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Outline
Adaptation - dealing with impacts (last week)


Mitigation - reducing amount of climate change


Issues at stake


Geopolitical


Economics


Win-wins to buy time


Geo-Engineering



Mitigation
Reduce our climate 
impact


Primarily 
greenhouse gas 
emissions


Peak warming is 
better constrained 
by cumulative 
carbon emissions

AR5 WG1 TS FIG 8



“Dangerous” Change
Kyoto (1992) said it 
would avoid ‘dangerous’ 
climate change


Since defined as more 
than 2oC of global 
warming (at Met. Office 
in 2005)


Acceptance of 2oC limit 
was about all that came 
out of Copenhagen 

MEINSHAUSEN ET AL., NATURE 2009



Global Carbon Budget

Already 
emitted

Evens chance of avoiding 
internationally agreed 

dangerous climate change

Resources 
listed in 
London

Resources listed in 
New York Resources listed on all 

stock exchanges

From IPCC AR5 & 
 Unburnable Carbon

Only around one quarter of global resources are listed on stock exchanges



Final�Draft� Technical�Summary� IPCC�WGIII�AR5�
�

16�of�99�
�

Regardless�of�the�perspective�taken,�the�largest�share�of�anthropogenic�CO2�emissions�is�emitted�
by�a�small�number�of�countries�(high�confidence).�In�2010,�10�countries�accounted�for�about�70%�of�
CO2�emissions�from�fossil�fuel�combustion�and�industrial�processes.�A�similarly�small�number�of�
countries�emit�the�largest�share�of�consumptionͲbased�CO2�emissions�as�well�as�cumulative�CO2�
emissions�going�back�to�1750.�[1.3]�
�
The�upward�trend�in�global�fossil�fuel�related�CO2�emissions�is�robust�across�databases�and�despite�
uncertainties�(high�confidence).�Global�CO2�emissions�from�fossil�fuel�combustion�are�known�within�
8%�uncertainty.�CO2�emissions�related�to�FOLU�have�very�large�uncertainties�attached�in�the�order�of�
50%.�Uncertainty�for�global�emissions�of�CH4,�N2O,�and�the�FͲgases�has�been�estimated�as�20%,�60%,�
and�20%.�Combining�these�values�yields�an�illustrative�total�global�GHG�uncertainty�estimate�of�
order�10%�(Figure�TS.1).�Uncertainties�can�increase�at�finer�spatial�scales�and�for�specific�sectors.�
Attributing�emissions�to�the�country�of�final�consumption�increases�uncertainties,�but�literature�on�
this�topic�is�just�emerging.�GHG�emission�estimates�in�the�AR4�were�5–10%�higher�than�the�
estimates�reported�here,�but�lie�within�the�estimated�uncertainty�range.�All�uncertainties�reported�
here�are�reported�for�a�90%�confidence�interval.�[5.2]�
�

�
Figure TS.5. Total annual CO2 emissions (GtCO2/yr) from fossil fuel combustion for country income 
groups attributed on the basis of territory (solid line) and final consumption (dotted line). The shaded 
areas are the net CO2 trade balance (difference) between each of the four country income groups and 
the rest of the world. Blue shading indicates that the country group is a net importer of embodied CO2 
emissions, leading to consumption-based emission estimates that are higher than traditional territorial 
emission estimates. Orange indicates the reverse situation – the country group is a net exporter of 
embodied CO2 emissions. Assignment of countries to income groups is based on the World Bank 
income classification in 2013. For details see Annex II.2.3. [Figure 1.5] 
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Figure TS.3. Allocation of GHG emissions across sectors and country income groups. Panel a: Share 
(in %) of direct GHG emissions in 2010 across the sectors. Indirect CO2 emission shares from 
electricity and heat production are attributed to sectors of final energy use. Panel b: Shares (in %) of 
direct and indirect emissions in 2010 by major economic sectors with CO2 emissions from electricity 
and heat production attributed to the sectors of final energy use. Lower panel: Total anthropogenic 
GHG emissions in 1970, 1990 and 2010 by economic sectors and country income groups. GHG 
emissions from international transportation are reported separately. The emissions data from 
Agriculture, Forestry and Other Land Use (AFOLU) includes land-based CO2 emissions from forest 
and peat fires and decay that approximate to net CO2 flux from the Forestry and Other Land Use 
(FOLU) sub-sector as described in chapter 11 of this report. Emissions are converted into CO2-

BY SECTORS (WG3, TS5) 
AFOLU = AGRICULTURE, FORESTRY AND OTHER LAND USE 

ELECTRICITY & HEAT PRODUCTION CONSIDERED INDIRECT AS 
ASSOCIATED WITH OTHER PURPOSES/SECTORS



Driving CO2 emissions
Subdivide CO2 emissions 
into several factors:


CO2 = P x S x E x C 

P is number of people 
[Population]


Services per person [GDP per 
Capita]


Energy per service [Energy 
intensity of GDP]


CO2 per unit energy [Carbon 
Intensity of energy]

AR5 WG3 SPM FIG 3 
RECENT REVERSAL IN CARBON INTENSITY DUE TO RENEWED COAL USE 
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Figure TS.35. Key spatial planning tools and effects on government revenues and expenditures 
across administrative scales. Figure shows four key spatial planning tools (coded in colours) and the 
scale of governance at which they are administered (x-axis) as well as how much public revenue or 
expenditure the government generates by implementing each instrument (y-axis). [Figure 12.20] 

For�designing�and�implementing�climate�policies�effectively,�institutional�arrangements,�
governance�mechanisms,�and�financial�resources�should�be�aligned�with�the�goals�of�reducing�
urban�GHG�emissions�(high�confidence).�These�goals�will�reflect�the�specific�challenges�facing�
individual�cities�and�local�governments.�The�following�have�been�identified�as�key�factors:�1)�
institutional�arrangements�that�facilitate�the�integration�of�mitigation�with�other�highͲpriority�urban�
agendas;�2)�a�multilevel�governance�context�that�empowers�cities�to�promote�urban�
transformations;�3)�spatial�planning�competencies�and�political�will�to�support�integrated�landͲuse�
and�transportation�planning;�and�4)�sufficient�financial�flows�and�incentives�to�adequately�support�
mitigation�strategies.�[12.6,�12.7]�

Successful�implementation�of�urban�climate�change�mitigation�strategies�can�provide�coͲbenefits�
(medium�evidence,�high�agreement).�CoͲbenefits�of�local�climate�change�mitigation�can�include�
public�savings,�air�pollution�and�associated�health�benefits,�and�productivity�increases�in�urban�
centres,�providing�additional�motivation�for�undertaking�mitigation�activities.�[12.5,�12.6,�12.7,�12.8]

Mitigation Policy Scale
Mitigation takes 
many forms


A. UN agreements


B. Local Gov’t 
initiatives


C. Economic choices


D. Corporate 
responsibility


E. Personal actions

IPCC AR5 WG3 TS FIG. 35
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As a result of the UNFCCC COP-18 in 2012, internaƟonal climate negoƟaƟons have entered 
a new phase. The focus is on the negoƟaƟon of ͞a protocol, another legal instrument or 
an agreed outcome with legal force under the ConvenƟon applicable to all ParƟes ,͟ to 
be negoƟated by 2015 and to come into force in 2020. If such an agreement is achieved, 
it will be the Įrst global climate agreement to extend to all countries, both developed 
and developing. COP-18 also delivered an extension of the <yoto Protocol to 2020, with 
38 countries (represenƟng 13% of global greenhouse-gas emissions) taking on binding 
targets (Figure 1.3). As part of the earlier (2010) Cancun Agreements, 91 countries, 
represenƟng nearly 80% of global greenhouse-gas emissions, have adopted and submiƩed 
targets for internaƟonal registraƟon or pledged acƟons. These pledges, however, 
collecƟvely fall well short of what is necessary to deliver the 2 °C goal (UNEP, 2012).

Figure 1.3 ٲ  Coverage of existing climate commitments and pledges

Summary of participation in the second commitment period 
of the Kyoto Protocol (2013-2020)
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Summary of mitigation pledges for 2020 under the Cancun Agreements
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COP-18 set out a work programme for the negoƟaƟons towards the 2015 agreement. 
One track provides for the elaboraƟon of the new agreement. A second track aims to 
increase miƟgaƟon ambiƟon in the short term, a vital element of success, as to postpone 
further acƟon unƟl 2020 could be regarded as pushing beyond plausible poliƟcal limits the 
scale and cost of acƟon required aŌer that date (see Chapter 2 for key opportuniƟes for 
addiƟonal climate acƟon unƟl 2020, and Chapter 3 for an analysis of the cost of delay). The 
architecture of the new agreement is yet to be agreed: it is unlikely to resemble the highly-

013-042 Chapter1_Climate Excerpt.indd   19 30/05/13   12:24

Global political 
actions
Kyoto, 1992. Developed nations 
reduce from 1990 emissions

Came into force 2005. Renewed

Some pledges at Cancun 2010
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Figure 1.6 ٲ Current and proposed emissions trading schemes
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This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.
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REGIONAL & NATIONAL EMISSIONS TRADING SCHEMES
TAKEN FROM “REDRAWING THE ENERGY-CLIMATE MAP” - INTERNATIONAL ENERGY AUTHORITY



International Energy Agency’s “4 for 2ºC”
©

 O
EC

D
/I

EA
, 2

01
3

Chapter 2 | Energy policies to keep the 2 °C target alive 51

2

1

3

4

The assumed policy measures go a long way toward closing the gap between expected 

emissions levels in 2020 on the basis of present government intenƟons, as modelled in the 

New Policies Scenario, and those required to achieve the 2 °C target (the 450 Scenario). 

They avoid 80% of the diīerence in emissions levels. Nonetheless, a gap of around 770 Mt 

sƟll remains, indicaƟng that yet more stringent measures will be required aŌer 2020 in 

order ulƟmately to meet the 2 °C goal.

Figure 2.2 ٲ  Change in world energy-related CO2 and CH4 emissions by 
policy measure in the 4-for-2 °C Scenario
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More than 70% of abatement occurs in non-OECD countries, where projected demand for 

energy in 2020 is around 480 million tonnes of oil equivalent (Mtoe) (or 5%) lower than 

in the New Policies Scenario (Figure 2.3). China alone is responsible for more than one-

quarter of the global emissions savings from these measures in 2020, resulƟng from the 

signiĮcant scope to reduce emissions that accompanies its rapidly rising energy demand, 

large potenƟal to further improve energy eĸciency and heavy reliance on coal-Įred 

power generaƟon. The Middle East (9% share of savings in 2020) and India (9%) together 

account for almost one-ĮŌh of the savings, driven primarily by fossil-fuel subsidy reform 

and reduced upstream methane emissions in the former and eĸciency improvements and 

changes in the power generaƟon mix in the laƩer. Although energy eĸciency policy plays 

an important role in the Middle East too, it is the assumed enhanced phase-out of fossil-

fuel subsidies that encourages its realisaƟon, as this reduces the payback period of more 

eĸcient technologies to the necessary extent to make eĸciency policy viable.

8

 OECD 

countries see a smaller share of the savings at below 30%, although the United States 

(13% share of savings in 2020) is the second-largest contributor to emissions reducƟons, 

8.ഩ For example, given heavily subsidised low petrol prices in Saudi Arabia, the payback period for a car that 

consumes half as much fuel per 100 kilometres as today ͛s average car is currently close to twenty years.

043-082 Chapter2_Climate Excerpt.indd   51 30/05/13   12:25

!

1. Adopting specific energy efficiency measures (49% of the emissions savings).


2. Limiting the construction and use of the least efficient coal power plants (21%). 


3. Minimising methane emissions from upstream oil and gas production (18%). 


4. Accelerating the (partial) phase-out of fossil-fuel subsidies (12%)



28

SPM

Summary for Policymakers

Figure SPM.9 | Change in annual investment fl ows from the average baseline level over the next two decades (2010 – 2029) for mitigation scenarios that stabilize concentrations 
within the range of approximately 430 – 530 ppm CO2eq by 2100. Investment changes are based on a limited number of model studies and model comparisons. Total electricity gen-
eration (leftmost column) is the sum of renewables, nuclear, power plants with CCS and fossil fuel power plants without CCS. The vertical bars indicate the range between minimum 
and maximum estimate; the horizontal bar indicates the median. Proximity to this median value does not imply higher likelihood because of the different degree of aggregation of 
model results, the low number of studies available and different assumptions in the different studies considered. The numbers in the bottom row show the total number of stud-
ies in the literature used for the assessment. This underscores that investment needs are still an evolving area of research that relatively few studies have examined. [Figure 16.3] 
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There has been a considerable increase in national and sub-national mitigation plans and strategies since AR4. 
In 2012, 67 % of global GHG emissions were subject to national legislation or strategies versus 45 % in 2007. However, 
there has not yet been a substantial deviation in global emissions from the past trend [Figure 1.3c]. These plans and 
strategies are in their early stages of development and implementation in many countries, making it diffi cult to assess their 
aggregate impact on future global emissions (medium evidence, high agreement). [14.3.4, 14.3.5, 15.1, 15.2]

Since AR4, there has been an increased focus on policies designed to integrate multiple objectives, increase 
co-benefi ts and reduce adverse side-effects (high confi dence). Governments often explicitly reference co-benefi ts in 
climate and sectoral plans and strategies. The scientifi c literature has sought to assess the size of co-benefi ts (see Section 
SPM.4.1) and the greater political feasibility and durability of policies that have large co-benefi ts and small adverse side-
effects. [4.8, 5.7, 6.6, 13.2, 15.2] Despite the growing attention in policymaking and the scientifi c literature since AR4, the 
analytical and empirical underpinnings for understanding many of the interactive effects are under-developed [1.2, 3.6.3, 
4.2, 4.8, 5.7, 6.6].

Energy Investment

Investments are needed now to alter climate pathway

AR5 
WG3 
SPM 
FIG 9
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Figure 6.5 a. Baseline-climate scenario, with market impacts and the 

risk of catastrophe. 
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Figure 6.5b. High-climate scenario, with market impacts and the risk of 

catastrophe. 
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Figure 6.5c. High-climate scenario, with market impacts, the risk of 

catastrophe and non-market impacts. 
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Figure 6.5d. Combined scenarios.  
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Figure 6.5a-d traces losses in income per capita due to climate change over the next 200 years, according to three of our main scenarios of climate change 
and economic impacts. The mean loss is shown in a colour matching the scenarios of Figure 6.4. The range of estimates from the 5th to the 95th percentile is 
shaded grey. 
 

Economics & Climate
Motivate action


What are the costs of 
climate change?


Is it cheaper to fix than 
live with?


Answer depends on 
assumptions


e.g. discount rates, 
catastrophe extremes

Nordhaus: A Review of the Stern Review 699 
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Figure 1. Optimal Carbon Tax in Alternative Runs 

Note: This shows the calculated optimal carbon tax, or price that equilibrates the marginal cost of damages with the 

marginal cost of emissions, in the different runs. These numbers are slightly below the estimated social cost of carbon 
for the uncontrolled runs. Figures are 2005 U.S. international prices per ton carbon. To get prices per ton of carbon 
dioxide, the number should be divided by 3.67. The period is the decade centered on the year shown. 

very sharp initial emissions reductions. The 

climate-policy ramp flattens out. 
One of the problems with run 2 is that it 

generates real returns that are too low and 

savings rates that too high as compared with 
actual market data. We correct this with run 
3, optimal climate change with zero discount 
rate and recalibrated consumption elasticity. 
This run draws on the Ramsey equation; it 

keeps the near-zero time discount rate and 

calibrates the consumption elasticity to 
match observable variables. This calibration 

yields parameters of p = 0.1 percent per year 
and a =3. The calibration produces a real 
return on capital for the first eight periods of 
5.6 percent per year for run 3 as compared 

with an average for run 1 of 5.5 percent per 
year. Run 2 (the Review run) has a real return 
of 2.0 percent per year over the period. 

Run 3 looks very similar to run 1, the stan 
dard DICE-2007 model optimal policy. The 

optimal carbon price for run 3 in 2015 is $36, 
which is slightly above run Is $35 per ton C. 
The recalibrated run looks nothing like run 2, 
which reflects the Review's assumptions. 
How can it be that run 3, with a near-zero 
time discount rate, looks so much like run 1? 

The reason is that run 3 is calibrated to that 
ensure it produces the market return to cap 
ital. This calibration removes, for the near 
term at least, the cost-benefit dilemmas as 

well as the savings and uncertainty problems 
discussed above. 

Figures 1 and 2 show the time paths of 
interest rates and optimal carbon taxes 
under the three runs examined here. These 

figures illustrate the point that it is not the 
time discount rate itself which determines 
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Working	  Group	  III	  contribution	  to	  the	  IPCC	  
Fifth	  Assessment	  Report

Estimates for mitigation costs vary widely.

• Reaching 450ppm CO2eq entails consumption losses of 1.7% 
(1%-4%) by 2030, 3.4% (2% to 6%) by 2050 and 4.8% 
(3%-11%) by 2100 relative to baseline (which grows between 
300% to 900% over the course of the century). 

• This is equivalent to a reduction in consumption growth over 
the 21st century by about 0.06 (0.04-0.14) percentage points a 
year (relative to annualized consumption growth that is 
between 1.6% and 3% per year). 

• Cost estimates exclude benefits of mitigation (reduced 
impacts from climate change). They also exclude other 
benefits (e.g. improvements for local air quality). 

• Cost estimates are based on a series of assumptions.
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Figure 6.5 a. Baseline-climate scenario, with market impacts and the 

risk of catastrophe. 
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Figure 6.5b. High-climate scenario, with market impacts and the risk of 

catastrophe. 
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Figure 6.5c. High-climate scenario, with market impacts, the risk of 

catastrophe and non-market impacts. 
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Figure 6.5d. Combined scenarios.  

 

-5.3
-7.3

-13.8

-40

-35

-30

-25

-20

-15

-10

-5

0
2000 2050 2100 2150 2200

%
 lo

ss
 in

 G
D

P
 p

er
 c

ap
ita

High Climate, market impacts + risk of catastrophe + 
non-market impacts

Baseline Climate, market impacts + risk of catastrophe

High Climate, market impacts + risk of catastrophe

 
Figure 6.5a-d traces losses in income per capita due to climate change over the next 200 years, according to three of our main scenarios of climate change 
and economic impacts. The mean loss is shown in a colour matching the scenarios of Figure 6.4. The range of estimates from the 5th to the 95th percentile is 
shaded grey. 
 

Economics & Climate
Devise action


What is the best method 
to reduce emission?


Carbon tax


Cap & trade


Air travel levies


What to do with profits? 
Climate dividend

Nordhaus: A Review of the Stern Review 699 
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Figure 1. Optimal Carbon Tax in Alternative Runs 

Note: This shows the calculated optimal carbon tax, or price that equilibrates the marginal cost of damages with the 

marginal cost of emissions, in the different runs. These numbers are slightly below the estimated social cost of carbon 
for the uncontrolled runs. Figures are 2005 U.S. international prices per ton carbon. To get prices per ton of carbon 
dioxide, the number should be divided by 3.67. The period is the decade centered on the year shown. 

very sharp initial emissions reductions. The 

climate-policy ramp flattens out. 
One of the problems with run 2 is that it 

generates real returns that are too low and 

savings rates that too high as compared with 
actual market data. We correct this with run 
3, optimal climate change with zero discount 
rate and recalibrated consumption elasticity. 
This run draws on the Ramsey equation; it 

keeps the near-zero time discount rate and 

calibrates the consumption elasticity to 
match observable variables. This calibration 

yields parameters of p = 0.1 percent per year 
and a =3. The calibration produces a real 
return on capital for the first eight periods of 
5.6 percent per year for run 3 as compared 

with an average for run 1 of 5.5 percent per 
year. Run 2 (the Review run) has a real return 
of 2.0 percent per year over the period. 

Run 3 looks very similar to run 1, the stan 
dard DICE-2007 model optimal policy. The 

optimal carbon price for run 3 in 2015 is $36, 
which is slightly above run Is $35 per ton C. 
The recalibrated run looks nothing like run 2, 
which reflects the Review's assumptions. 
How can it be that run 3, with a near-zero 
time discount rate, looks so much like run 1? 

The reason is that run 3 is calibrated to that 
ensure it produces the market return to cap 
ital. This calibration removes, for the near 
term at least, the cost-benefit dilemmas as 

well as the savings and uncertainty problems 
discussed above. 

Figures 1 and 2 show the time paths of 
interest rates and optimal carbon taxes 
under the three runs examined here. These 

figures illustrate the point that it is not the 
time discount rate itself which determines 
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Unburned Carbon 2013
Recent report by LSE and 
Carbontracker


Taking these numbers and 
comparing to listed company 
reserves


Listed companies have quarter 
of all global reserves


Suggests fossil fuel corps wildly 
overvalued, as big proportion of 
their reserves unburnable!


Tool to request your pension 
fund divest from fossil fuels:

Comparison of listed reserves 
to 80% probability pro-rata carbon budget 

Comparison of listed reserves 
to 50% probability pro-rata carbon budget 
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2.2 Comparing listed reserves to 
carbon budgets
Listed coal, oil and gas assets that are already 
developed are nearly equivalent to the 80% 2°C 
budget to 2050 of 900GtCO2. As we know, the majority 
of reserves are held by state owned entities. If listed 
companies develop all of the assets they have an 
interest in, these potential reserves would exceed the 
budget to 2050 to give only a 50% chance of achieving 
the 2DS of 1075GtCO2.

Listed companies’ share of the budget

Given that listed companies own around a quarter 
of total reserves (which are equivalent to 2860GtCO2), 
their proportional share of the carbon budgets 
is nowhere near that required to utilise all their 
reserves. This shows that there is a very limited 
budget remaining for listed reserves if we want to 
have a high likelihood of limiting temperatures to the 
lower range as outlined at the international climate 
negotiations. This means that an estimated 65-80% 
of listed companies’ current reserves cannot be burnt 
unmitigated. 

This confirms that the planned activities of just the 
listed extractives companies are enough to go beyond 
having a 50% of achieving a 3DS, without adding in 
state-owned assets. The additional emissions required 
to take us beyond a 2DS to a 2.5DS and then a 3DS 
are relatively small increases. 

If listed companies are allocated 
a pro-rata share of the budget 
– 25% - this leaves them with 
a major carbon budget deficit 
compared to their reserves.
  
 

http://www.shareaction.org/carbonbubble-faqs


Corporate action: NHS inhalers
NHS emits as much CO2e as 
Estonia


Majority of footprint is in 
procurement


HFCs contained in inhalers 
(instead of CFCs)


These are equivalent to 8% of 
NHS emissions


It will move to dry-powder 
inhalers (little health cost)

HILLMAN ET AL., 2013, BMJ
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Sustainable health and social care

Figure 2 NHS England carbon dioxide emissions profile for 2010 

Source: NHS Sustainable Development Unit 2012

Figure 3 NHS England procurement-related carbon dioxide emissions in 2010 

Source: NHS Sustainable Development Unit 2012

Research evidence further demonstrates the scale of the environmental impacts related to 
health care in the United Kingdom. These include the following.

� The NHS in England consumes 39 billion litres of water and produces 26 billion litres 
of sewage each year (Department of Health 2008a) – enough to fill Wembley stadium 
every 16 days. 
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Win-win options
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ĂŶĚ�ŶĞĂƌͲƚĞƌŵ�ĐůŝŵĂƚĞ�ƉƌŽƚĞĐƟŽŶ͘�dŚĞƐĞ�ŵĞĂƐƵƌĞƐ�
ĐĂŶ�ĂĐĐŽŵƉůŝƐŚ�ĂďŽƵƚ�ϯϴ�ƉĞƌ�ĐĞŶƚ�ƌĞĚƵĐƟŽŶ�ŽĨ�ŐůŽďĂů�
ŵĞƚŚĂŶĞ�ĞŵŝƐƐŝŽŶƐ�ĂŶĚ�ĂƌŽƵŶĚ�ϳϳ�ƉĞƌ�ĐĞŶƚ�ŽĨ�ďůĂĐŬ�
ĐĂƌďŽŶ�ĞŵŝƐƐŝŽŶƐ͕�ŝĨ�ŝŵƉůĞŵĞŶƚĞĚ�ďĞƚǁĞĞŶ�ŶŽǁ�ĂŶĚ�
ϮϬϯϬ͕�ƌĞůĂƟǀĞ�ƚŽ�Ă�ϮϬϯϬ�͚ƌĞĨĞƌĞŶĐĞ͛�ĞŵŝƐƐŝŽŶ�ƐĐĞŶĂƌŝŽ͘�
dŚĞ�͚ƌĞĨĞƌĞŶĐĞ͛�ƐĐĞŶĂƌŝŽ�ŝƐ�ďĂƐĞĚ�ŽŶ�Ă�͚ďƵƐŝŶĞƐƐͲĂƐͲƵƐƵĂů͛�
ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ƉƌŽũĞĐƟŽŶ�ĂŶĚ�ĚŽĞƐ�ŶŽƚ�ŝŶĐůƵĚĞ�ĂŶǇ�ŶĞǁ�
ůĞŐŝƐůĂƟŽŶ�ƌĞůĞǀĂŶƚ�ƚŽ�^>�&�ĞŵŝƐƐŝŽŶƐ�ďĞǇŽŶĚ�ƚŚĂƚ�ĂůƌĞĂĚǇ�
ĂŐƌĞĞĚ͘�dŚĞƐĞ�ϭϲ�ŵĞĂƐƵƌĞƐ�ĨŽƌŵ�Ă�ƐƚƌŽŶŐ�ƐƚĂƌƟŶŐ�ƉŽŝŶƚ�
ĨŽƌ�ƚŚĞ�ƌĞĚƵĐƟŽŶ�ŽĨ�^>�&�ŝŵƉĂĐƚƐ�ŝŶ�Ăůů�ƌĞŐŝŽŶƐ͕�ĂůƚŚŽƵŐŚ�
ĂĚĚŝƟŽŶĂů�ŵĞĂƐƵƌĞƐ�ŵĂǇ�ďĞ�ŵŽƌĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ŝŶ�ƐƉĞĐŝĮĐ�
ĐŝƌĐƵŵƐƚĂŶĐĞƐ͘�dŚĞ�ďĞŶĞĮƚƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�
ƉĂƌĂŐƌĂƉŚƐ�ĂƐƐƵŵĞ�ƚŚĂƚ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ǁŝůů�ďĞ�ĨƵůůǇ�
ŝŵƉůĞŵĞŶƚĞĚ�ǁŽƌůĚǁŝĚĞ�ďǇ�ϮϬϯϬ͕�ƐƚĂƌƟŶŐ�ŝŵŵĞĚŝĂƚĞůǇ͘�

dŚĞ�Ăŝƌ�ƋƵĂůŝƚǇ�ďĞŶĞĮƚƐ�ŽĨ�ƐŚŽƌƚͲůŝǀĞĚ�ĐůŝŵĂƚĞ�
ĨŽƌĐĞƌ�ŵŝƟŐĂƟŽŶ

�ŽŶĮĚĞŶĐĞ�ŝƐ�ŚŝŐŚ�ƚŚĂƚ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ǁŽƵůĚ�
ƉƌŽǀŝĚĞ�ƐƵďƐƚĂŶƟĂů�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ͘�dŚĞ�ƌĞĚƵĐƟŽŶ�
ŝŶ�ŽƵƚĚŽŽƌ�ƉĂƌƟĐƵůĂƚĞ�Ăŝƌ�ƉŽůůƵƟŽŶ�ĨƌŽŵ�ŚĂǀŝŶŐ�ĨƵůůǇ�
ŝŵƉůĞŵĞŶƚĞĚ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ďǇ�ϮϬϯϬ�ǁŽƵůĚ�ĂǀŽŝĚ�ĂŶ�

ĞƐƟŵĂƚĞĚ�Ϯ͘ϰ�ŵŝůůŝŽŶ�;ƌĂŶŐĞ�Ϭ͘ϳʹϰ͘ϲ�ŵŝůůŝŽŶͿϯ�ƉƌĞŵĂƚƵƌĞ�
ĚĞĂƚŚƐ�ĂŶŶƵĂůůǇ͘�/ƚ�ǁŽƵůĚ�ĂůƐŽ�ŐƌĞĂƚůǇ�ƌĞĚƵĐĞ�ŝŵƉĂĐƚƐ�
ŽŶ�ŚĞĂůƚŚ�ĨƌŽŵ�ŝŶĚŽŽƌ�ĞǆƉŽƐƵƌĞƐ͘�dŚĞ�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ�
ŽĨ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ĐŽŵĞ�ĨƌŽŵ�ƌĞĚƵĐĞĚ�ĞǆƉŽƐƵƌĞ�ƚŽ�ĮŶĞ�
ƉĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ�;WDϮ͘ϱͿ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ƌĞĚƵĐƟŽŶƐ�
ŝŶ�ďůĂĐŬ�ĐĂƌďŽŶ�ĂŶĚ�ŽƚŚĞƌ�ƉĂƌƟĐůĞ�ĞŵŝƐƐŝŽŶƐ͘��ĞĐĂƵƐĞ�
ƉĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ�ŝƐ�ƌĞĚƵĐĞĚ�ƌĂƉŝĚůǇ�ĂŌĞƌ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�
ŚĂǀĞ�ďĞĞŶ�ŝŵƉůĞŵĞŶƚĞĚ͕�ƚŚĞ�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ�ǁŝůů�ĂůƐŽ�ďĞ�
ĨĞůƚ�ŝŵŵĞĚŝĂƚĞůǇ͘��ƵĞ�ƚŽ�ƚŚĞ�ǀĞƌǇ�ŚŝŐŚ�ƉĂƌƟĐƵůĂƚĞͲŵĂƩĞƌ�
ďƵƌĚĞŶ�ŝŶ��ƐŝĂ͕�ƚŚĞ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ĐŽƵůĚ�ƉƌĞǀĞŶƚ�
Ă�ŐƌĞĂƚĞƌ�ŶƵŵďĞƌ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ŝŶ�ƚŚŝƐ�ƌĞŐŝŽŶ�ƚŚĂŶ�
ĞůƐĞǁŚĞƌĞ�;&ŝŐƵƌĞ��^ͲϭͿ�ǁŝƚŚ�ƚŚĞ�ŶĞǆƚ�ŚŝŐŚĞƐƚ�ďĞŶĞĮƚ�
ůŝŬĞůǇ�ƚŽ�ďĞ�ĂĐŚŝĞǀĞĚ�ŝŶ��ĨƌŝĐĂ͘�,ĞĂůƚŚ�ďĞŶĞĮƚƐ�ŝŶ�ƚŚĞƐĞ�
ƚǁŽ�ƌĞŐŝŽŶƐ�ĂƌĞ�ŵĂŝŶůǇ�ĂĐŚŝĞǀĞĚ�ďǇ�ĐŽŶƚƌŽůůŝŶŐ�ďŝŽŵĂƐƐ�
ĐŽŽŬƐƚŽǀĞ�ĂŶĚ�ƚƌĂŶƐƉŽƌƚ�ĞŵŝƐƐŝŽŶƐ͘��

�ŽŶĮĚĞŶĐĞ�ŝƐ�ĂůƐŽ�ŚŝŐŚ�ƚŚĂƚ�ĐŽŶƚƌŽůůŝŶŐ�ŵĞƚŚĂŶĞ�
ĞŵŝƐƐŝŽŶƐ�ĂŶĚ�ŽǌŽŶĞ�ƉƌĞĐƵƌƐŽƌ�ĞŵŝƐƐŝŽŶƐ�ďǇ 
ŝŵƉůĞŵĞŶƟŶŐ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ǁŽƵůĚ�ƌĞĚƵĐĞ�ŽǌŽŶĞ�
ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĂŶĚ�ŝƚƐ�ŝŵƉĂĐƚƐ�ŽŶ�ĐƌŽƉƐ͘�/ŵƉůĞŵĞŶƟŶŐ�Ăůů�
ϭϲ�ŵĞĂƐƵƌĞƐ�ǁŽƵůĚ�ĂǀŽŝĚ�ĂŶŶƵĂů�ůŽƐƐĞƐ�ĨƌŽŵ�ĨŽƵƌ�ŵĂũŽƌ�
ĐƌŽƉƐ�ŽĨ�ĂďŽƵƚ�ϯϮ�ŵŝůůŝŽŶ�ƚŽŶŶĞƐ�;ƌĂŶŐĞ�ŽĨ�ϮϭͲϱϳ�ŵŝůůŝŽŶ�

&ŝŐƵƌĞ��^Ͳϭ͗�dŚĞ�ĂŶŶƵĂů�ƌĞĚƵĐƟŽŶ�ŝŶ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨƌŽŵ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ŝŶ�ĞĂĐŚ�ƌĞŐŝŽŶ�ŝŶ�
ϮϬϯϬ͘��dŚĞ�ƉĞƌĐĞŶƚĂŐĞ�ŐŝǀĞŶ�ĂďŽǀĞ�ĞĂĐŚ�ďĂƌ�ŝŶĚŝĐĂƚĞƐ�ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ĂǀŽŝĚĞĚ�ĚĞĂƚŚƐ�ĨƌŽŵ�ŝŶŚĂůĂƟŽŶ�ŽĨ�ŽƵƚĚŽŽƌ�Ăŝƌ�ƉŽůůƵƟŽŶ�ƉĂƌƟĐůĞƐ�
ǁŝƚŚŝŶ�ƚŚĞ�ƌĞŐŝŽŶ�ƚŚĂƚ�ŝŵƉůĞŵĞŶƚƐ�ƚŚĞ�ŵĞĂƐƵƌĞƐ͘�sĞƌƟĐĂů�ŐƌĞǇ�ďĂƌƐ�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ƌĂŶŐĞ�ŝŶ�ƚŚĞ�ŵŽƌƚĂůŝƚǇ�ĮŐƵƌĞƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�
ƵŶĐĞƌƚĂŝŶƚǇ�ŝŶ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ�ƌĞůĂƟŽŶƐŚŝƉƐ

ϯ͘�dŚĞ�ƌĂŶŐĞƐ�ĨŽƌ�ŚĞĂůƚŚ�ĂŶĚ�ĐƌŽƉƐ�ƌĞŇĞĐƚ�ƚŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ŝŶ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ�ƌĞůĂƟŽŶƐŚŝƉƐ�ĂůŽŶĞ�ĂŶĚ�ŶŽƚ�ƵŶĐĞƌƚĂŝŶƟĞƐ�ŝŶ�ƚŚĞ�ĞƐƟŵĂƟŽŶ�ŽĨ�
ĐŽŶĐĞŶƚƌĂƟŽŶƐ͘�

Ban of open burning of agricultural 
residue

�ĚĚŝƟŽŶĂů�ƌĞĚƵĐƟŽŶ�ĨƌŽŵ��ƵƌŽͲϲͬs/�
ǀĞŚŝĐůĞ�ƐƚĂŶĚĂƌĚƐ�;ŝŶĐůƵĚŝŶŐ��W&Ϳ�ĂŌĞƌ�
ĞůŝŵŝŶĂƟŽŶ�ŽĨ�ŚŝŐŚͲĞŵŝƩĞƌƐ

�ůŝŵŝŶĂƟŽŶ�ŽĨ�ŚŝŐŚͲĞŵŝƫŶŐ�ǀĞŚŝĐůĞƐ

ZĞƉůĂĐĞ�ůƵŵƉ�ĐŽĂů�ǁŝƚŚ�ĐŽĂů�ďƌŝƋƵĞƩĞƐ�
ŝŶ�ĐŽŽŬŝŶŐ�ĂŶĚ�ŚĞĂƟŶŐ�ƐƚŽǀĞƐ

ZĞƉůĂĐĞ�ĐƵƌƌĞŶƚ�ƌĞƐŝĚĞŶƟĂů�ǁŽŽĚ�
ďƵƌŶŝŶŐ�ƚĞĐŚŶŽůŽŐŝĞƐ�ǁŝƚŚ�ƉĞůůĞƚ�ƐƚŽǀĞƐ�
and boilers (in industrialized countries)

^ǁŝƚĐŚ�ĨƌŽŵ�ƚƌĂĚŝƟŽŶĂů�ďŝŽŵĂƐƐ�ĐŽŽŬͲ
stoves to stoves fueled by LPG or biogas 
Žƌ�ƚŽ�ĨĂŶͲĂƐƐŝƐƚĞĚ�ďŝŽŵĂƐƐ�ƐƚŽǀĞƐ��;ŝŶ�
developing countries)

ZĞƉůĂĐĞ�ƚƌĂĚŝƟŽŶĂů�ĐŽŬĞ�ŽǀĞŶƐ�ǁŝƚŚ�
ŵŽĚĞƌŶ�ƌĞĐŽǀĞƌǇ�ŽǀĞŶƐ�

ZĞƉůĂĐĞ�ƚƌĂĚŝƟŽŶĂů�ďƌŝĐŬ�ŬŝůŶƐ�ǁŝƚŚ�
ǀĞƌƟĐĂů�ƐŚĂŌ�ŬŝůŶƐ�
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Africa >ĂƟŶ��ŵĞƌŝĐĂ 
and Caribbean

EŽƌƚŚ��ŵĞƌŝĐĂ
ĂŶĚ��ƵƌŽƉĞ

EŽƌƚŚ��ĂƐƚ��ƐŝĂ͕�
^ŽƵƚŚ��ĂƐƚ��ƐŝĂ
ĂŶĚ�WĂĐŝĮĐ

^ŽƵƚŚ͕�tĞƐƚ�ĂŶĚ�
Central Asia

ϵϯй�ŝŶ�
region

ϴϳй�ŝŶ�
region

ϵϱй�ŝŶ�
region

ϵϴй�ŝŶ�
region

ϵϵй�ŝŶ�
region

ǆŝŝ  E��Zͳd�ZD��>/D�d��WZKd��d/KE��E���>��E��/Z���E�&/d^�ʹ��y��hd/s��^hDD�Zz

ĂŶĚ�ŶĞĂƌͲƚĞƌŵ�ĐůŝŵĂƚĞ�ƉƌŽƚĞĐƟŽŶ͘�dŚĞƐĞ�ŵĞĂƐƵƌĞƐ�
ĐĂŶ�ĂĐĐŽŵƉůŝƐŚ�ĂďŽƵƚ�ϯϴ�ƉĞƌ�ĐĞŶƚ�ƌĞĚƵĐƟŽŶ�ŽĨ�ŐůŽďĂů�
ŵĞƚŚĂŶĞ�ĞŵŝƐƐŝŽŶƐ�ĂŶĚ�ĂƌŽƵŶĚ�ϳϳ�ƉĞƌ�ĐĞŶƚ�ŽĨ�ďůĂĐŬ�
ĐĂƌďŽŶ�ĞŵŝƐƐŝŽŶƐ͕�ŝĨ�ŝŵƉůĞŵĞŶƚĞĚ�ďĞƚǁĞĞŶ�ŶŽǁ�ĂŶĚ�
ϮϬϯϬ͕�ƌĞůĂƟǀĞ�ƚŽ�Ă�ϮϬϯϬ�͚ƌĞĨĞƌĞŶĐĞ͛�ĞŵŝƐƐŝŽŶ�ƐĐĞŶĂƌŝŽ͘�
dŚĞ�͚ƌĞĨĞƌĞŶĐĞ͛�ƐĐĞŶĂƌŝŽ�ŝƐ�ďĂƐĞĚ�ŽŶ�Ă�͚ďƵƐŝŶĞƐƐͲĂƐͲƵƐƵĂů͛�
ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ƉƌŽũĞĐƟŽŶ�ĂŶĚ�ĚŽĞƐ�ŶŽƚ�ŝŶĐůƵĚĞ�ĂŶǇ�ŶĞǁ�
ůĞŐŝƐůĂƟŽŶ�ƌĞůĞǀĂŶƚ�ƚŽ�^>�&�ĞŵŝƐƐŝŽŶƐ�ďĞǇŽŶĚ�ƚŚĂƚ�ĂůƌĞĂĚǇ�
ĂŐƌĞĞĚ͘�dŚĞƐĞ�ϭϲ�ŵĞĂƐƵƌĞƐ�ĨŽƌŵ�Ă�ƐƚƌŽŶŐ�ƐƚĂƌƟŶŐ�ƉŽŝŶƚ�
ĨŽƌ�ƚŚĞ�ƌĞĚƵĐƟŽŶ�ŽĨ�^>�&�ŝŵƉĂĐƚƐ�ŝŶ�Ăůů�ƌĞŐŝŽŶƐ͕�ĂůƚŚŽƵŐŚ�
ĂĚĚŝƟŽŶĂů�ŵĞĂƐƵƌĞƐ�ŵĂǇ�ďĞ�ŵŽƌĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ŝŶ�ƐƉĞĐŝĮĐ�
ĐŝƌĐƵŵƐƚĂŶĐĞƐ͘�dŚĞ�ďĞŶĞĮƚƐ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�
ƉĂƌĂŐƌĂƉŚƐ�ĂƐƐƵŵĞ�ƚŚĂƚ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ǁŝůů�ďĞ�ĨƵůůǇ�
ŝŵƉůĞŵĞŶƚĞĚ�ǁŽƌůĚǁŝĚĞ�ďǇ�ϮϬϯϬ͕�ƐƚĂƌƟŶŐ�ŝŵŵĞĚŝĂƚĞůǇ͘�

dŚĞ�Ăŝƌ�ƋƵĂůŝƚǇ�ďĞŶĞĮƚƐ�ŽĨ�ƐŚŽƌƚͲůŝǀĞĚ�ĐůŝŵĂƚĞ�
ĨŽƌĐĞƌ�ŵŝƟŐĂƟŽŶ

�ŽŶĮĚĞŶĐĞ�ŝƐ�ŚŝŐŚ�ƚŚĂƚ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ǁŽƵůĚ�
ƉƌŽǀŝĚĞ�ƐƵďƐƚĂŶƟĂů�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ͘�dŚĞ�ƌĞĚƵĐƟŽŶ�
ŝŶ�ŽƵƚĚŽŽƌ�ƉĂƌƟĐƵůĂƚĞ�Ăŝƌ�ƉŽůůƵƟŽŶ�ĨƌŽŵ�ŚĂǀŝŶŐ�ĨƵůůǇ�
ŝŵƉůĞŵĞŶƚĞĚ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ďǇ�ϮϬϯϬ�ǁŽƵůĚ�ĂǀŽŝĚ�ĂŶ�

ĞƐƟŵĂƚĞĚ�Ϯ͘ϰ�ŵŝůůŝŽŶ�;ƌĂŶŐĞ�Ϭ͘ϳʹϰ͘ϲ�ŵŝůůŝŽŶͿϯ�ƉƌĞŵĂƚƵƌĞ�
ĚĞĂƚŚƐ�ĂŶŶƵĂůůǇ͘�/ƚ�ǁŽƵůĚ�ĂůƐŽ�ŐƌĞĂƚůǇ�ƌĞĚƵĐĞ�ŝŵƉĂĐƚƐ�
ŽŶ�ŚĞĂůƚŚ�ĨƌŽŵ�ŝŶĚŽŽƌ�ĞǆƉŽƐƵƌĞƐ͘�dŚĞ�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ�
ŽĨ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ĐŽŵĞ�ĨƌŽŵ�ƌĞĚƵĐĞĚ�ĞǆƉŽƐƵƌĞ�ƚŽ�ĮŶĞ�
ƉĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ�;WDϮ͘ϱͿ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ƌĞĚƵĐƟŽŶƐ�
ŝŶ�ďůĂĐŬ�ĐĂƌďŽŶ�ĂŶĚ�ŽƚŚĞƌ�ƉĂƌƟĐůĞ�ĞŵŝƐƐŝŽŶƐ͘��ĞĐĂƵƐĞ�
ƉĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ�ŝƐ�ƌĞĚƵĐĞĚ�ƌĂƉŝĚůǇ�ĂŌĞƌ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�
ŚĂǀĞ�ďĞĞŶ�ŝŵƉůĞŵĞŶƚĞĚ͕�ƚŚĞ�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ�ǁŝůů�ĂůƐŽ�ďĞ�
ĨĞůƚ�ŝŵŵĞĚŝĂƚĞůǇ͘��ƵĞ�ƚŽ�ƚŚĞ�ǀĞƌǇ�ŚŝŐŚ�ƉĂƌƟĐƵůĂƚĞͲŵĂƩĞƌ�
ďƵƌĚĞŶ�ŝŶ��ƐŝĂ͕�ƚŚĞ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ĐŽƵůĚ�ƉƌĞǀĞŶƚ�
Ă�ŐƌĞĂƚĞƌ�ŶƵŵďĞƌ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ŝŶ�ƚŚŝƐ�ƌĞŐŝŽŶ�ƚŚĂŶ�
ĞůƐĞǁŚĞƌĞ�;&ŝŐƵƌĞ��^ͲϭͿ�ǁŝƚŚ�ƚŚĞ�ŶĞǆƚ�ŚŝŐŚĞƐƚ�ďĞŶĞĮƚ�
ůŝŬĞůǇ�ƚŽ�ďĞ�ĂĐŚŝĞǀĞĚ�ŝŶ��ĨƌŝĐĂ͘�,ĞĂůƚŚ�ďĞŶĞĮƚƐ�ŝŶ�ƚŚĞƐĞ�
ƚǁŽ�ƌĞŐŝŽŶƐ�ĂƌĞ�ŵĂŝŶůǇ�ĂĐŚŝĞǀĞĚ�ďǇ�ĐŽŶƚƌŽůůŝŶŐ�ďŝŽŵĂƐƐ�
ĐŽŽŬƐƚŽǀĞ�ĂŶĚ�ƚƌĂŶƐƉŽƌƚ�ĞŵŝƐƐŝŽŶƐ͘��

�ŽŶĮĚĞŶĐĞ�ŝƐ�ĂůƐŽ�ŚŝŐŚ�ƚŚĂƚ�ĐŽŶƚƌŽůůŝŶŐ�ŵĞƚŚĂŶĞ�
ĞŵŝƐƐŝŽŶƐ�ĂŶĚ�ŽǌŽŶĞ�ƉƌĞĐƵƌƐŽƌ�ĞŵŝƐƐŝŽŶƐ�ďǇ 
ŝŵƉůĞŵĞŶƟŶŐ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ǁŽƵůĚ�ƌĞĚƵĐĞ�ŽǌŽŶĞ�
ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĂŶĚ�ŝƚƐ�ŝŵƉĂĐƚƐ�ŽŶ�ĐƌŽƉƐ͘�/ŵƉůĞŵĞŶƟŶŐ�Ăůů�
ϭϲ�ŵĞĂƐƵƌĞƐ�ǁŽƵůĚ�ĂǀŽŝĚ�ĂŶŶƵĂů�ůŽƐƐĞƐ�ĨƌŽŵ�ĨŽƵƌ�ŵĂũŽƌ�
ĐƌŽƉƐ�ŽĨ�ĂďŽƵƚ�ϯϮ�ŵŝůůŝŽŶ�ƚŽŶŶĞƐ�;ƌĂŶŐĞ�ŽĨ�ϮϭͲϱϳ�ŵŝůůŝŽŶ�

&ŝŐƵƌĞ��^Ͳϭ͗�dŚĞ�ĂŶŶƵĂů�ƌĞĚƵĐƟŽŶ�ŝŶ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨƌŽŵ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ĚŝīĞƌĞŶƚ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ�ŝŶ�ĞĂĐŚ�ƌĞŐŝŽŶ�ŝŶ�
ϮϬϯϬ͘��dŚĞ�ƉĞƌĐĞŶƚĂŐĞ�ŐŝǀĞŶ�ĂďŽǀĞ�ĞĂĐŚ�ďĂƌ�ŝŶĚŝĐĂƚĞƐ�ƚŚĞ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ĂǀŽŝĚĞĚ�ĚĞĂƚŚƐ�ĨƌŽŵ�ŝŶŚĂůĂƟŽŶ�ŽĨ�ŽƵƚĚŽŽƌ�Ăŝƌ�ƉŽůůƵƟŽŶ�ƉĂƌƟĐůĞƐ�
ǁŝƚŚŝŶ�ƚŚĞ�ƌĞŐŝŽŶ�ƚŚĂƚ�ŝŵƉůĞŵĞŶƚƐ�ƚŚĞ�ŵĞĂƐƵƌĞƐ͘�sĞƌƟĐĂů�ŐƌĞǇ�ďĂƌƐ�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ƌĂŶŐĞ�ŝŶ�ƚŚĞ�ŵŽƌƚĂůŝƚǇ�ĮŐƵƌĞƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�
ƵŶĐĞƌƚĂŝŶƚǇ�ŝŶ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ�ƌĞůĂƟŽŶƐŚŝƉƐ

ϯ͘�dŚĞ�ƌĂŶŐĞƐ�ĨŽƌ�ŚĞĂůƚŚ�ĂŶĚ�ĐƌŽƉƐ�ƌĞŇĞĐƚ�ƚŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ŝŶ�ƚŚĞ�ĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ�ƌĞůĂƟŽŶƐŚŝƉƐ�ĂůŽŶĞ�ĂŶĚ�ŶŽƚ�ƵŶĐĞƌƚĂŝŶƟĞƐ�ŝŶ�ƚŚĞ�ĞƐƟŵĂƟŽŶ�ŽĨ�
ĐŽŶĐĞŶƚƌĂƟŽŶƐ͘�

Ban of open burning of agricultural 
residue

�ĚĚŝƟŽŶĂů�ƌĞĚƵĐƟŽŶ�ĨƌŽŵ��ƵƌŽͲϲͬs/�
ǀĞŚŝĐůĞ�ƐƚĂŶĚĂƌĚƐ�;ŝŶĐůƵĚŝŶŐ��W&Ϳ�ĂŌĞƌ�
ĞůŝŵŝŶĂƟŽŶ�ŽĨ�ŚŝŐŚͲĞŵŝƩĞƌƐ

�ůŝŵŝŶĂƟŽŶ�ŽĨ�ŚŝŐŚͲĞŵŝƫŶŐ�ǀĞŚŝĐůĞƐ

ZĞƉůĂĐĞ�ůƵŵƉ�ĐŽĂů�ǁŝƚŚ�ĐŽĂů�ďƌŝƋƵĞƩĞƐ�
ŝŶ�ĐŽŽŬŝŶŐ�ĂŶĚ�ŚĞĂƟŶŐ�ƐƚŽǀĞƐ

ZĞƉůĂĐĞ�ĐƵƌƌĞŶƚ�ƌĞƐŝĚĞŶƟĂů�ǁŽŽĚ�
ďƵƌŶŝŶŐ�ƚĞĐŚŶŽůŽŐŝĞƐ�ǁŝƚŚ�ƉĞůůĞƚ�ƐƚŽǀĞƐ�
and boilers (in industrialized countries)

^ǁŝƚĐŚ�ĨƌŽŵ�ƚƌĂĚŝƟŽŶĂů�ďŝŽŵĂƐƐ�ĐŽŽŬͲ
stoves to stoves fueled by LPG or biogas 
Žƌ�ƚŽ�ĨĂŶͲĂƐƐŝƐƚĞĚ�ďŝŽŵĂƐƐ�ƐƚŽǀĞƐ��;ŝŶ�
developing countries)

ZĞƉůĂĐĞ�ƚƌĂĚŝƟŽŶĂů�ĐŽŬĞ�ŽǀĞŶƐ�ǁŝƚŚ�
ŵŽĚĞƌŶ�ƌĞĐŽǀĞƌǇ�ŽǀĞŶƐ�

ZĞƉůĂĐĞ�ƚƌĂĚŝƟŽŶĂů�ďƌŝĐŬ�ŬŝůŶƐ�ǁŝƚŚ�
ǀĞƌƟĐĂů�ƐŚĂŌ�ŬŝůŶƐ�
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Africa >ĂƟŶ��ŵĞƌŝĐĂ 
and Caribbean

EŽƌƚŚ��ŵĞƌŝĐĂ
ĂŶĚ��ƵƌŽƉĞ

EŽƌƚŚ��ĂƐƚ��ƐŝĂ͕�
^ŽƵƚŚ��ĂƐƚ��ƐŝĂ
ĂŶĚ�WĂĐŝĮĐ

^ŽƵƚŚ͕�tĞƐƚ�ĂŶĚ�
Central Asia

ϵϯй�ŝŶ�
region

ϴϳй�ŝŶ�
region

ϵϱй�ŝŶ�
region

ϵϴй�ŝŶ�
region

ϵϵй�ŝŶ�
region

�y��hd/s��^hDD�Zz�ʹ�E��Zͳd�ZD��>/D�d��WZKd��d/KE��E���>��E��/Z���E�&/d^  ǆŝŝŝ  

ƚŽŶŶĞƐͿ�ĞĂĐŚ�ǇĞĂƌ�ĂŌĞƌ�ϮϬϯϬ�ǁŚĞŶ�Ăůů�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ŚĂǀĞ�
ďĞĞŶ�ŝŵƉůĞŵĞŶƚĞĚ�;ŶŽƚĞ�ƚŚĂƚ�ƚŚĞ�hE�WͬtDK��ƐƐĞƐƐŵĞŶƚ�
ŐĂǀĞ�Ă�ŚŝŐŚĞƌ�ĐĞŶƚƌĂů�ǀĂůƵĞ�ŽĨ�ϱϮ�ŵŝůůŝŽŶ�ƚŽŶŶĞƐ͕�ƌĞŇĞĐƟŶŐ�
ĚŝīĞƌĞŶĐĞƐ�ďĞƚǁĞĞŶ�ŐůŽďĂů�ŵŽĚĞůƐͿ͘�,ĂůĨ�ŽĨ�ƚŚĞƐĞ�ďĞŶĞĮƚƐ�
ƌĞƐƵůƚ�ĨƌŽŵ�ŝŵƉůĞŵĞŶƟŶŐ�ƚŚĞ�ŵĞƚŚĂŶĞ�ŵŝƟŐĂƟŽŶ�
ŵĞĂƐƵƌĞƐ�ĂŶĚ�ƚŚĞ�ŽƚŚĞƌ�ŚĂůĨ�ĨƌŽŵ�ďůĂĐŬ�ĐĂƌďŽŶ�ŵĞĂƐƵƌĞƐ͘�
dŚĞ�ŐƌĞĂƚĞƐƚ�ĐƌŽƉ�ďĞŶĞĮƚ�ĨƌŽŵ�ƚŚĞ�ŵĞƚŚĂŶĞ�ŵĞĂƐƵƌĞƐ�
ĐŽŵĞƐ�ĨƌŽŵ�ƌĞĚƵĐŝŶŐ�ĞŵŝƐƐŝŽŶƐ�ĨƌŽŵ�ĐŽĂů�ŵŝŶĞƐ͕�ĞƐƉĞĐŝĂůůǇ�
ŝŶ�EŽƌƚŚ��ĂƐƚ��ƐŝĂ͕�^ŽƵƚŚ��ĂƐƚ��ƐŝĂ�ĂŶĚ�ƚŚĞ�WĂĐŝĮĐ͖�ĨƌŽŵ�Žŝů�
ĂŶĚ�ŐĂƐ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�Ăůů�ƌĞŐŝŽŶƐ͖�ĂŶĚ�ĨƌŽŵ�ůŽŶŐͲĚŝƐƚĂŶĐĞ�
ŶĂƚƵƌĂů�ŐĂƐ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ƉŝƉĞůŝŶĞƐ�ŝŶ�EŽƌƚŚ��ŵĞƌŝĐĂ�ĂŶĚ�
�ƵƌŽƉĞ͘�dŚĞ�ĐƌŽƉ�ďĞŶĞĮƚƐ�ĨƌŽŵ�ĂĐƟŽŶ�ŽŶ�ďůĂĐŬ�ĐĂƌďŽŶ�
ĞŵŝƐƐŝŽŶƐ�ůĂƌŐĞůǇ�ĐŽŵĞ�ĨƌŽŵ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�
ŵĞĂƐƵƌĞƐ�ŝŶ�ƚŚĞ�ƚƌĂŶƐƉŽƌƚ�ƐĞĐƚŽƌ͕ �ĞƐƉĞĐŝĂůůǇ�ƚŚĞ�ǁŝĚĞƌ�
ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ��ƵƌŽͲϲͬs/�ƐƚĂŶĚĂƌĚƐ͘

dŚĞ�ŶĞĂƌͲƚĞƌŵ�ĐůŝŵĂƚĞ�ďĞŶĞĮƚƐ�ŽĨ�ƌĞĚƵĐŝŶŐ�
ƐŚŽƌƚͲůŝǀĞĚ�ĐůŝŵĂƚĞ�ĨŽƌĐĞƌ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ

ZĞĚƵĐŝŶŐ�ƚŚĞ�ƚŚƌĞĞ�ƐŚŽƌƚͲůŝǀĞĚ�ĐůŝŵĂƚĞ�ĨŽƌĐĞƌƐ�ŽīĞƌƐ�Ă�
ƌĞĂůŝƐƟĐ�ŽƉƉŽƌƚƵŶŝƚǇ�ƚŽ�ƐŝŐŶŝĮĐĂŶƚůǇ�ƌĞĚƵĐĞ�ƚŚĞ�ƌĂƚĞ�ŽĨ�
ŐůŽďĂů�ǁĂƌŵŝŶŐ�ŽǀĞƌ�ƚŚĞ�ŶĞǆƚ�ƚǁŽ�ƚŽ�ĨŽƵƌ�ĚĞĐĂĚĞƐ͘�/Ĩ�ĨƵůůǇ�
ŝŵƉůĞŵĞŶƚĞĚ�ďǇ�ϮϬϯϬ͕�ƚŚĞ�ϭϲ�ŵĞĂƐƵƌĞƐ�ĂƌĞ�ĞƐƟŵĂƚĞĚ�
ƚŽ�ƌĞĚƵĐĞ�ŐůŽďĂů�ǁĂƌŵŝŶŐ�ďĞƚǁĞĞŶ�ϮϬϭϬ�ĂŶĚ�ϮϬϱϬ�ďǇ�
ĂďŽƵƚ��Ϭ͘ϰΣ��;ƚŚŝƐ�ƐƚƵĚǇͿϰ�ƚŽ�Ϭ͘ϱΣ��;ĨƌŽŵ�ƚŚĞ�/ŶƚĞŐƌĂƚĞĚ�
�ƐƐĞƐƐŵĞŶƚ�ŽĨ��ůĂĐŬ��ĂƌďŽŶ�ĂŶĚ�dƌŽƉŽƐƉŚĞƌŝĐ�KǌŽŶĞ͕ 
hE�WͬtDK͕�ϮϬϭϭͿ͘�&ƌŽŵ�ŚĞƌĞ�ŽŶ�ǁĞ�ŵĂŬĞ�ƌĞĨĞƌĞŶĐĞ�ƚŽ�
ƚŚĞ�Ϭ͘ϰΣ��ŐůŽďĂů�ĚĞĐƌĞĂƐĞ�ĨƌŽŵ�ƚŚŝƐ�ƐƚƵĚǇ͘�tŚŝůĞ�ŵĂǆŝŵƵŵ�
ďĞŶĞĮƚƐ�ǁŝůů�ďĞ�ƌĞĂĐŚĞĚ�ďǇ�ϮϬϱϬ͕�ƚŚĞ�ďƵůŬ�ŽĨ�ƚŚĞ�ďĞŶĞĮƚƐ�
ǁŝůů�ĂůƌĞĂĚǇ�ďĞ�ƌĞĂůŝƐĞĚ�ďǇ�ϮϬϰϬ͕�ĂƐ�ŝŶĚŝĐĂƚĞĚ�ďǇ�ƚŚĞ�ĚŽƩĞĚ�
ůŝŶĞ�ŝŶ�&ŝŐƵƌĞ��^ͲϮ͘�dŚŝƐ�ŝƐ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�

&ŝŐƵƌĞ��^ͲϮ͗�KďƐĞƌǀĞĚ�ĚĞǀŝĂƟŽŶ�ŽĨ�ƚĞŵƉĞƌĂƚƵƌĞ�ƚŽ�ϮϬϬϵ�ĂŶĚ�ƉƌŽũĞĐƟŽŶƐ�ƵŶĚĞƌ�ǀĂƌŝŽƵƐ�ƐĐĞŶĂƌŝŽƐ�ĨƌŽŵ�ƚŚĞ�/ŶƚĞŐƌĂƚĞĚ��ƐƐĞƐƐŵĞŶƚ�ŽĨ��ůĂĐŬ�
�ĂƌďŽŶ�ĂŶĚ�dƌŽƉŽƐƉŚĞƌŝĐ�KǌŽŶĞ�;hE�WͬtDK͕�ϮϬϭϭͿ͘�/ŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ƚŚĞ�ŝĚĞŶƟĮĞĚ�ďůĂĐŬ�ĐĂƌďŽŶ�;��Ϳ�ĂŶĚ�ŵĞƚŚĂŶĞ�;�,ϰͿ�ŵĞĂƐƵƌĞƐ�
ďĞƚǁĞĞŶ�ϮϬϭϬ�ĂŶĚ�ϮϬϯϬ͕�ƚŽŐĞƚŚĞƌ�ǁŝƚŚ�ŵĞĂƐƵƌĞƐ�ƚŽ�ƌĞĚƵĐĞ�ĐĂƌďŽŶ�ĚŝŽǆŝĚĞ�;�KϮͿ�ĞŵŝƐƐŝŽŶƐ͕�ǁŽƵůĚ�ŐƌĞĂƚůǇ�ŝŵƉƌŽǀĞ�ƚŚĞ�ĐŚĂŶĐĞƐ�ŽĨ�
ŬĞĞƉŝŶŐ�ƚŚĞ��ĂƌƚŚ Ɛ͛�ƚĞŵƉĞƌĂƚƵƌĞ�ŝŶĐƌĞĂƐĞ�ƚŽ�ůĞƐƐ�ƚŚĂŶ�Ϯȗ��ƌĞůĂƟǀĞ�ƚŽ�ƉƌĞͲŝŶĚƵƐƚƌŝĂů�ůĞǀĞůƐ͘�dŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ŽĨ�ƚŚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�ƉƌŽũĞĐƟŽŶƐ�
ŝŶ�ϮϬϳϬ�ŝƐ�ƐŚŽǁŶ�ďǇ�ƚŚĞ�ůŝŶĞƐ�ŽŶ�ƚŚĞ�ƌŝŐŚƚ�ŚĂŶĚ�ƐŝĚĞϱ

ϰ͘�dŚĞ�dDϱͲ&�^^d�ŵŽĚĞů�ǁĂƐ�ƵƐĞĚ�ƚŽ�ĚŝƐĂŐŐƌĞŐĂƚĞ�ƚŚĞ�ŝŶŇƵĞŶĐĞ�ŽĨ�ƚŚĞ�ĚŝīĞƌĞŶƚ�ŵĞĂƐƵƌĞƐ�ŽŶ�ƚĞŵƉĞƌĂƚƵƌĞ͘�dŚŝƐ�ŵŽĚĞů�ĞƐƟŵĂƚĞĚ�ƚŽƚĂů�ƚĞŵƉĞƌĂƚƵƌĞ�ĐŚĂŶŐĞ�
ƚŽ�ďĞ�ĐůŽƐĞƌ�ƚŽ�Ϭ͘ϰΣ��ƚŚĂŶ�Ϭ͘ϱΣ��ĂƐ�ĞƐƟŵĂƚĞĚ�ŝŶ�ƚŚĞ��ƐƐĞƐƐŵĞŶƚ�ďǇ�ƚŚĞ�E�^�Ͳ'/^^�ĂŶĚ���,�D�ŵŽĚĞůƐ�;hE�WͬtDK͕�ϮϬϭϭͿ͕�ďƵƚ�ƚŚŝƐ�ǁŝůů�ŶŽƚ�ĂīĞĐƚ�ƚŚĞ�
ƉƌŽƉŽƌƟŽŶĂů�ĐŽŶƚƌŝďƵƟŽŶ�ŽĨ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ƚŽ�ƚŚĞ�ƌĞĚƵĐĞĚ�ǁĂƌŵŝŶŐ͘�

ϱ͘�dŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ĨŽƌ�ďůĂĐŬ�ĐĂƌďŽŶ�ŽŶ�ŐůŽďĂů�ƚĞŵƉĞƌĂƚƵƌĞ�ŝƐ�ŐƌĞĂƚĞƌ�ƚŚĂŶ�ĨŽƌ�ŵĞƚŚĂŶĞ͕�ǁŚŽƐĞ�ŝŵƉĂĐƚ�ŝƐ�ƌĞůĂƟǀĞůǇ�ǁĞůů�ŬŶŽǁŶ͘�/ƚ�ŝƐ�ƉŽƐƐŝďůĞ�ƚŚĂƚ�ƚŚĞ�ŝŵƉĂĐƚ�
ŽĨ�ďůĂĐŬ�ĐĂƌďŽŶ�ŽŶ�ǁĂƌŵŝŶŐ�ĐŽƵůĚ�ďĞ�ĂƌŽƵŶĚ�ǌĞƌŽ͕�ďƵƚ�ĐƵƌƌĞŶƚ�ŬŶŽǁůĞĚŐĞ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�ŝƚ�ŝƐ�ŵŽƌĞ�ůŝŬĞůǇ�ƚŚĂƚ�ƌĞŵŽǀŝŶŐ�ďůĂĐŬ�ĐĂƌďŽŶ�ǁŽƵůĚ�ƉƌŽǀŝĚĞ�Ă�ŶĞƚ�
ŐůŽďĂů�ĐůŝŵĂƚĞ�ďĞŶĞĮƚ͘

^ŽƵƌĐĞ͗�hE�WͬtDK�;ϮϬϭϭͿ�ƵƐŝŶŐ�ĂŶ�ĂǀĞƌĂŐĞ�ŽĨ�ƚǁŽ�ŐůŽďĂů�ĐŽŵƉŽƐŝƟŽŶͲĐůŝŵĂƚĞ�ŵŽĚĞůƐ�;'�DƐͿ�ƚŚĂƚ�ĞƐƟŵĂƚĞ�ƉŽůůƵƚĂŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ͕�ƌĂĚŝĂƟǀĞ�ĨŽƌĐŝŶŐ�
ĂŶĚ�ŐůŽďĂů�ĐůŝŵĂƚĞ
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Somethings are bad for health as well as climate

Tropospheric ozone ultimately from car fumes, industrial 
activity causes respiratory issues


Tackle with urban pollution legislation
Methane and black 
carbon reduction has 
climate impacts (left) & 
health benefits (right) 

UNEP, 2011, Near-term climate protection...
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Figure TS.14 Co-benefits of mitigation for energy security and air quality in scenarios with stringent 
climate policies reaching 430–530 ppm CO2eq concentrations in 2100). Upper panels show co-
benefits for different security indicators and air pollutant emissions. Lower panel shows related global 
policy costs of achieving the energy security, air quality, and mitigation objectives, either alone (w, x, 
y) or simultaneously (z). Integrated approaches that achieve these objectives simultaneously show 
the highest cost-effectiveness due to synergies (w+x+y>z). Policy costs are given as the increase in 
total energy system costs relative to a no-policy baseline. Costs are indicative and do not represent 
full uncertainty ranges. [Figure 6.33] 
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Figure 11-7: Illustrative co-benefits comparison of the health and climate cost-effectiveness of selected household, 
transport, and power sector interventions (Smith and Haigler, 2008). Area of each circle denotes the total social 
benefit in international dollars from the combined value of carbon offsets (valued at 10$/tCO2e) and averted DALYs 
[$7450/DALY, which is representative of valuing each DALY at the average world GDP (PPP) per capita in 2000]. 
The vertical bar shows the range of the cut offs for cost-effective and very cost-effective health interventions in 
India and China using the WHO CHOICE criteria (World Health Organization, 2003). This figure evaluates only a 
small subset of all co-benefits opportunities and thus should not be considered either current or complete. It does 
illustrate, however, the kind of comparisons that can help distinguish and prioritize options. Note that even with the 
log-log scaling, there are big differences among them. For other figures comparing the climate and health benefits of 
co-benefits actions including those in food supply and urban design, see Haines et al. (Haines et al., 2009). See the 
original reference for details of the calculations in this figure (Smith and Haigler, 2008). 
[Illustration to be redrawn to conform to IPCC publication specifications.] 
 
 

Co-Benefits

Area of circle = total social benefit (in international dollars) 
from the combined value of carbon offsets and averted 
DALYs. Vertical bar = shows the cut offs for cost-effective 
and very cost-effective health interventions in India and 
China using the WHO CHOICE criteria.

WG2 FIG 11.7

Cost of tackling air quality issues, energy security and 
climate together is less than cost of all three combined.

WG3 TS FIG 14



Personal Actions
Eat more fruit and vegetables [meat and livestock 
have large footprints]


Sleep more [your energy use is less]


Get out of the car - bike or walk instead [reduced 
transport emissions]


Be politically active and responsible with your 
money


Fundamentally mitigation as a co-benefit of lifestyle 
choices



Technological Fixes

Some emissions trajectories to RCP2.6 atmosphere 
require negative CO2 emissions by 2090

AR5 WG3 SPM FIG. 4



Carbon dioxide removal
Increased natural 
carbon sinks (forests)


Carbon Scrubbers

Being designed for 
Carbon Capture & 
Storage (top)


Implement as 
artificial trees 
(bottom)



72 H. Schmidt et al.: Irradiance reduction to counteract quadrupling of CO2

Fig. 6. Differences in near surface air temperature (K, top panels) and precipitation (mmday�1, middle panels) between the simulations G1
and piControl, and in precipitations between the simulations G1 and abrupt4xCO2 (mmday�1, bottom panels). All quantities are averaged
over the four ESMs and the seasons June-July-August (JJA, left column) and December-January-February (DJF, right column), respectively.
In regions with filled color shading all models agree in the sign of the response. The value represented by the contours is given by the upper
edge of the respective range in the color bar, i.e. the zero line is colored light blue in the case of temperature and light yellow in the case of
precipitation.

changes of up to 20% (both negative and positive) are sim-
ulated in this region. All models show qualitatively simi-
lar patterns with strong reductions in the southern branch
of the inter-tropical convergence zone (ITCZ), a local re-
sponse maximum directly north of the equator, and, except
for HadGEM2-ES, also a clear minimum in the ITCZ branch
north of the equator. While in HadGEM2-ES the zonally-

averaged position of the main branch of the ITCZ remains
almost unchanged, it shifts slightly equatorward in the other
three models. The tropical signals have to be interpreted with
caution, as all four ESMs, to various degrees, suffer from
the double-ITCZ problem common for this type of models
(Randall et al., 2007).

Earth Syst. Dynam., 3, 63–78, 2012 www.earth-syst-dynam.net/3/63/2012/

Geo-engineering
Intentionally manipulate climate to 
counteract greenhouse gases


Some ethical guidelines already drawn 
up in preparation


Can never mask completely

Idealised solar reduction experiment

counteract instantaneous 4xCO2

Global mean temperature - no change

Precipitation changes are nearly as 
strong though 


Issues

permanent commitment

possible unilateral action

Security issues

SCHMIDT ET AL., 2012, 

EARTH. SYST. DYNAM.



Summary of today

Climate mitigation is big issue


Multiple routes and action required soon


Involve personal, national and corporate 
responsibility


Play with DECC’s carbon tracker and think about 
your pensions: linked images 

http://www.shareaction.org/carbonbubble-faqs
http://2050-calculator-tool.decc.gov.uk/pathways/1111111111111111111111111111111111111111111111111111/primary_energy_chart


Summary of whole course
Hopefully you now all:


Understand the physical basis of climate and 
climate change


Have an idea of how we forecast climate changes 
and their uncertainty


Can give some examples of the impacts of climate 
change


Understand ways we can alleviate and/or avoid 
those impacts


