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• Climate, climate change, and the ocean. 

 
• Observations: What has changed and why? 

 
• Climate models:  

– What are they?  
– Are they any good?  
– How do we know?  
– What do we use them for? 

 
• Some results 

– Future projections 
– Scientific basis for mitigation and adaptation 

 

• Intergovernmental Panel on Climate Change  
– upcoming assessment and special reports 

 
 

Outline 



http://worldoceanreview.com/en/files/2010/10/k1_kompo_klimasystem_e_en.jpg 

http://oceanleadership.org/wp-

content/uploads/2013/07/earth-from-space-climate.jpg 

The ocean is a key component of the 

climate system – intimately involved in 

global heat, water and carbon cycles. 
 

It also introduces long time scales … 

The Ocean and the Climate System 



https://pmm.nasa.gov/education/sites/default/files/article_images/components2.gif 

As the Earth’s energy balance is altered 

by changing greenhouse gas 

concentrations, the ocean absorbs much 

of the excess energy – this has many 

implications, including sea-level rise. 

IPCC AR5, Synthesis Report, Fig. 1.2 

Ocean warming accounts for more 

than 90% of the energy 

accumulated by the climate system 

between 1971 and 2010. 

Net imbalance ~0.6 W/m2 



0-700m Temperature Trend 
oC per decade, 1971-2010 

As energy is absorbed, the ocean 

warms, causing expansion and 

hence sea-level  to rise. 

Melting of glaciers and ice 

sheets adds water volume 

and so also contributes to 

sea-level rise. 

IPCC AR5 WG-I Fig. 3.1 

http://www.weather-wherever.co.uk/antarctica/ 



http://www.esrl.noaa.gov/gmd/outreach/isotopes/images/carbon_cycle.jpg 

Cumulative  fossil fuel and 

land-use CO2 emission is 

about 550 GtC, of which 

the ocean has taken up 

about 150 GtC (about the 

same amount has been taken 

up by the terrestrial 

ecosystem).  

 

This has decreased ocean 

pH by about 0.1. 

The Carbon Cycle 



http://earth.columbia.edu/news/2005/images/conveyor_belt.gif 

http://www.whoi.edu/page.do?pid=107836&tid=441&cid=234295&ct=61&article=142549 

Ocean ‘conveyor belt’ circulation 

Ocean water age at 2500m depth (years since last surface contact) 

Slow, deep ocean circulation takes 

warm, carbon-dioxide-enhanced 

water to depth where it can remain 

for centuries. This slows the 

climate system response and 

builds in long time scale 

‘commitments’ to future change. 



Climate Change: What’s Happening and Why 

IPCC AR5, WG1, Fig. FAQ2.1-1 



  
• “Variability” is a core attribute of the climate system. 

 
• Weather changes from hour to hour, day to day, week 

to week … 
 

• But ‘weather’ is superimposed on an underlying 
climate – the averages and statistics characteristic of 
a particular place and time. 
 

• Many aspects of climate are changing in a consistent 
way. 
 

 



IPCC AR5, WG1, Fig. TS.1 



IPCC AR5, WGI, Fig. 6.11 

* GHG are the largest contributor to observed  climate change. 

Greenhouse gases over the last 2000 years 



• The observed changes in greenhouse gases are a largely a 

consequence of human activities (‘anthropogenic emissions’) 

 

• The addition of greenhouse gases to the atmosphere changes the 

radiative balance of the planet via well-understood physics  

IPCC AR5, Synthesis Report, Fig. SPM-1 



Complex, physically-based computer simulations – global Atmosphere, Ocean, 
Land Surface, Sea Ice are represented. 
 
‘Earth System Models’ include biogeochemical processes (e.g. terrestrial and 
oceanic ecosystem, carbon and sulphur cycles). 

Climate Models:  
Tools for understanding and predicting 

The Canadian Earth System Model, 

CanESM, is an example … 



• Climate models simulate all the internal workings of the climate 

system at a spatial resolution of 100-200 km and at time steps of 15-

20 minutes. 

 

• They are entirely ‘self-contained’ -- all we specify is the time-

evolving external forcing: 

• concentration of greenhouse gases 

• land-use  

• volcanic aerosol 

• solar irradiance 

 

• Forcing can be observed historical values or projected future values 

Prescribed 

Forcing 

 

Climate 

Model 
Simulated 

climate 



Over the historical period, we can evaluate climate models by asking 

‘how well did the model reproduce the observed climate’? 

IPCC AR5, Synthesis Report, Fig. SPM-1 

IPCC AR5, WG-I, Ch.9, Fig. 9.8 



Surface Air Temperature: 

Source: Figure 9.2 and 9.4, IPCC AR5. 

Precipitation: 



Cloud effects … 

Source: Figure 9.5, IPCC AR5. 



We can also ask, ‘what if there had been no anthropogenic forcing’?… 

IPCC AR5, WG-I, SPM ,Fig. SPM.6 

Or, we can use models to explore how components of the climate system 

interact, why the climate varies the way it does, etc. … 



Climate Model Projections 

We can use the same global climate models to make projections 

of future climate, but of course we need future forcing … 

 

… and this involves input from the field of socio-economic 

modelling. 



van Vuuren et al., Climatic Change, 2011 

Four “Representative Concentration 

Pathways” (RCPs) span the range 

from rapid decarbonisation 

(RCP2.6) to rather modest 

mitigation effort (RCP8.5). 

 

Each makes different assumptions 

about population, economic 

development, regulation, 

technology implementation, etc. 

Climate model 



Source: IPCC AR5 

Global mean surface air temperature 



Global sea level will rise at accelerated rates over the coming century 

Likely ranges over 

2081-2100 for the 

four climate change 

scenarios 

IPCC WGI, Figure SPM.9 

Upper limit of 

likely range by 

2100 from model 

projections 
Note that even for low 

stabilization scenario, 

sea level continues to 

rise (because ocean 

continues to warm, and 

ice continues to melt) 



It is very likely that Arctic sea ice cover will continue to shrink 

IPCC WG-I, Figure SPM.7. 



• Because Earth System Models include the terrestrial and 

ocean ecosystems and biogeochemistry, we can compute 

‘compatible emissions’ – anthropogenic emissions consistent 

with the prescribed RCP concentration pathways. 

 

• What we find is that the ultimate temperature increase is 

directly related to the cumulative total carbon emitted. 

 

• So, there is a total amount – a budget – that can be emitted if 

temperature rise is to be limited to a certain level. 

 

• This provides very clear scientific input to climate policy 

discussions. 

The Carbon Budget 



 IPCC AR5, WGI, Summary for Policymakers, Fig. SPM-10. 



This is because of the long lifetime of CO2 in the atmosphere, and 

compensation between heat and carbon uptake in the ocean … 

Gillett et al., Nature Geosci., 2011. 



~1500 Gt carbon 

2.0-3.7oC 

 

~2100 Gt carbon 

3.2-5.4oC 

 

~1250 Gt carbon 

1.7-3.2oC 

 
~800 Gt carbon 

0.9-2.3oC 

 

Likely range of global temperature increase, 2081-2100 vs. 1850-1900 (IPCC 

AR5, table SPM2) and cumulative emission total from Fig SPM-10 

IPCC AR5, WGI, Figure 6.25 

The sooner emission reductions occur, the lower will be 

cumulative emissions, and so the less warming will occur. 
Note: 2014 cumulative emissions = 545 Gt. 



Ocean Acidification 

 IPCC AR5, WGI, Fig. 6.28 



http://www.scientificamerican.com/article/antarctica-s-ice-shelves-thin-threaten-significant-sea-level-rise/ 

Antarctic and Greenland Ice Sheets … 

 How large might their contribution be to future sea-level rise? 



The IPCC was created by the UN’s 

World Meteorological Organization and 

the UN Environment Program in order 

to provide objective assessment and 

synthesis of the scientific literature on 

climate change. 

 

The IPCC reports provide the 

authoritative scientific underpinning for 

national and international climate 

policy. 

28 

Intergovernmental Panel on Climate Change (IPCC) 



Many of the figures I 

showed in this talk were 

based on the IPCC 

Working Group I report 

completed in 2013 – the 

IPCC 5th Assessment. 

 

The IPCC has now started 

the 6th Assessment Cycle 

which will include a series 

of Special Reports, along 

with the main Assessment 

Reports. 



The Conference of the Parties (CoP):  

 

“21. Invites the Intergovernmental Panel on Climate Change to provide a special report in 

2018 on the impacts of climate warming of 1.5 ºC above pre-industrial levels and related 

global greenhouse gas emissions pathways” 

UNFCCC Paris Agreement 

(2019) 



Summary   
 

• The ocean plays a central role in the global climate system, taking 
up heat, water and carbon as the climate warms. 
 

• Computationally intensive global Earth System Models represent the 
three-dimensional atmosphere, land and ocean components – 
physical and biogeochemical aspects. 
 

• These models provide scientific insight into how the climate system 
operates, and provide quantitative projections of future change. 
 

• The moderating effect of the ocean slows climate change, but also 
introduces long time scales and long-term commitment to future 
change.  
 

• A consequence is the direct link between cumulative carbon 
emissions and temperature increase, and hence the notion of a 
‘carbon budget’ to keep temperature below a given value. 
 
 
 



extras 



Source: Figure 9.24, IPCC AR5. 

Simulation of Arctic summer sea-ice extent … 



Carbon and climate feedbacks 

 IPCC AR5, WGI, Figs. 6.20 and 6.22 



Or, we can ask, ‘how does the climate system respond to particular 

changes’?… 

Kang et al., Science, 2011 

Precipitation change due to Ozone hole over Antarctica 


