dl=0
https://www.dropbox.com/sh/vk018yr6h5xulnc/AAB-ISJFv_Xv7BFF4uBKIUVWa?dl=0

GHG emissions

(GtCO2e/yr)







120











100









Baseline

80











60











40









2°C

20	(> 66% chance)









0



1990	2000	2010	2020	2030	2040	2050	2100


+ 7°C









+ 6°C









+ 5°C









+ 4°C









+ 3°C









+ 2°C









+ 1°C









+/- 0

image1.png









2°C pathways
Global total emissions: 

42 GtCO2e (range: 31-44)

Baseline
Global total emissions: 

65 GtCO2e (range: 60-70)

Current policy trajectory
Global total emissions: 

60 GtCO2e (range: 58-62)

Unconditional INDC case
Global total emissions: 

56 GtCO2e (range: 54-59)

Conditional INDC case
Global total emissions: 

54 GtCO2e (range: 52-57)
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Gap= 14 GtCO2e

The Gap

Conditional INDC case
Gap= 12 GtCO2e

The INDCs present a real 
increase in the ambition level 
compared to a projection of 
current policies.

The emissions gap in both 2025 
and 2030 will be very significant 
and ambitions will need to be 
enhanced urgently.

INDC contributions and 
the emissions gap

Presenter Notes
Presentation Notes
Full implementation of unconditional INDCs results in emission level estimates in 2030 that are most consistent with scenarios that limit global average temperature increase to below 3.5 °C (range: 3 - 4 °C) by 2100 with a greater than 66 % chance

Full implementation of conditional INDCs results in emission level estimates most consistent with scenarios that limit temperature increase to <3-3.5 °C by 2100
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Global CO2 Emissions



GHG emissions accelerate despite reduction efforts. Most emission growth is CO2 
from fossil fuel combustion and industrial processes.
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Cumulative Emissions & Temperature

Source: IPCC WGI, 2013
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But first, a reminder… about technology



An Example of a possible transformational 
technology



Supply Technologies Cost Trends

Source: Grubler et al, 2012



Source: REN 21, 2014

Annual Investments in Renwables



Estimates for mitigation costs vary widely

• Reaching 450ppm CO2eq entails consumption losses of 1.7% (1%-4%) by 
2030, 3.4% (2% to 6%) by 2050 and 4.8% (3%-11%) by 2100 relative to 
baseline (which grows between 300% to 900% over the course of the 
century).

• This is equivalent to a reduction in consumption growth over the 21st 

century by about 0.06 (0.04-0.14) percentage points a year (relative to 
annualized consumption growth that is between 1.6% and 3% per year).

• Cost estimates exlude benefits of mitigation (reduced impacts from climate 
change). They also exclude other benefits (e.g. improvements for local air 
quality).

• Cost estimates are based on a series of assumptions.



IPCC AR5 Synthesis Report

Limiting Temperature Increase to 2˚C

Measures exist to achieve the substantial emission reductions required to limit 
likely warming to 2°C (40-70% reduction in GHGs globally by 2050 and near 
zero or below  emissions levels in 2100)

A combination of adaptation and substantial, sustained reductions in 
greenhouse gas emissions can limit climate change risks

Implementing reductions in greenhouse gas emissions poses substantial 
technological, economic, social, and institutional challenges

Ambitious mitigation is affordable and translates into delayed but not foregone 
growth (economic growth reduced by ~ 0.06% / BAU growth 1.6-3%). Estimated 
costs do not account for the benefits of reduced climate change

AR5 WGI SPM, AR5 WGII SPM,AR5 WGIII SPM

But delaying mitigation will substantially increase the challenges associated 
with limiting warming to 2°C
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Climate Change and Equity

• Issues of equity, justice, and fairness arise with respect to mitigation 
and adaptation:

• Different past and future contributions to the accumulation of GHGs in 
the atmosphere

• Varying challenges and circumstances

• Different capacities to address mitigation and adaptation.

• Options for equitable burden-sharing can reduce the potential for the 
costs of climate action to constrain development.



Conclusions
• We can and must act boldly to reduce GHG emissions to keep the agreed 1.5 

– 2 degree C goal within reach
• The scale of the challenge is beyond anything we have yet considered
• Success is only achievable if we tackle the technological, instritutional, 

financial and political inertia now.  Our current pathway will not achieve the 
deep decarbonization we need

• There is major cost-effective potential to rapidly increase efficency in all 
sectors with existing commercially available technologies and use of best 
practices, given appropriate policy support

• There is significant scope for early deployment at scale of renewable energy 
technologies, if supported with policies (affordable capital, feed-in tariffs, 
elimination of fossil fuel subsidies) and increased financing 

• An effective price on carbon (to reflect the costs of emissions) would send 
the right price signal to drive investments in clean technologies

• A systems-wide transformation towards a low-carbon  economy requires 
policies to catalyze societal behavioural changes  

• No more coal-fired power plants should be built without Carbon Capture 
and Storage
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