
CLIMATE CHANGE

Robert T. Watson
Chief Scientific Advisor at Defra

Strategic Director of the Tyndall Centre, UEA

Winsor Castle

27 March, 2012 



a



CLIMATE CHANGE

●Climate change, loss of biodiversity and ecosystem degradation are 
environment, development and security issues, i.e., they undermine:

●food, water and human security
●the economy (loss of natural capital)
●poverty alleviation and the livelihoods of the poor
●human health
●personal, national and regional security

●Climate change, biodiversity loss, and ecosystem degradation are inter- 
and intra-generational equity issues:

●developing countries and poor people in developing countries are the 
most vulnerable

●the actions of today will affect future generations



Climate Change



Drivers of Climate Change

Climate Change

Greenhouse 
Gas 

Emissions

Economic Demo-
graphic

Socio-
political

Cultural &
religious

Science &
Technolog

y

Indirect drivers

Direct drivers



CLIMATE CHANGE

●The composition of the atmosphere, and the Earth’s climate 
has changed, mostly due to human activities (highly certain), and 
is projected to continue to change, globally and regionally:

●Increased greenhouse gases and aerosols
●Warmer temperatures 
●Changing precipitation patterns – spatially and temporally
●Higher sea levels – higher storm surges
●Retreating mountain glaciers
●Melting of the Greenland ice cap
●Reduced arctic sea ice
●More frequent extreme weather events

●heat waves, floods and droughts
●More intense cyclonic events, e,g., hurricanes in the Atlantic



Human emissions are significantly increasing the 
concentrations of CO2  and other trace gases

ppm=parts per million (by volume), or number of 
CO2 molecules in a million molecules of air

That the magnitude of the seasonal cycle has increased suggests that, even with a reduced amount 
of vegetation, the higher CO2 concentration is enhancing the seasonal growth of global vegetation

The 
concentration in 

2007 reached 
~383 ppm, about 
22% above the 

value of 315 ppm 
in 1957 when C. 
David Keeling 

began very 
careful 

measurements 

Source: NOAA 

The rate of rise 
(ppm/yr) is rising

1.3 ppm/yr

1.6 ppm/yr

1.5 ppm/yr

2/0 ppm/yr

2.2 ppm/yr
In 2007



Carbon Dioxide

Nitrous Oxide

Methane

Longer records of Carbon Dioxide (CO2), Methane (CH4), and Nitrous 
Oxide (N2O) concentrations all show sharp increases

Source: IPCC, 2001, 2007





Source: Hansen, 2008

Per capita emissions of fossil-fuel CO2 (as tC) by country:

●  The US leads Canada in per capita emissions in 2007
•  The US is slightly behind UK for 
     cumulative per capita emissions since 1751

To convert from tC to tCO2, multiply by 3.67



Per capita emissions are twice as high in North America as in 
Europe and about 5 times as high as in East Asia, even though 

total emissions in region are close
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Tonnes of CO2eq/cap

Source: IPCC, 2007



The most developed countries have the
 lowest greenhouse gas emissions per GDP dollar, with Europe 

being the least carbon intensive

Source: IPCC, 2007



Emissions from human activities alter the natural 
carbon cycle, increasing the amount of carbon in the 

air, the oceans, and the living biosphere

Source: EIA, Greenhouse Gas brochure

760

8.4

--updated

(increase of 4-5 GtC/yr)

2.6



The Earth’s natural Greenhouse Effect occurs because 
the atmosphere recycles most of the infrared (heat) energy that is 

emitted by the surface, providing energy that significantly 
augments incoming solar radiation



Radiatively active gases and aerosols are 
affecting the fluxes of visible and infrared 

radiation

Increased by 20% 
over 1995 - 2005

W m-2

Source: IPCC, 2007

Sulfate aerosols exert a 
direct and indirect (via 

clouds) cooling influence 
of about -1.2 Wm-2

Net positive forcing is 
currently about 1.6 Wm-2



RADIATIVE FORCING DUE TO GHG EMISSIONS ALONE FROM 1750 TO 
PRESENT (CO2 IS ABOUT 60%)
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COOLING BY AEROSOLS HAS BEEN REDUCING
THE WARMING INFLUENCE OF GHGS BY ABOUT ONE-THIRD—THE 

RATIO WILL BECOME SMALLER IN THE FUTURE
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Increased aerosol 
cooling, particularly 

from 1950-70, delayed 
the intensifying GHG 

warming influence 
until early 1970s

Direct 
aerosol 
cooling

Indirect 
aerosol 
cooling

Net GHG - aerosol forcing



THE CLIMATE IS WARMING



UNDERSTANDING AND ATTRIBUTING 
CLIMATE CHANGE



Surface Temperature



REGIONAL VARIATIONS  (2080, MEDIUM EMISSIONS)
Even central estimates of changes to average summer temperature are significant:
Maps show a gradient between parts of southern of England, where they can be 5ºC or more, 

and northern Scotland, where they can be somewhat less than 3ºC.  

Change 
relative to 
1961-1990 
average

Maps are of 
probability 
not 
‘forecasts’



PROJECTED UK SUMMER TEMPERATURES

observations
HadCM3 Medium-High (SRES 
A2)
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Precipitation



The central estimate of changes in 
annual mean precipitation are within a 
few percent of zero everywhere. 

In winter, precipitation increases are in 
the range +10% to +30% over the 
majority of the country. Increases are 
smaller than this in some parts of the 
country, generally on higher ground. 

In summer, there is a general south to 
north gradient, from decreases of almost 
40% in SW England to almost no 
change in Shetland. 

CHANGES TO ANNUAL, WINTER AND SUMMER MEAN PRECIPITATION 
(MEDIUM EMISSIONS, 2080S)

Change relative to 1961-1990 average
Maps are of probability not ‘forecasts’



PROJECTED IMPACTS OF HUMAN-
INDUCED CLIMATE CHANGE

●Decrease water availability and water quality in many arid- and 
semi-arid regions – increased risk of floods and droughts in many 
regions

●Decrease agricultural productivity for almost any warming in the 
tropics and sub-tropics and adverse impacts on fisheries

●Increase the incidence of vector- (e.g., malaria and dengue) and 
water-borne (e.g., cholera) diseases, heat stress mortality, 
threats nutrition in developing countries, increase in extreme 
weather event deaths

●Adversely effect ecological systems, especially coral reefs, and 
exacerbate the loss of biodiversity and critical ecosystem 
services



Biodiversity, Ecosystems and Ecosystem 
Services



Drivers of Biodiversity Loss
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Drivers of biodiversity loss growing



Air, land, water, and all living organisms 

ECOSYSTEMS: Places (e.g: Broad Habitats) where                                                                 
biological, chemical and physical interactions occur.  

In terrestrial habitats these include                                                               
above and below ground processes

ECOSYSTEM APPROACH

“the integrated management of land, water and                          
living resources that promotes conservation                                      

and sustainable use in an equitable way” 

               Convention on Biological Diversity

Building on the Millennium Ecosystem Assessment

ECOSYSTEM SERVICES
The benefits people get from ecosystems

Supporting services
Necessary for the delivery of other ecosystem services

Soil formation, Nutrient cycling, Water cycling, Primary production 

Provisioning 
services

Crops, Livestock, 
Game, Fisheries, 

Water supply, Wild 
species diversity 

(genetic resources)     

Regulating 
services

Climate, Hazards, 
Detoxification & 

Purification, 
Disease/pest control 

Pollination

Cultural 
services

Aesthetic, Spiritual, 
Inspirational, 
Educational, 

Recreation, Tourism 
Wild species diversity





Food Security
Current and Future Challenges



The food system is failing on sustainability...

●Agriculture consumes 70% of 
total global water withdrawals 
from rivers and aquifers 

● Agriculture directly contributes 
10-12% of GHG emissions

●Extensification - loss of 
biodiversity and ecosystem 
degradation

●Eutrophication and 
acidification - degradation of 
aquatic and terrestrial 
ecosystems



….and failing to end hunger 

Undernourishment data versus the MDG target 

Source: Oxfam (2010) Data cited from FAO Hunger Statistics (from 1969 to 2006); UN (2009)

2007-08 
Food price 
spike
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FUTURE CHALLENGES 

● The demand for food will double within the next 25-50 years, 
primarily in developing countries, and the type and nutritional 
quality of food demanded will change

● We need sustained growth in the agricultural sector (crops, 
livestock, fisheries, forests, biomass, and commodities):
● to feed the world
● to enhance rural livelihoods
● to stimulate economic growth 

● Meet food safety standards
environmentally and socially sustainable manner



Sub-title here

●Bullet text here

●Bullet text here

●Bullet text here

●Bullet text here

Agriculture and Environmental Degradation

Can GHG emissions be reduced 
without impacting productivity

How will the loss of genetic 
diversity affect productivity?

Can soil and water degradation 
be reversed and productivity 
enhanced?

Can crop, animal and fish traits 
be improved to address the 
projected changes in climate – 
what are the roles of traditional 
breeding and modern forms of 
biotechnology – genomics?

Can N inputs be reduced without 
decreasing productivity



THE CONTEXT - LIMITATIONS 

●Less labor - diseases and rural to urban migration
●Less water – competition from other sectors and climate 

change in arid- and semi-arid areas
●Yield increases are slowing dramatically
●Less arable land – competition, e.g., bio-energy
●Increasing land policy conflicts
●Loss of biodiversity: genetic, species and ecosystem
●Increasing levels of pollution – ozone and acid 

deposition
●A changing climate – temperature and precipitation



Page *

INCOME AND POPULATION GROWTH DRIVE 
PRICES HIGHER (PRICE INCREASE (%), 2010 – 2050, 

BASELINE ECONOMY AND DEMOGRAPHY)



Page *

CLIMATE CHANGE SCENARIO EFFECTS 
DIFFER

(PRICE INCREASE (%), 2010 – 2050, BASELINE ECONOMY AND DEMOGRAPHY)

Minimum and maximum 
effect from four climate 

scenarios



●Genomics is the basis of improved crop traits – classical plant breeding 
and GM
●Potential to improve productivity, drought, temperature and pest 
tolerance and enhanced nitrogen use efficiency (C4 characteristics in a 
C3 plant)
●Insertion of genes is continuing to cause concern for some consumers 
and governments

●Health risks – little evidence, robust EU safety processes in place
●Environmental risks – need to understand gene transfer and manage
●Role of companies – some lack consumer trust
●Potential negative impact on poor farmers in developing countries – 
reliance on large multi-nationals

  

Role of Genomics and GM



 

Water Security



THE GLOBAL WATER CRISIS

■Water scarcity is growing - by 2025 more than half of the world’s 
population is projected to live under conditions of severe water stress

■Water quality is declining in many parts of the world 

■70% of all freshwater from rivers and aquivers is used for irrigation - 15 - 
35% of irrigation withdrawals exceed supply rates and are therefore 
unsustainable 

■Water has the lowest rate of cost recovery among all infrastructure sectors 
(about 20%)

■Human-induced climate change is projected to decrease water quality and 
availability in many arid- and semi-arid regions, and increase the threats posed 
by floods and droughts in most parts of the world



Human Security



Emissions and Vulnerability to Climate Change



CLIMATE CHANGE 
AND CONFLICT

●Tens of millions of people 
displaced

●Low lying deltaic areas
●Small Island States

●Food shortages where with 
hunger and famine today

●Water shortages in areas 
already with water shortages

●Natural resources depleted with
loss of ecological goods and services

●Increased incidence of disease
●Increased incidence of severe weather events 

Climate Change, coupled with other stresses can lead to local and 
regional conflict and migration depending on the social, economic and 

political circumstances

WBGU 2007



 

Addressing Climate Change and Ecosystem 
Degradation



DEALING WITH IMPACTS IS ABOUT MANAGING RISK -
ECONOMIC, ENVIRONMENTAL AND SOCIAL ECONOMY

1°C 2°C 5°C4°C3°C

Sea level rise threatens 
major cities

Falling crop yields in many areas, particularly developing 
regions 

Food

Water

Ecosystems

Risk of Abrupt and Major 
Irreversible Changes

Global temperature change (relative to pre-industrial)
0°C

Falling yields in many 
developed regions

Rising number of species face extinction

Increasing risk of dangerous feedbacks and abrupt, large-scale 
shifts in the climate system

Significant decreases in water availability 
in many areas, including Mediterranean 
and Southern Africa

Small glaciers disappear  – 
water supplies threatened in 
several areas

Extensive Damage to 
Coral Reefs

Extreme Weather
Rising intensity of storms, forest fires, droughts, flooding and heat waves

Possible rising yields in some high 
latitude regions

Stern Review (2006)What level of risk are we willing to bear?



       Emissions Paths to Stabilization

Source: Stern Review 



●Putting a price on carbon through
●emissions trading
●taxation
●regulation - national, regional and global

●Technology transformation (production and Use)
●Carbon capture and storage
●Renewables
●Future generation biofuels – current biofuels are largely unsustainable
●End-use efficiency

●Mobilising behaviour change
●Citizens
●Business
●Public sector

Options for Action: Mitigation of Climate Change – Low Carbon 
Economy



Potential technological options 

●Efficient production and use of energy: coal plants (e.g., re-powering old 
inefficient plants and developing IGCC); vehicles (e.g., fuel cell cars) and 
reduced use of vehicles (e.g., mass transit and urban planning), buildings, and 
industries

●Fuel shift: coal to gas

●Renewable Energy and Fuels:  Wind power;  solar PV and solar thermal;  
small and large-scale hydropower;  bio-energy

●CO2 Capture and Storage: Capture CO2 in the production of electricity  
followed by geological storage (e.g., IGCC – CCS)

●Nuclear fission:  Nuclear power

●Forests and Agricultural Soils:  Reduced deforestation; reforestation; 
afforestation; and conservation tillage



High ability and 
willing 

Low ability and  
unwilling

Segment willingness 
and ability

Ability to 
act

High 

L
ow 

Hi
gh

Willing 
to Act

Low

 5: Cautious participants 
I do a couple of things to 
help the environment. I’d 

really like to do more, well as 
long as I saw others were.

14%

 2: Waste watchers
‘Waste not, want not’ that’s 

important, you should live life 
thinking about what you are 

doing and using.
12%

1: Positive greens
I think it’s important that I do 
as much as I can to limit my 
impact on the environment.

18%

3: Concerned 
consumers

I think I do more than a lot of 
people. Still, going away is 

important, I’d find that hard to 
give up..well I wouldn’t, so 

carbon off-setting would make 
me feel better.

14%

 4: Sideline supporters
I think climate change is a big 
problem for us.  I know I don’t 
think much about how much 

water or electricity I use, and I 
forget to turn things off..I’d like 

to do a bit more.
14%

 
7: Honestly 
disengaged

Maybe there’ll be an 
environmental disaster, 
maybe not. Makes no 

difference to me, I’m just 
living life the way I want to.

18%

6: Stalled starters
I don’t know much about 
climate change. I can’t 

afford a car so I use public 
transport.. I’d like a car 

though.
10%



  Physical limits: there are physical 
limits to potential adaptation on 
small low lying islands

 Behavioural limits: there are 
behavioural constraints that 
influence where we live and why

 Technological limits: there are 
technological limits to the flood 
defences that can be constructed

Financial limits

There limits to adaption: physical, 
behavioural, technological, financial



Elements of a Post-2012 framework 

(2C) 50% cut by 2050 on 1990 
level
30% cut by 2020 and 60-80 by 
2050 for developed countries
Graduated approach to 
commitments 
Broader, deeper, longer carbon 
market

Adaptation integrated into 
development and finance 
strategies
LULUCF integrated in post-2012 
framework. Incentives to tackle 
deforestation
Global sectoral approach

Technology Protocols, IFI 
financing, R&D, energy fficiency

1. Long-term goal

3. Developing countries

2. Developed country targets

5. Technology

4. Carbon market

8. Aviation & maritime

7. LULUCF inc Deforestation

6. Adaptation



OPTIONS FOR ACTION TO CONSERVE 
BIODIVERSITY:  CHANGE THE ECONOMIC 
BACKGROUND TO DECISION-MAKING

●Make sure the value of all ecosystem services, not just those bought and 
sold in the market, are taken into account when making decisions

●Remove subsidies to agriculture, fisheries, and energy

●Payments to landowners in return for managing their lands in ways that 
protect and enhance ecosystem services

●Appropriate pricing policies for natural resources, e.g., water

●Apply fees, taxes, levees and tariffs to discourage activities that degrade 
biodiversity and ecosystem services

●Establish market mechanisms to reduce nutrient releases and carbon 
emissions in the most cost-effective way

●Develop and use environmentally-friendly technologies



OPTIONS FOR ACTION: SUSTAINABLE 
USE OF WATER

●Implementation of the Dublin Principles

●Ecological Principle:  River basin management (often 
transnational); multi-sectoral management, (agriculture, 
industry, households); land and water must be managed 
together

●Institutional Principle:  All stakeholders, state, private 
sector and civil society, especially women, must be 
involved in the management – principle of subsidiarity – 
action at the lowest level

●Instrument Principle:  Incentives and economic 
principles to improve allocation and enhance quality - 
pricing policies



OPTIONS FOR ACTION: 
SUSTAINABLE AGRICULTURE

■Embed economic, environmental and social sustainability into agricultural 
policies, practices and technologies

■Address today’s hunger problems  with appropriate use of current 
technologies, emphasizing agro-ecological practices 

■Advanced biotechnologies may be needed to address  future demands – 
but the risks and benefits must be fully understood 

■Provide payments to the farmer for maintaining and enhancing ecosystem 
services

■Reform international trade, 
■Increase public and private sector investment in research and 

development, 



CLIMATE CHANGE: KEY SCIENTIFIC 
CHALLENGES

●Improved probabilistic regional climate change projections 
(changes in the mean, variability and extremes) for temperature, 
precipitation and other climatic parameters at the spatial scale 
required for impact and adaptation studies

●Improved understanding of greenhouse gas emissions, 
especially from the agricultural sector

●Improved quantification of the impacts, of climate change on 
socio-economic sectors (e.g., agriculture, water, and 
infrastructure), ecological systems, and human health and 
adaptation strategies

●Improved understanding of the barriers and opportunities to 
transition to a low-carbon economy , including the development of 
low-carbon technologies, and an assessments of the economic 
and financial implications



IN CONCLUSION 

■The world is long on rhetoric – short on action
■Climate change – atmospheric concentrations of greenhouse 

gases are increasing rapidly - no legally binding post-Kyoto targets 
agreed – be prepared for a 4oC world

■Biodiversity – is being lost at an unprecedented rate

■We must address the economic, environmental, and social aspects of 
climate change and biodiversity simultaneously 

■We need the right mix of policies, practices, technologies and 
behavior change, particularly:

■we must get the economics right – eliminate subsidies, internalize 
environmental externalities and value all ecosystem services (market 
and non-market) into national accounts and decision-making

■Climate change and biodiversity loss have not been sold as critical 
issues to the public, most governments, and economists, therefore:

■we must improve our communication skills


