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Appendix 1: Additional Information on Targets 

 

RECP Impacts for atmospheric CO2 stabilisation levels for upper and lower bounds of 

possible temperature change 

CO2 

conc 

(ppm) 

Impacts for bottom of temperature range Impacts for top of temperature range 

450 Global mean temperature rise of 1.5 °C, some 

risk to unique and threatened systems 

(ecosystems and societal), some increase in 

climatic extreme events, negative impacts for 

some regions, positive and negative  market 

impacts, the majority of people adversely 

affected, unknown but probably low risk of 

large scale high impact events. (e.g. major 

instability of ice sheets/ocean circulation 

changes). 

Global mean temperature rise of 4.0 °C, 

significant risk to many unique and 

threatened systems (ecosystems and 

societal), a large increase in climatic 

extreme events, negative impacts for 

most regions, negative impacts in all 

sectors, including agriculture, the majority 

of people adversely affected, probable 

medium risk of large scale high impact 

events. For example Amazon rainforest 

threatened and it is likely that the 

Greenland ice sheet will begin to melt.  

550 Global mean temperature rise of 2.0 °C, 

greater risk to unique and threatened systems 

(ecosystems and societal), a some increase 

in climatic extreme events, negative impacts 

for some regions, positive and negative 

market impacts, the majority of people 

adversely affected, unknown but probably low 

risk of large scale high impact events. (e.g. 

major instability of ice sheets/ocean 

circulation changes). 

Global mean temperature rise of 5.0 °C, 

severe impacts for unique and threatened 

systems, great increase in climatic 

extreme events, all sectors showing 

severe impacts and most people 

adversely affected, high risk of large 

scale high impact events. (e.g. major 

instability of ice sheets/ocean circulation 

changes) 

750 Global mean temperature rise of 3 °C, 

moderate risk to a number of unique and 

threatened systems (ecosystems and 

societal), probable moderate increase in 

climatic extreme events, approximately even 

balance between regions experiencing 

negative impacts and those that do not, 

positive and negative market impacts, the 

majority of people adversely affected, 

unknown but probably moderate risk of large 

scale high impact events. (e.g. major 

instability of ice sheets/ocean circulation 

changes). 

Global mean temperature rise of 7 °C. 

Extreme adverse impacts in all measures. 

Source RECP. 
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United States - State & Regional 

Entity 

 

Target Notes and Source 

Arizona: State-wide 2000 levels by 2020 

50% below 2000 by 2040 

Executive Order 2006-13  

California: State-wide 2000 levels by 2010 
1990 levels by 2020 
80% below 1990 by 2050 

Executive Order S-3-05 

California: Major industries state-

wide 

1990 levels by 2020 AB 32 

Connecticut: State-wide 1990 levels by 2010 

10% below 1990 by 2020 

75-85% below 2001 levels in the long term 

Connecticut Climate Change 

Action Plan 

Florida: State-wide 2000 levels by 2017 
1990 levels by 2025 
80% below 1990 levels by 2050 

EO 07-127  

Florida: Electric Utilities 
2000 levels by 2017 
1990 levels by 2025 
80% below 1990 levels by 2050 

EO 07-127 

Hawaii: State-wide 1990 levels by 2020  Act 234 

Illinois: State-wide 1990 levels by 2020 

60% below 1990 levels by 2050 

Press Release 

Maine: State-wide 1990 levels by 2010  

10% below 1990 by 2020 

75-80% below 2003 long-term  

LD 845 (HP 622) 

Massachusetts: State-wide 1990 levels by 2010 

10% below 1990 by 2020 

75-85% below 1990 long-term  

Massachusetts Climate 

Protection Plan of 2004 

Massachusetts: Electric Utilities 10% below 1997-1999 CO2 target only.  

310 CMR 7.29 

Minnesota: State-wide 
15% below 2005 levels by 2015 
30% below 2005 levels by 2025 
80% below 2005 levels by 2050 

Next Generation Energy Act  

New Hampshire: State-wide 1990 levels by 2010 

10% below 1990 by 2020 

75-85% below 2001 long-term 

The Climate Change Challenge 

New Hampshire: Electric Utilities 1990 levels by 2006 CO2 target only.  

HB 284  

New Jersey: State-wide 1990 levels by 2020 

80% below 2006 levels by 2050 

Press release and executive 

order  

New Mexico: State-wide 2000 levels by 2012 

10% below 2000 by 2020 

75% below 2000 by 2050 

Executive Order 05-033 

New York: State-wide 5% below 1990 by 2010  State Energy Plan of 2002 

http://azgovernor.gov/dms/upload/EO_2006_13_090806.pdf
http://www.governor.ca.gov/state/govsite/gov_htmldisplay.jsp?BV_SessionID=@@@@0365235480.1118152562@@@@&BV_EngineID=ccchaddelehigddcfngcfkmdffidfng.0&sCatTitle=Press+Release&sTitle=Executive+Order+S-3-05&sFilePath=%2fgovsite%2fexecutive_orders%2f20050601_S-3-05.html
http://www.leginfo.ca.gov/cgi-bin/postquery?bill_number=ab_32&sess=CUR&house=B&author=nunez
http://www.ctclimatechange.com/StateActionPlan.html
http://www.ctclimatechange.com/StateActionPlan.html
http://www.flgov.com/pdfs/orders/07-127-emissions.pdf
http://www.flgov.com/pdfs/orders/07-127-emissions.pdf
http://www.capitol.hawaii.gov/sessioncurrent/bills/HB226_CD1_.htm
http://illinois.gov/PressReleases/ShowPressRelease.cfm?SubjectID=2&RecNum=5715
http://illinois.gov/PressReleases/ShowPressRelease.cfm?SubjectID=2&RecNum=5715
http://illinois.gov/PressReleases/ShowPressRelease.cfm?SubjectID=2&RecNum=5715
http://janus.state.me.us/legis/ros/lom/lom121st/5pub201-250/pub201-250-44.htm
http://www.massclimateaction.org/pdf/MAClimateProtPlan0504.pdf
http://www.massclimateaction.org/pdf/MAClimateProtPlan0504.pdf
http://www.revisor.leg.state.mn.us/bin/bldbill.php?bill=S0145.2.html&session=ls85
http://www.des.state.nh.us/ard/climatechange/challenge.pdf
http://www.des.state.nh.us/ard/CleanPowerAct.htm
http://newjersey.gov/governor/news/news/approved/20070213a.html
http://newjersey.gov/governor/news/news/approved/20070213a.html
http://newjersey.gov/governor/news/news/approved/20070213a.html
http://www.governor.state.nm.us/orders/2005/EO_2005_033.pdf
http://text.nyserda.org/Energy_Information/energy_state_plan.asp
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10% below 1990 by 2020 

Oregon: State-wide Stabilize by 2010 

10% below 1990 by 2020 

75% below 1990 by 2050 

Oregon Strategy for Greenhouse 

Gas Reductions 

Rhode Island: State-wide 1990 levels by 2010 

10% below 1990 by 2020 

Rhode Island Greenhouse Gas 

Action Plan 

Vermont: State-wide 1990 levels by 2010 

10% below 1990 by 2020 

75-85% below 2001 long-term 

  

Washington: State-wide 1990 levels by 2020 

25% below 1990 levels by 2035 

50% below 1990 levels by 2050 

Executive Order 07-02 

Western Climate Initiative 
15% below 2005 levels by 2020 

Western Climate Initiative 

Statement of Regional Goal 

Regional Greenhouse Gas 

Initiative: CO2 emissions from 

power plants 

Cap emissions at current levels in 2009 
Reduce emissions 10% by 2019. 

Pew Center summary 

New England Governors and 

Eastern Canadian Premiers: 

Regional economy-wide 

1990 levels by 2010 

10% below 1990 by 2020 

75-85% below 2001 long-term 

Climate Change Action Plan of 

2001 

 

Source: Pew Centre 

http://www.pewclimate.org/what_s_being_done/targets/ 

 

http://sustainableoregon.org/documents/climate/Oregon_Strategy_Final_Report.pdf
http://sustainableoregon.org/documents/climate/Oregon_Strategy_Final_Report.pdf
http://righg.raabassociates.org/Articles/GHGPlanBody7-19-02FINAL.doc
http://righg.raabassociates.org/Articles/GHGPlanBody7-19-02FINAL.doc
http://www.governor.wa.gov/execorders/eo_07-02.pdf
http://www.westernclimateinitiative.org/ewebeditpro/items/O104F13006.pdf
http://www.westernclimateinitiative.org/ewebeditpro/items/O104F13006.pdf
http://www.pewclimate.org/what_s_being_done/in_the_states/rggi/
http://www.negc.org/documents/NEG-ECP%20CCAP.PDF
http://www.negc.org/documents/NEG-ECP%20CCAP.PDF
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Additional Information on the Social Cost of Carbon 

The debate over the state-of-the-art in estimates of the SCC, and its use in Government 

policy making, led to two parallel review projects, commissioned in 2004.  The first review 

looked at the underlying SCC values and uncertainty (Downing et al, 2005), whilst the 

second looked at how best to use these values in policy (Watkiss et al, 2006).  The analysis 

of SCC values investigated three lines of evidence: an updated literature review of values; a 

knowledge elicitation of experts; and modelling with two of the leading Integrated 

Assessment Models (FUND and PAGE)1.  The literature review was an update of the Tol 

(2005) paper, which looked at marginal social cost values from 28 studies in the literature, 

providing 103 estimates.  The Tol paper reported that if all studies were combined, the mode 

was $2/tC, the median $14/tC, the mean $93/tC, and the 95 percentile $350/tC.  Excluding 

the studies that were not peer reviewed, the mean was $50/tC2 (for any discount rate) and 

this is reflected in the paper conclusions, which cites a maximum value of $50/tC 3 (for 

observed discount rates) - significantly below the central illustrative SCC values of £70/tC.  

At the time, this indicated a general decrease in the marginal social cost values, particularly 

since the year 2000, due to consideration of explicit socio-economic reference scenarios 

(generally of wealthier futures), inclusion of benefits as well as impacts, and notably due to 

autonomous adaptation4.  However, more recent estimates have risen, see the figure below. 
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Source: Tol for EEA, 2007, updated from Tol (2005).  Note, one 1992 study, and a number of points from a 2005 

study are excluded, as these have values above the scale used here. 

                                                
1
 A number of other lines of evidence were also investigated - developing a prototype multi-agent model of the 

Sahel, and with a number of MSc Theses by David Anthoff (2004, see also Anhoff et al. 2006), Megan Ceronsky 
(2004, see also Ceronsky et al. 2005A,b), Jiehan Guo (2004, see also Guo et al. 2006) and Ada Li (2004), 
supervised by Cameron Hepburn, University of Oxford, which looked at equity weighting, extreme events, 
discounting, and risk aversion and ambiguity aversion respectively. 
2
 Note the values cited are mostly in the year of the study, i.e. they are not increased to consistent year 2000 or 

year 2005 prices.  
3
 The author, Richard Tol, concludes óusing standard assumptions about discounting and aggregation, the 

marginal damage costs of carbon dioxide emissions are unlikely to exceed $50/tC, and are probably much 
smallerô 
4
 It should be noted that such trends may change in future analysis.  Two recent findings are that climate 

sensitivity and the likelihood that severe impacts increases at lower temperature changes may be higher than 
previously expected (Schellnhuber et al, 2005).   
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The SCC and Decision Parameters 

As part of the review work on the SCC estimates, the study reviewed and assessed the key 

parameters that affect estimates (Downing et al., 2005, based on the underlying work 

feeding into this study5).  It is clear that much of the variation in SCC estimates (for the sub-

totals assessed so far) arises from a few key parameters in the choice of input or decision 

perspectives, most importantly (as well as sectoral coverage, discussed later):  

¶ Discount rate.  Clearly the choice of discount rate has a very large effect on any values, 

because most impacts of climate change occur in the future.  Higher discount rates lead 

to lower values.  As an illustration, in FUND, as an example of importance of the effect, a 

discount rate of 1% Pure Rate of Time Preference (PRTP) produces estimates that are 

on the order of 1/5th of the SCC calculated with a PRTP of 0% (whilst a 3% PRTP can 

lead to net benefits). The Green Book declining discount rate scheme produced 

estimates between 0 and 1% PRTP (see Figure below for an examples from a central 

FUND run)6.  
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Example of how SCC estimates vary in FUND (Best Guess setting) with discount rate 

¶ The study-time horizon. Aggregate models suggest that net impacts of climate change 

may be positive in the short term, but turn negative for more severe climate change 

(even without major events). Extending the time horizon, even with discounting, can 

substantially increase the SCC for current emissions (and this interacts with the discount 

rate such that its effect is more pronounced the lower is the discount rate). Constraining 

the time-scale (e.g. to 100 years) will conversely lead to lower values. 

¶ The approach to weighting impacts in different regions (equity weighting). Most impacts 

in the medium term occur in developing countries, and so the decision on whether to use 

compensation values or adjust estimates using a form of distributional weighting (equity 

weighting) has a significant bearing on the results.  Use of equity weights increases the 

SCC values, but there have been concerns raised over their use when compared to 

other international policy (e.g. in the UK, see Pearce, 2003; and also recent work by 

Anthoff et al, 2006b).  With a PRTP of 0%, and equity weighting, the FUND model 

                                                
5
 By David Anthoff (2004), Megan Ceronsky 2004), Jiehan Guo (2004) and Ada Li (2004). 

6
 Most impact assessment modelling studies present results in terms of the pure rate of time preference (PRTP).  

The social rate of time preference, which is typically used in conventional project/policy CBA in Government is 
given by the pure rate of time preference plus the per capita GDP growth rate multiplied by the negative of the 
elasticity of utility with respect to consumption. The use of PRTP in IAMs allows the use of different growth rates 
in different regions, an important aspect for non-OECD analysis.  When studies use a PRTP of 0%, they are still 
discounting but only to account for the extra wealth that future generations will enjoy.   
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analysis showed an increase in the SCC by a factor of 5 to 15, depending on the way 

equity weights are calculated.  Even with higher discount rates, the increase might be a 

factor of 2 to 10. 
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Example of how SCC estimates vary in FUND (Best Guess setting) with equity 

¶ The reporting of the central tendency (specifically whether mean or median values are 

cited as the central estimate).  Both the mean and the median have been used as a 

measure of central tendency for different SCC estimates. For skewed distributions they 

give substantially different results even with the same underlying data.  As the SCC 

estimates are right skewed (mean>median), than the choice of central value can 

increase or decrease the values (e.g. models/studies which report median values give 

lower estimates than those that report mean values as the central estimate ï see the 

reported values quoted above from the Tol meta-analysis (2004a) of $14 median and 

$93 mean). 

¶ Climate sensitivity, i.e. the equilibrium warming expected with a doubling of CO2 

concentrations.  The Third Assessment Report of the IPCC concluded that the range 

was 1.5 to 4.5 °C with a best guess of 2.5°C7.  The SCC is highly responsive to changes 

in the climate sensitivity and recent studies have pointed to values for the climate 

sensitivity that are higher than the range put forward by the IPCC in 2001 (e.g., 

Stainforth et al. 2006, Frame et al. 2005).  Indeed, the more recent IPCC Fourth 

Assessment Report concluded that while it was ólikelyô (subjective probability of 66-90% 

that the climate sensitivity does lie in the range 1.5-4.5ºC, higher values could not be 

ruled out.  As an illustration (Ceronsky (2004), see Figure 5), the SCC using FUND was 

found to be 5-6 times higher at 4.5° than at 2.5°, and a further factor of 3 to 7 (e.g. 

comparing 9.3° to 4.5°).   

                                                
7
 Climate sensitivity, i.e. the equilibrium warming expected with a doubling of CO2 concentrations.  The Third 

Assessment Report of the IPCC concluded that the range was 1.5 to 4.5 °C with a best guess of 2.5°C, , and cite 
that ócost of climate change is now expected to be larger than many earlier studies suggestô.     
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Figure 17

Probability Distribution Function Best Guess vs. Climate Sensitivity Scenarios 

(Monte Carlo [climate parameters uncertain] 1000 runs) 
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Distribution of the SCC in FUND with four climate sensitivities. Ceronsky (2004). 

Each of these five variables can significantly influence the SCC values, leading to 

differences in values of orders of magnitude.  There is no consensus on which parameter 

values to use (though there are many alternative views expressed, which vary with the use 

of a prescriptive or descriptive approach).  What is important is that the choice of specific 

parameters can explain the difference between the most recent Government SCC estimates 

in the UK (Stern, 2006) which arrived at a value several times the existing UK SCC  and the 

wider literature (such as Tol, 2005), even though the Stern analysis uses much the same 

models and damage functions (see Yohe, 2006). As a summary, the Stern Review adopted 

a global rather than a national perspective, with substantial aversion to risk, and 

consideration of intertemporal and geographical equity.  This translated to the use of a very 

low discount rate (0.1% PRTP), use of a form of equity weighting, use of mean values, and 

consideration of higher climate sensitivity based on more recent evidence.   

The Risk Matrix and the Coverage of Climate Change Damages 

Work by Downing and Watkiss (2003) has raised the issue of study coverage in comparing 

SCC values, and this was advanced during the studies. 

The SCC values were compared for their coverage against a risk matrix (below) in relation to  

1) The uncertainty of climate change impacts, covering: 

- Impacts that can be predicted with relative confidence and where the confidence in 

the direction of effect is certain (e.g. average temperature); 

- Impacts where prediction is more uncertain, and where models often give different 

levels of impacts, or even predictions of a different sign (positive/negative), as with 

for example regional estimates of levels of precipitation, or frequency or magnitude of 

extreme events; 

- Impacts where prediction is highly uncertain, notably around the major ótipping 

pointsô commonly identified (major climate discontinuities or irreversibilities, such as 

the West Antarctic ice sheet, methane hydrates, etc, as in (Schellnhuber et al 2005). 

2) The uncertainty in valuation, covering:  


