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A changing global climate

Source: IPCC WGI 2013
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A slowing down?

Source: Met Office and NOAA



Climate impacts

Source: IPCC WGII 2014

Sea Level Rise

• 1.7 ± 0.2 mm yr–1 (1901 to 2010)

• 3.2 ± 0.4 mm yr–1 (1993 to 2010)

Source: IPCC WGI 2013



IPCC: 1990 to 2014



Future Scenarios
Emissions are on track for 3.2–5.4ºC “likely” increase in temperature above pre-industrial

Large and sustained mitigation is required to keep below 2ºC

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014

Data: CDIAC/GCP/IPCC/Fuss et al 2014

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


Fossil fuel emissions
• Global CO2 emissions from fossil fuel burning decreased by 

1.3% in 2009 

• Emissions increased by more than 3% in 2010, approaching 

the high growth rates of 2000 to 2008

• Growth in emissions closely follows growth in GDP

2009

USA −6.9%

UK −8.6%

Germany −7%

Japan −11.8%

Russia −8.4%

China +8%

India +6.2%

South Korea +1.4%

Source: Friedlinstein et al 2010, Peters et al 2012, Le Quéré et al 2014
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Global financial crisis

Asian financial crisis

Collapse of FSU

Oil crisis

US savings and 

loan crisis



Action: reducing emissions

Examples of global emission pathways where cumulative CO2 emissions equal 

750 Gt during the time period 2010-2050 (1 Gt C = 3.67 Gt CO2). At this level, 

there is a 67% probability of limiting global warming to a maximum of 2°C.

• Energy (61.3%)

• Land use (18.2%)

• Industrial 

processes (3.4%)

• Agriculture (13.5%)

• Waste (3.6%)

Source

Demand

Supply &

Demand



Progress?
UK’s Global Emissions

Source: Barrett, J. http://www.emissions.leeds.ac.uk/

Health and Social Care 

England Carbon Footprint



Progress?

Per capita GDP

Population



Can we do it?
• Global CO2 emissions continue to grow rapidly (+3% p.a.)

• 2 ºC requires an early peak and sustained reductions

• Need to target both supply and demand

• Technology and economic feasibility will be increased by

• Early and broadly based international mitigation action

• Limiting growth in energy demand through behavioural change 

and efficiency

• Utilising a portfolio of technologies with R&D in key areas, e.g. 

CCS, vehicles, advanced fuels, storage

• Availability of affordable negative emissions technologies

• Action on non-CO2 greenhouse gases such as nitrous oxide

• Current pledges to reduce emissions from 146 countries (COP21), 

if implemented in full would limit the forecast temperature rise to 

between 2.7 to 3.7 degrees ºC And if we can’t?



Learning to live with it

Source: DEFRA

UKCP09

Climate Change

Risk Assessment



National Adaptation Programme

• Resilience

• Accommodation

• Win-win 

• Evidence



Adaptation Sub Committee

There are low-regret opportunities to make the 

natural capital of this country more resilient to 

climate change….. early priorities for adaptation, 

which can yield immediate effects, include:

• Increasing the efficiency of water use in 

agriculture and on-farm water storage

• Managing agricultural soils sustainably

• Improving the condition and increasing the 

size of wildlife habitats

• Restoring carbon-rich peat soils in the 

uplands

• Realigning some flood defences on the coast 

to create space for habitats that provide 

natural defences to migrate inland



• We are aiming for 4°C and planning for 2 °C

• Adaptation is currently generally viewed as the means of continuing what we 
are doing

• Concerned with climate proofing existing practices in which the objectives 
remain unchanged

• The need for transformational as opposed to continuous change is largely 
unaddressed

• There is a real danger of maladaptation 

– What is appropriate for a 2 °C may be inappropriate (and costly) for a 4 °C world

– Incremental adaptation may prevent more transformative measures

Aim for 2°C and plan for 4 °C

What are we adapting to?



What will it be like in Norfolk?

• Mean summer temperatures in East Anglia rising by up to 5°C within the 21st 

Century (UKCP09), with the region’s climate becoming more seasonally 

variable. 

• Winter rainfall could increase by up to 30% and summer rainfall decrease by 

up to 50%, leading to an overall decrease in annual precipitation (UKCIP02). 

Extreme weather events (floods, droughts, storms & heat waves) are likely to 

become more frequent. 

• Sea levels will continue to rise, with maximum estimates relative to 1980-99 

varying from 68cm (UKCP09) to more than 80cm (UKCIP02). 

• Coastal sea surface temperatures could be over 4°C warmer (UKCP09).

Implications of climate change for the 

Norfolk Coast Area of Outstanding 

Natural Beauty
Project report by Mike Harley, Climate Resilience Limited



Jenkins, G. J., Murphy, J. M., Sexton, D. M. H., Lowe, J. A., Jones, P. and Kilsby, C. G. (2009). 

UK Climate Projections: Briefing report. Met Office Hadley Centre, Exeter, UK.

Changing temperature to 2080



Jenkins, G. J., Murphy, J. M., Sexton, D. M. H., Lowe, J. A., Jones, P. and Kilsby, C. G. (2009). 

UK Climate Projections: Briefing report. Met Office Hadley Centre, Exeter, UK.

Figure 17: 

Comparison of 

changes in seasonal 

mean precipitation, 

winter (top) and 

summer (bottom), by 

the 2080s under High 

Emissions scenarios, 

from the UKCIP02 

report (far left panels) 

and as projected in 

UKCP09 (10, 50 and 

90% probability level).

Changing precipitation to 2080



Dry spells: current climate

Dry spells: future climate

Wet year           Typical year           Dry year

UKCP09 climate projections

Projected changes: spells of dry weather 



Sea level rise



• Temperature: All UK regions are expected to warm – more so in summer than in winter. 
Changes in average summer temperatures are expected to be greatest in parts of Southern 
England and least in the Scottish Islands. 

• Rainfall: Little change in overall average rainfall but significant seasonal and regional 
variation. A risk of lower summer rainfall in future decades, particularly in Southern England, 
and a trend towards higher winter rainfall, particularly in the west of Britain. Whilst summer 
rainfall may decline on average, rainstorms may become heavier when they do occur. 

• Sea level: This will continue to rise around the UK, probably at a faster rate than observed in 
the last century. This will lead to higher peak sea levels during extreme weather events. 

• Humidity: Relative humidity may decrease by up to 5-10% during summer, with the greatest 
reductions in Southern England and smaller reductions further north. In winter, changes 
could amount to a few percent or less, across the UK. 

• Solar radiation: This may increase on average, with the greatest increase expected in 
Southern England. 

• Fog: The annual number of ‘fog days’ is expected to fall by 20-50% with the largest 
decreases in Northern Britain and North Wales. During winter, there may be an increase of 
5-20% in the number of fog days across Southern Britain and the Midlands. 

• Wind: Changes to atmospheric circulation may shift storm tracks (i.e. severe winds 
associated with low-pressure systems) north or south, although changes in wind speeds are 
uncertain. 

The general trends



Cool, wet

Warm, dryCool, dry

Warm, wet

All years since 1951 (except winter 1962-3, off the graph)

Observed variations in seasonal rainfall and 
temperature in lowland England

Source: Tim Osborn UEA



All years since 1951 (except winter 1962-3, off the graph)

Observed variations in seasonal rainfall and 
temperature in lowland England

Cool, wet

Cool, dry

Warm, wet

Source: Tim Osborn UEA



All years since 1951 (except winter 1962-3, off the graph)

UKCP projections for 2050

Cool, wet

Warm, dryCool, dry

Warm, wet

Summer

Winter

Source: Tim Osborn UEA



All years since 1951  Years since 2000

Observed variations in summer cloud and 
temperature in lowland England

Cool, cloudy

Source: Tim Osborn UEA



• Rainfall change
• Warmer temperatures (extreme temperatures during grainfill)
• CO2 “fertilisation” (wheat better than maize)
• Ozone & nitrogen stress

Figure 3 from Rosenzweig et al. (2014) Assessing agricultural risks of climate change… PNAS

Projected

wheat yield

change

Future impacts: agriculture



Erosion risk

Source: Dawson et al 2009 . Climatic Change, 95, 249-288.

Damage Costs (£ million per annum)

High sea-level rise and varying shoreline 

management options on the cliff coast

Flood risk

2000                    2050                       2100
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Managing risk: flooding

100% protection 

of cliffs

0% protection 

of cliffs



A plan for when it gets worse



After Tompkins et al 2005

Share best practice

Regulate

management

Raise public 

awareness through 

education

Clarify responsibilities at 

local and national levels

Improve monitoring 

and evidence base

Plan for the longer 

term within risk 

framework
Join up thinking: integrated 

management

Incentivise management to 

reduce the risk

Enabling adaptation



Summary

Climate change and impacts

Mitigation

Adaptation



• Continued variability of our weather

• It’s not all about climate change

• Nevertheless, climate change will gradually shift the 
average weather

• Plan for a range of possibilities because we are uncertain 
about the details of change

• Relatively large changes in the chance of extreme 
weather events

• This can be exacerbated if our weather becomes more 
variable, as some climate models predict

Summary: What to expect?


