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The Nature of the Problem

 Climate change is very different from other 
challenges we have faced as a planet.

 The three key issues are:

 Huge uncertainty about future impacts

 The very long term nature of the impacts

 The big divide between rich and poor countries 
with respect to responsibilities for climate 
change and the impacts of climate change.
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The Role of Science

 In spite of the great effort that has been made in the last 20 
years or so we still have many gaps in our knowledge.

 Pure climate science: e.g. how big is the climate sensitivity 
factor?

 Mitigation: what are the best options, and how can we 
ensure they are selected?

 Adaptation: at the local level where are the most likely 
impacts and what is the best way to deal with them?

 Negotiation: how can we achieve international agreement 
in reducing emissions and making the right adaptation 
actions?

 Most of these need interdisciplinary action.
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Uncertainty in Science of Climate
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Climate Sensitivity

 Climate sensitivity S is an amplifying or scaling 

multiplier for converting changes in emissions 

into temperature change by the linear 

approximation:

 S is the global warming following a doubling of 

CO2 concentrations

2)2ln/( LnCOST
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Climate Sensitivity

 S is likely to be in the range 2 to 4.50 C with a 
best estimate of 30 C, and is very unlikely to be 
less than 1.50 C. Values substantially higher 
than 4.50 C cannot be excluded.

 IPCC gives a probability of 17% that S is 
substantially higher than 4.50

 Based on the tail of the distribution there is a 
probability of 2% that S > 8%.

 Such an increase has not been experienced 
for tens of  millions of years and would imply 
disaster for the planet.
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Projected impacts of climate change

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

0 C

Falling yields in many 

developed regions

Increasing no. of species face extinction

Increasing risk of dangerous feedbacks and 

abrupt, large-scale shifts in the climate system

Significant fall in water 

availability e.g. Mediterranean 

and Southern Africa

Small mountain glaciers

disappear  – melt-water 

supplies threatened in 

several areas

Extensive Damage 

to Coral Reefs

Extreme 

Weather 

Events

Rising intensity of storms, forest fires, droughts, flooding, heat waves

Possible rising yields in 

some high latitude regions

Global temperature change (relative to pre-industrial)
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Stabilisation and Commitment to 
Warming

1 C 2 C 5 C4 C3 C

400 ppm CO2e

450 ppm CO2e

550 ppm CO2e

650ppm CO2e

750ppm CO2e

5% 95%

Eventual temperature change (relative to pre-industrial)

0 C
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The fat-tail of climate risk
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Science and Climate Sensitivity

 We can reduce this uncertainty through climate 

research, maybe by 20-40% in the next 2 to 5 

decades. But we cannot eliminate it!

 This is crucial to determining the right actions.

 The presence of such uncertainties indicates 

that policy should be formulated taking 

account of such uncertainties. (Keeping 

options open -- see later)



COST BENEFIT ANALYSIS OF 
ACTIONS TO COMBAT 

CLIMATE CHANGE: IS IT 
POSSIBLE?
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A Benefit Cost Approach: Stern

 The Stern report estimated damages under 

“business and usual” at between 5 and 15% 

of global GDP, with even wider ranges (see 

next chart).

 At the same time the costs of stabilising 

concentrations as 550 ppmv are around 1% 

of GDP.

 So the case for action is clear.
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Aggregate Impacts Matrix 
(% of GDP)

• Essential to take account 

of risk and uncertainty

• Models do not provide 

precise forecasts

• Assumptions on 

discounting, risk 

aversion and equity

affect the results

14%

(3-32%)

7%

(1-17%)

High

climate 

11%

(2-27%)

5%

(0-12%)

Baseline

climate

Broad 

impacts 

Market 

impacts

Rough estimate of equity 
weighting: 20%



Difference  between the ‘550ppm C02e and 1% GWP mitigation cost’ 

scenario and BAU scenario, mean and 5th – 95th percentile range
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Why is Stern Controversial?

 The damages are in the future (2060+), while 

the costs are incurred now.

 To get the present value of net benefits to be 

positive we need very low discount rates.  

Stern takes 0.1%.  With higher rates the net 

benefits may be negative with a 550 ppm 

target.  Typical (real) rates are around 3-4%

 But with such high uncertainties can we use 

Benefit Cost analysis?
15
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The Discount Rate

 Economists use the 
discount rate to make 
investment and policy 
decisions that have impacts 
over time.

 Future costs and benefits 
are valued less than present 
ones.

 DR is crucial: value of 
£1000 over time…

Time

/DR

Now 100

Yrs

200

Yrs

1% 1000 369 137

5% 1000 8 0.06

10% 1000 0.07 0.00
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What Rates Are Used?

 UK govt. rates: 3.5% rate for 1-30 years, a 3% rate for 

31-75 years, a 2.5% rate for 76-125 years, a 2% rate for 

125-200 years, 1.5% for 201-300 years, and 1% for 

longer periods. French government adopts similar 

principle.

 Private sector uses higher rates (varying with risk of 

course)

 High rates can make it difficult to justify many 

environmental investments but this can be countered by 

higher values of environmental services in the future.
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Special Case of Climate Change

 Very long term impacts

 High uncertainty

 Stern took very low rate (0.1%), criticized 

by several economists.

 But based on above it may be appropriate. 

(δ = 0; μ = 0.01; η = 1; s = 0.13)
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Uncertainty

 Problem is not only „uncertainty‟ but not 

knowing the probabilities of different 

outcomes (e.g. of climate sensitivity).

 “Known unknowns vs Unknown unknowns” 

D. Rumsfeld

 If we don‟t know ´s´ in the above formula 

we cannot calculate r.
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Implications of Deep 
Uncertainty

 With significant unknown unknowns 
we cannot use the traditional cost 
benefit analysis to make decisions

 We have to rely on learning –
reducing uncertainty over time – and 
flexibility (keeping options open).

 Reverend Bayes (1702-1761).

 Or we may have to impose some 
„sustainability constraints‟

 Revised knowledge implies revised 
policies.    
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An Economist‟s Perspective

 The climate-change experiment, whose eventual outcome we 
are trying to infer now, concerns the planet’s response to a 
geologically-instantaneous exogenous injection of GHGs. 
This planetary experiment of an exogenous injection of this 
much GHG this fast is probably unprecedented in Earth’s 
history even stretching back hundreds of millions of years. 
Can anyone honestly say now from very limited information 
or experience what are reasonable upper bounds on the 
eventual degree of global warming or climate change that 
we are currently trying to infer will be the outcome of such a 
first-ever planetary experiment?

 M. Weizman, Harvard University 2007.



Cost Benefit Vs Sustainability

 In view of this deep uncertainty many have 

argued that a target such as stabilising 

concentrations at 550 ppmv is justified on 

sustainability grounds – the least we need to 

do to keep risks of catastrophe at an 

acceptable level.

 Some would argue we should aim even lower 

but it is felt a lower target may be technically 

and politically infeasible.
23



So: A Current “Consensus”

 We should aim to stabilize GHG concentrations at 

550 ppmv to avoid serious risks.

 This will require global emissions to peak in 2020 

and to decline steadily thereafter.

 By 2050 emissions globally should be 50% of 2000 

levels

 One scenario indicates that, for developed 

countries, they need to fall by around 80% by 2050 

to achieve this goal.

24
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Costs of Reducing Emissions:
Innovation is Key to Meeting 

Targets!
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The Mitigation Consensus

50% cuts by 2050 are feasible—and options more 

abundant than thought:

 full range of renewables, hydrogen, fuel cells, efficiency…..nuclear…

 Costs not prohibitive but uncertainty : < 0.5% to 2.0% of GDP by 

2050, or a few month’s growth in 50 years 

 Results consistent with those of many other studies

Innovation and research holds the key 

 Importance of innovation policy—at national and 

international levels is critical!
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Costs of Mitigation: % Change in 
Projected World Product
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Costs of 50-70% CO2 

reductions by 2050

Source: Anderson and Leach review for DTI
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Technologies for Long Term Targets 
(*** Indicate R&D Needs)

i. Vehicle fuel economy—e.g. hybrid+ vehicle at 60mpg instead of 30 mpg ***

ii. More efficient buildings (buildings account for about 1/3rd of energy use) *

iii. Natural gas for coal in power generation *

iv. Carbon capture and storage from fossil power plants **

v. Carbon capture and storage from fossil fuels—hydrogen production ***

vi. Nuclear power—700 GW or 10-15% more of future electricity supply (450GW 

today) *

vii. Electricity from wind and PVs — 1500 GW (~10-12% growth) **

viii. Electricity energy from PVs — 3000 GW (~ 15% growth) **

ix. Biofuels to replace fossil fuels for transport — 34 million barrels per day 

from 15% of the world‟s cropland (world oil demand today is 75 mbd.) ***

x. Fuel cell vehicles using hydrogen ***
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Illustrative Marginal Abatement Option 

Cost Curve



And Innovation Responds to 
Incentives: Kyoto Protocol 



What do these costs imply?

 To put the costs in perspective I look at three 

things:

 Implications of a low carbon strategy for fossil 

fuel prices, such as taxes on gasoline/diesel.

 Implications for investment requirement.

 Implications for competiveness and vulnerable 

industries.
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Implications for Costs of Fuels

The Impacts Are Not That Large!



Implications for Fuel Costs

 Possible prices of carbon in baseline and those needed to 

achieve a 50% global reduction by 2050. (POLES Model)

34

Baseline 2010 2020 2030

CO2 MT 29,940 35,434 40,550

Price Oil €05/bbl 65.7 77.2 95.2

Price Carbon €05/ton 0 0 0

50% Global Cut 2010 2020 2030

CO2 MT 29,940 29,392 23,309

Price Oil €05/bbl 65.7 73.4 77.8

Price Carbon €05/ton 8.9 41.4 118.3



Impacts on Price of Gasoline

 Depends of course on taxation

 Assume current taxation €.45/lt. excise tax 

plus 16% VAT in 2009 and 18% VAT 2010+

 Exchange rate in 2009 was $1.46=1€. Now 

about $1.3=1€

 Margins for refining, distributing as per US 

data.
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Price of Gasoline in 2030 €/lt.
Impact of CO2 tax is less than normal variations due to oil 

price!
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Implications for Investment needs

Again They Are Not That Large But 

Some Countries May Face Problems of 

Financing!



Implications for Energy Sector 
Investment

 IEA estimates annual energy investment needs at US$250 

bn from 2010 to 2020 and US$936 bn. from 2021 to 2030 to 

meet the 550 ppm target.

 This amount to 0.3% of estimated GDP in 2010 and 0.7% in 

2030, which is not much.  

 But problem in in developing countries.  Currently these 

countries need US$190 bn. to meet the target plus their 

development needs. However, only US$80 bn. is financed.

 Investment in end use energy efficiency is about 70%  in 

2020 and about 60% in 2030. Renewable energies account 

for 19% in 2020, 24% in 2030.
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Implications for Energy and 
R&D Investment

 Investments in renewable energy was around 

US$120 bn. in 2008, an increase from US$20 bn. in 

2004.  Areas are wind (42%), solar (32%), biofuels 

(13%). Nearly US$80 bn. of this total was in US 

and Europe.  So we may be “on track”.

 R&D investment energy is currently too low.  Share 

in public budgets has declined from 11% in 1985 to 

4% in 2007.  This has to increase significantly.
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Implications for Competitiveness 
and Trade

Politically Very Important



Some Key Findings on 
Competitiveness

 Research has shown that imposed energy 

efficiency standards may have a bigger effect 

on exports than a carbon tax.

 There is a possibility of “carbon leakage” –

industries moving to low regulation regions 

to avoid carbon policies.  But the estimates 

of the size of the effect is generally low.
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Actions to Mitigate 
Competitiveness Loss

 Impose countervailing tariffs on products from 

countries with low or no carbon reduction policies.  

 This would be effective against carbon leakage and 

may be possible but is subject to WTO regulation.

 To encourage developing countries to adopt stricter 

carbon regulations via technology transfer. At 

present there are barriers to transfer, including 

import tariffs in these countries, which could be 

reduced or removed.
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Rich and Poor Countries 

A Challenge to Climate Policy
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Another Conflicting Interest: Rich 
and Poor

 Rich will have to make a bigger sacrifice to meet 

climate objectives.

 By and large the poor are more negatively affected 

by any future climate change.

 Poor countries will have to make some sacrifices as 

well if we are to meet targets.

 Rich carry a debt of responsibility for the GHG 

concentrations.
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The Point that Developing Countries 
Make

We are still much 

Smaller in per capita

Terms!



How to Allocate Emissions 
Rights

 We can allocate them based on population 

applied to current emission.

 Then developed countries will have to buy a 

large number from developing countries

 Or we can allocate based on population but 

applied to historic emissions (go back to 

1850?)

 Then developed countries will have to buy 

even more from developing countries!
46
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Allocation Based on Population

2020 2030

Emissions in China MTCO2 6821 4862

Allowed Emissions MTCO2 5319 3891

Net Purchase  €Bn. 62 115

Emissions in India MTCO2 1885 1738

Allowed Emissions MTCO2 5191 4081

Net Purchase  €Bn. -137 -277

Emissions in EU27 MTCO2 3628 2867

Allowed Emissions MTCO2 1882 1352

Net Purchase  €Bn. 72 179

Price of Carbon 41.4 118.3



Allocation Based on Population

 In our model China and EU27 have to buy 

significant number of rights

 EU27 pays €72 Bn (€150 per person). In 

2020 and €179 Bn. In 2030.  Total ODA in 

2007 was only €80 Bn.

 Critical problem at Copenhagen was on how 

to allocate these rights.  Further EU and other 

rich countries would not agree to these kinds 

of transfers.
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So What is the Way Forward?

 Each country makes its own commitment to GHG 

reduction.  (Not sure we can get to 550ppmv)

 Developing countries accept bigger reduction 

targets than their „rights‟ would justify, but under 

major increases in ODA, technology transfer and 

funding for adaptation. 

 But what would be enough and not all developing 

countries are in the same situation?
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Adaptation to Climate Change

This Will Be Necessary Whatever 

Climate Mitigation Policies We Pursue
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Adaptation Issues

 Extent of sea level rise

 Frequency of river flooding

 Frequency of periods of drought

 Frequency of heat waves and their impacts

 Changes in nature and type of tourism

 Changes in productivity of agricultural land

 Impacts of increases in vector borne diseases

 Pressures from climate based migration to the 
region

 All these need further study!



Initial Estimates of Costs of 
Adaptation
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Study Cost of Adaptation Regional coverage Time frame Sectors 

World Bank (2006)  $ 9 to 41 billion/year Developing countries Present Unspecified 

Stern Review (2006) $ 4 to 37 billion/year Developing countries Present Unspecified 

Oxfam (2007)    . Min, $ 50 billion/ year Developing countries Present Unspecified 

UNDP (2007)    . $ 86 to 109 billion/year Developing countries 2015 Unspecified 

UNFCCC (2007)    . $ 28 to 67 billion/year Developing countries 2030 See * 

UNFCCC (2007)    . $ 44 to 166 billion/year Global 2030 See ** 

 

• Initial studies involved a macro approach in which the authors 

started with an estimate of the level of investment in each 

country that is climate sensitive and applied a “mark-up” to 

account for the additional costs of climate change.



Criticisms of Initial Costs of 
Adaptation

 The high level of aggregation in the estimation of sector-level 

investments derived from a poor empirical basis for determining the 

amount of climate sensitive investment and the mark-up, 

 Not accounting for climate-proofing existing stocks (to the extent that 

they need to be climate proofed faster than they depreciate) 

 Not accounting for non investment expenditures especially in the areas 

of  health and agriculture 

 Not including autonomous expenditures and looking only at planned 

adaptation measures and 

 Not considering the additional investment that will be needed 

specifically to address climate impacts now.
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Adaptation and Development

 Development increases resilience

 Adaptation will put strong pressure on developing 

country budgets and ODA. Budget estimated at 

around €90 Bn. Per annum.

 International action also has a key role in supporting 

global public goods for adaptation

 Disaster response

 Crop varieties and technology

 Forecasting climate and weather
54
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The Areas of Research

 How we can combine the need for equity (poor 
countries should bear less burden) with the need for 
efficiency (cuts should be made where they are 
least costly)?

 Reduce uncertainties in the areas of impacts and 
costs.

 Design policies that are flexible and that can 
respond to new knowledge.
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What Advice Can We Give?

 An increase in knowledge is very important.

 But the need for more knowledge is not an excuse 
for lack of action.  We must aim to meet 550 ppmv.

 Action can and should be flexible.

 International agreements with cuts by all parties are 
essential

 Efficiency and equity objectives can be decoupled –
use of market based instrument with „fair‟ 
allocations of rights can play a role.



Thank You


