
Climate change Week ten

Microeconomics; Issues, policy and Economics



Objectives

• To develop an understanding of the economics 
of climate change

• Recognise that climate change is an externality 
and the “greatest market failure in the world”

• To understand the potential impact of climate 
change and the need for economic policies to 
stabilise the problem

• To examine the disaggregated impact of climate 
change on developed and developing countries

• Recognise and discuss the possible polices 
which can be used to control climate change



Introduction

• Scientific evidence is overwhelming

• Climate change presents very serious global 
risks and demands an urgent global response

• Lecture material is based primarily on “The 
Stern Review”, (2006) and his speech at the 
RES Annual Conference, Manchester, October 
2006
– Commissioned by the then Chancellor Gordon Brown

– Reporting to Gordon Brown and Tony Blair

– Aim was to contribute to understanding of the 
economics of climate change



Introduction

• Effects of our actions now 

– Little effect on climate change in the next 40 –

50 years

• What we do in the next 10 – 20 years 

– Can have a profound effect in second half of 

this century and the next 



Introduction

• Cannot predict climate change with 

complete certainty but we know the risks

– Need mitigation – strong action to reduce 

emissions

– This is an investment

• Incur costs now and in coming decades to avoid 

the risk of severe future consequences

• If done wisely, cost will be manageable and will be 

a wide range of opportunity for growth and 

development



Introduction

• Policy must promote

– Sound market signals

– Overcome market failure***

– Involve equity and risk management

• Benefits of strong early action outweigh 

the costs



Introduction

• Ignoring climate change?

– Will damage economic growth

– Actions over coming decades could create 

risks of major disruption to economic and 

social activity

– Could see later this century, and in the next, 

effects on a scale similar to those associated 

with the great wars and economic depression 

of the first half of the 20th century



Introduction

• Difficult or impossible to reverse these 

changes

– Tackling climate change is the pro-growth 

strategy for the long term

– Can be done in a way not to cap rich or poor 

countries growth aspirations

– Also need measures to help people adapt

– If we don’t respond now doing so in the future 

will be difficult



Climate change = externality

• Climate change is an externality

– This means something that you and I do 

affects the way in which other people can live 

their lives

• The way they consume, the way they produce…

– It is something you do and unless some policy 

comes along, you don’t pay for that damage

– It is a market failure



Climate change = externality = 

market failure

• Why is it a market failure?

– You are not facing, as a consumer or 

producer, the full cost of the thing you buy

• When you buy something you pay for the labour, 

capital equipment but do not pay for the damage 

you cause to other people

• This is a market failure

• It is argued it is the greatest market failure 

the world has seen



Climate change = externality = 

market failure

• It’s an externality with a difference

– Not like congestion – we see the effects we introduce 

a policy

– This is global

– It’s long-term 

• What’s going to happen to our climate in the next 20 -30 

years is already determined

• Our actions now will affect the climate a long time from now 

at the end of this century and into the next

– “Oooops I emitted too much, I’ll just take it back!” –

won’t work



Now for the science bit….

We need to understand what the science 

tells us about the economics because 

science shapes the economics



What is climate change?

• Solar energy comes 

through the 

atmosphere and then 

gets trapped

– Just like in a 

greenhouse

• Then it changes to 

infrared which is 

trapped

• It cannot escape



What is climate change?

• Global warming is shaped by the stock of 
greenhouse gasses in the atmosphere

• Emissions are a stock – we add to this 
stock each year

– Currently 430 parts per million (ppm) 

– Compared to 280ppm before the industrial 
revolution

– Adding about 2.5 a year and that is rising so 
the stock of greenhouse gasses is rising



What is climate change?

• These gasses build up over time 

– BUT WITH A LAG

• They cause the temperature to rise 

– This affects and influences the way and how  

we live and how and what we do



Effects of temperature change

• See attached diagram (projected impacts 

of climate change)

• Climate change threatens the basic 

elements of life for people around the 

world

– Access to water, food production, health and 

use of land and the environment



Effects of temperature change

• Warming will have many severe impacts, 

often mediated through water……

• Melting glaciers will initially increase flood 

risk and then strongly reduce water 

supplies

– Eventually this will threaten 1/6 of the world’s 

population predominantly in the Indian sub-

continent, parts of China and the Andes in 

South America



Effects of temperature change
• Declining crop yields, especially in Africa

– Could leave hundreds of millions without the ability to 
produce or purchase sufficient food

• At mid to high latitudes, crops may increase for moderate 
temperature rises (2-3 C) but then decline with greater 
amounts of warming

• At 4 C and above, global food production is likely to be 
seriously affected

• In higher latitudes, cold-related deaths will 
decrease.

• World deaths will increase from malnutrition and 
heat-stress.

• Vector-borne diseases such as malaria and 
dengue fever could become more widespread if 
effective control measures are not taken



Effects of temperature change

• Rising sea levels will result in tens to 
hundreds of million more people flooded 
each year with warming of 3 or 4 C

– Serious risk and increased pressure for 
coastal protection in S.E. Asia (Bangladesh 
and Vietnam), small islands in the Caribbean 
and the Pacific, and large coastal cities such 
as Tokyo, New York, Cairo and London.

– One estimate says, 200mn people may 
become permanently displaced due to rising 
sea levels, heavier floods and more intense 
droughts 



Effects of temperature change

• Ecosystems particularly vulnerable

– 15 – 40% of species potentially facing 

extinction after only 2 C of warming

– Ocean acidification, a result of  rising carbon 

dioxide levels, will have major effects on 

marine ecosystems, with possible adverse 

consequences on fish stocks



Effects of temperature change

• Higher temperatures will increase the risk 
of triggering abrupt and large-scale 
changes

– Sudden shifts in regional weather patterns 
such as the monsoon rains in South Asia or 
the El Niño phenomenon

– Amazon rainforest could be significantly and 
possibly irrevocably damaged by a warming 
of 2 - 3 C

– Melting or collapse of ice sheets would 
eventually threaten land which is home to 1 in 
every 20 people



Disaggregated impacts

• Developing countries are the most 

vulnerable

• 75% of greenhouse gasses (up there now) 

have come from developed countries

• Poor countries get hit earliest and hardest

• There is inequity in terms of responsibility 

and in terms of impact



Disaggregated impacts

Why are developing countries hit hardest?

1. Are actually in the places which are most 
vulnerable

• They are in the hotter parts of the world and so are 
more vulnerable to temperature rises

2. Less diversified economies and therefore more 
vulnerable

• Especially, but not only, in agriculture

3. Have less resources to protect themselves 
against climate change

These disaggregated impact should 
influence our mitigation policy



Disaggregated impacts

• Climate change is likely to further reduce 

already low incomes and increase illness 

and death rates in developing countries

• Falling farm incomes will increase poverty 

and reduce the ability of households to 

invest in a better future, forcing them to 

use up meagre savings just to survive



Disaggregated impacts

• Many developing countries already struggle to 

cope with their climate

– Shocks to the climate could cause setbacks to 

economic and social development even with 

increases of less than 1 C

• Impacts on a larger scale (3 or 4 C) could spill 

over national boundaries

– Rising sea levels and other climate-driven changes 

could drive millions to migrate 

• More than 1/5 of Bangladesh could be under water with a 1m 

rise in sea levels

• Problems of violent conflict could emerge West Africa, the 

Nile Basin and Central Asia.



Disaggregated impacts

• Climate change may initially have small 

positive effects for a few developed 

countries, but is likely to be very damaging 

for the much higher temperature increases 

expected by the mid to late century (if we 

continue as we are)



Disaggregated impacts

• In higher latitude regions; Canada, Russia 
and Scandinavia

– Climate change may lead to net benefits for 
increase of 2 or 3 C

• Higher agricultural yields, lower winter mortality, 
lower heating requirements and a possible tourism 
boost.

– Will also experience the most rapid rates of 
warming

• Damage to infrastructure, human health, local 
livelihoods and biodiversity



Disaggregated impacts

• Developed countries in lower latitudes will 
be more vulnerable

– Water availability and crop yields in Southern 
Europe are expected to decline by 20% with a 
2 C increase

– Increased costs of damage from extreme 
weather conditions will counteract early 
benefits of climate change

• Storms, hurricanes, typhoons, droughts and heat 
waves

• Cost of extreme weather conditions alone could 
reach 0.5 – 1% of world GDP per annum by the 
middle of the century



Disaggregated impacts

• A 5 or 10% increase in hurricane wind speed, 

linked to rising sea temperatures, will double 

annual damage costs in the USA

• In the UK, annual flood losses alone could 

increase from 0.1% of GDP today to 0.2 – 0.4% 

of GDP at an increase of 3 – 4 C

• Heat waves like that in Europe in 2003, when 

35,000 people died and agricultural losses 

reached $15bn will be commonplace by the 

middle of the century



Disaggregated impacts

• At higher temperatures

– Developed countries face a growing risk of 

large-scale shocks

– Rising cost of extreme weather events could 

affect global financial markets through higher 

and more volatile insurance costs



Probability of temperature changes

• See attached diagram (Stabilisation)

• Drawn the probability intervals at 5 to 95% 

interval you get in terms of temperature increase 

corresponding to a concentration of gasses

• At 400ppm (if we stabilise – although probably 

too late) bulk of probability distribution would be 

between just under 1 and 3 C

• Up to 550ppm bulk of probability interval would 

lie between 1.5 to 4.5 C



Probability of temperature changes

• Need to stabilise between 450 and 
550ppm

• Already at 430ppm and adding 2.5 per 
year

– To get stabilised at 450 would be tough

• 550ppm could (it is argued) be achieved at 
a relatively small cost

– Still run significant risks associated with 3 C

– Can achieve this by continuing to grow but 
paying a bit more for some things we do and 
doing them in a way which emits less carbon



Probability of temperature changes

• If we let it go and continue with “business as 

usual”

– Increase the amount we’re adding from 2.5 per year 

to 3.5 and 4 per year

– By the end of the century would be at 850ppm

– Looking at the diagrams this is hard to contemplate

• Can head this off with good policy starting now 

and quickly getting it going over the next few 

decades

– Head off the risks with modest significant investment 

over the coming years



Still to come…..

• What are the aggregate monetary effects 
of climate change?

• How can we tackle this problem?

– What policies are appropriate?

– How can we ensure the mitigation holds 
developed countries more responsible (at 
least initially)?

http://www.youtube.com/watch?v=-tvz0Ora14Y

http://www.youtube.com/watch?v=-tvz0Ora14Y
http://www.youtube.com/watch?v=-tvz0Ora14Y
http://www.youtube.com/watch?v=-tvz0Ora14Y


Modelling
• “The Stern Review” uses assessment models to 

provide aggregate monetary estimates

• Great caution must be taken in interpreting the 
results 
– Modelling the world over two centuries is very difficult

• Monetary impacts of climate change now 
expected to be more serious than earlier studies 
suggested
– Earlier studies often excluded uncertain but 

potentially damaging impacts

– Recent advances in science mean we can examine 
these risks more directly using probabilities



Modelling

• In the past models have used 2 – 3 C 
warming as a starting point

– In this temperature range, cost of climate 
change would be 0 – 3% of global world 
output compared to what could be achieved 
without global warming

– Developing countries will suffer even higher 
costs

• The models were too optimistic about 
warming. 

– Recent evidence shows we may exceed 2 –
3 C of warming by the end of the century



Modelling

• With 5 – 6 C 

– A real possibility for the next century

– Existing models which include the risk of 
abrupt and large-scale climate change 
estimate a 5 – 10% loss in global GDP

– Poor countries will suffer costs in excess of 
10%

• Modeling used is based around the 
economics of risk

– Policy is about reducing these risks



Modelling

• Analysis also focuses not just on GDP but 
also  on consequences of climate change 
for:

– Health 

– The environment

• Using the model, it is estimated that the 
total cost over the next two centuries 
(under BAU) involves risks and impacts 
equal to an average fall in per-capita 
consumption of 5% now and forever

BUT…..



Modelling

• If we take into account these two 
things…

1. Include direct impacts on the 
environment and human health estimate 
increases from 5 – 11% of global per-
capita consumption

2. A disproportionate share of the climate 
change burden falls on poor regions

• If we weight this appropriately, estimated 
global cost of climate change at 5 - 6 C 
would be more than ¼ higher than without 
such weights



Modelling

Putting these additional 2 factors together 

would increase the total costs of BAU 

climate change to a 20% reduction in 

consumption per head, now and in the 

future.





Stabilisation at 550ppm

• To stabilise at 550ppm 

– Need to stop emissions growing within the 
next 15 or 20 years and then we have to 
decrease

• The more ambitious 450ppm path 

– Very tough

– Need to peak very quickly and come down 
much faster

• The top line is the BAU line

– The later you leave it, the higher your starting 
point and the more difficult the task



Policies

• Strong mitigation is consistent with growth

• You pay a bit more and you carry on 

growing

– Have to do it wisely and have to do it well

• Eventually the costs of BAU will be such 

that it damages growth 



Policies 

• This is an externality

• We need to give it a price and then we’ve 

gone along way to tackling the problem

• Prices can be done through 

– Taxation

– Carbon trading 

• Already implemented in the European Union 

Emissions Trading schemes and other voluntary 

trading schemes around the world



Policies

• You can set standards and regulate

– Regulate car emissions and efficiency

– Regulate the efficiency of buildings 

– Regulate how power is produced

• You can have renewables, incentives….

• Need an idea of where we want this to go 
and that is our stabilisation target of 
550ppm



Policies

• Why use price mechanism over quantity 

restraints?

– It depends on the structure of the risk

– The structure of risk here is if we over-shoot 

our stabilisation target – we cause a lot of 

damage

– Start with quantity targets we want to reach 

and define the corridor you want to be in

• Need flexibility though – price gives us this



Policies

• Price guided mechanisms

– allow us to do our reductions where it is 
cheapest 

– Have some flexibility in when you do things 
and in what sector you do it

• We also need technology policy

– Technology policy on R&D and on 
deployment

– Experience with different technologies brings 
down costs and you learn from what other 
people do



Policies

• Also need regulation

• Information is very important, People need 

to know 

– How they can work to mitigate

– How they can work to reduce emissions

– Need not just sticks and carrots (penalties 

and incentives) but to get people to 

understand what this is all about and what 

responsible behaviour means

• Need public discussion to increase understanding



Policies

1. Externality and trying to find a way of 

pricing it: Tax, trading or implicitly 

through regulation and standard

2. R&D in deployment

3. Removing barriers to taking action and 

changing public attitudes on climate 

change 



Policies

• Public R&D expenditure is about ½ what it 
was 20 years ago

– Due to lower energy prices during that period 
and the privatisation of much of the power 
industry during that period

– Firms now have less incentive to do research
• This can be reversed

– It is argued R&D funding around the world 
should double – get it back to where it was 20 
years ago



Policies

• The UK has started to do many of these 

things

– 2006 budget established the Energy 

Environment Institute

– UK is involved in carbon trading

– Petrol is taxed quite heavily relative to other 

countries



Policies

• Adaptation is crucial but is not a substitute 

for mitigation

– Much stronger mitigation means you have to 

adapt much less in the future

– This is much more difficult for developing 

countries

• Less diversified and less resources to invest in 

adaptation – key role for international assistance



Policies

• Development is the prime vehicle of 
adaptation

– Needs to be mainstreamed into the whole 
development story

– Most will be done at the country level but 
some things can be done at an international 
level

• International disaster responses

• International development of crop varieties and 
technology

• International forecasting



Policies

• International action

– This is an international collective action 

problem

– One country cannot handle this on it’s own

– Need a shared understanding of why it is 

important and what we can do

– Need a mutual understanding of what others 

are doing

• Most countries have started……



Policies

• China is in its 11th Five Year Plan which starts 

this year

– The first headline target is the growth rate

– The second headline target is to reduce the energy to 

output ratio by 20% in five years

• India is now available and is very ambitious on 

energy efficiency too

• USA is investing a lot into R&D

– Parts of the USA; California and Northeast United 

States are investing heavily in measures like trading



Financing the policies
• How do you go about financing all of this?

– This is a difficult issue for developing 
countries

– Costs of mitigation down to 550ppm and 
below are significant but manageable

– There would be approximately 1% rise in 
prices 

• Energy prices up by more than that, other goods 
up by less

– Investment to be financed in developing 
countries over the coming years which must 
be carbon-clean if we are to slow down 
emissions



Financing the policies

• Trading schemes and financing

– These schemes allow private sector flows to 

developing countries

– They give incentives for developing countries 

to cut back their carbon emissions because 

there is a reward for doing so

• They can trade their emission reductions 

• Other people looking for emissions reductions can 

buy it there and get more for their money

• Trading schemes plug into developing countries 



Financing the policies

• All countries are going to be hit by climate 
change 

• Investment in adaptation is crucial

– It could cost developing countries tens of 
billions more to build infrastructure which is 
more robust against climate change

– This means the obligation to deliver on 
overseas aid commitments made in 
Moneterrey in 2002 at the UN conference and 
in Europe at Gleneagles in 2005 are vital to 
the developing countries adjustments  



Key elements for future 

international frameworks

• Emissions trading: Expanding and linking the 

growing number of emission trading schemes is 

a powerful way to promote cost-effective 

reductions in emissions and to bring forward 

action in developing countries

• Technology cooperation: Informal co-

ordination as well as formal agreements can 

boost the effectiveness of investments in 

innovation around the world.

– Globally support for R&D should double, support for 

new low-carbon technologies should increase five fold



Key elements for future 

international frameworks
• Action to reduce deforestation: The loss of 

natural rainforests around the world contributes 
to more global emissions each year than the 
transport sector
– Curbing deforestation is a highly cost-effective way to 

reduce emissions

• Adaptation: The poorest are most vulnerable to 
climate change. Climate change must be fully 
implemented into development policies and rich 
countries honour their pledges to increase 
support through overseas development 
assistance.
– International funding should also be support regional 

information on climate change impacts and research 
into new crops that will be more resilient to drought 
and flood.



Plenary
• Introduced climate change as an 

externality and as such a serious, global 
market failure

• Examined the possible effects of climate 
change on developed and developing 
countries and established a disaggregated 
impact

• Recognised the need to stabilise carbon 
emissions to 550ppm

• Examined policies which need to be 
implemented to achieve the stabilisation 
target.



New Definitions

• Market failure: A situation in which a 

market on its own fails to allocate 

resources efficiently.

• Externality: The uncompensated impact 

of one person’s actions on the well-being 

of a bystander.



Tutorial and beyond…

• Review what we have talked about in the 

lecture.

• Discuss and compare your views of 

climate change and how you think it should 

(or should not) be tackled by world leaders.

• Download the “homework” material from 

WebCT Vista and attempt the questions.


