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Summary 

 

Our comment primarily concerns the DOE’s use of the social cost of carbon (SCC) in the 

cost/benefit analysis of the Energy Conservation Program: Energy Conservation Standards for 

Walk-In Coolers and Freezers proposed rulemaking. The determination of the SCC is so 

discordant with the best scientific literature on the equilibrium climate sensitivity and the 

fertilization effect of carbon dioxide—two critically important parameters for establishing the net 

externality of carbon dioxide emissions—that, until this situation can be rectified, it should be 

barred from use in this and all other federal rulemaking. 

 

 

Discussion and Analysis 

 

In the proposed rulemaking, the DOE recognizes that the determination of the SCC is rapidly 

evolving and dependent on the latest scientific findings. The DOE states that: 
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DOE is well aware that scientific and economic knowledge about the contribution 

of CO2 and other GHG emissions to changes in the future global climate and the 

potential resulting damages to the world economy continues to evolve rapidly. 

Thus, any value placed in this NOPR on reducing CO2 emissions is subject to 

change. DOE, together with other Federal agencies, will continue to review 

various methodologies for estimating the monetary value of reductions in CO2 

and other GHG emissions. This ongoing review will consider the comments on 

this subject that are part of the public record for this NOPR and other 

rulemakings, as well as other methodological assumptions and issues. However, 

consistent with DOE's legal obligations, and taking into account the uncertainty 

involved with this particular issue, DOE has included in this NOPR the most 

recent values and analyses resulting from the ongoing interagency review process. 

 

In light of the DOE’s and other Federal agencies’ on-going examination of the SCC, we submit 

our comments for consideration on this topic. We note, however, that the May 2013 update to the 

SCC made by the Interagency Working Group (IWG) ignored such a large amount of new 

science (extant at the time of the update), that the new SCC be considered invalid and discarded. 

It is better not to include any value for the SCC in federal cost/benefit analyses such as this one, 

than to include one which is knowingly inaccurate and thus potentially misleading. 
 

 

Equilibrium Climate Sensitivity 

 

In May 2013, the Interagency Working Group (IWG) produced an updated SCC value by 

applying updates to the underlying three Integrated Assessment Models (IAMs) used in its initial 

2010 SCC determination, but did not update the equilibrium climate sensitivity (ECS) employed 

in the IAMs. This was not done, despite there having been, since January 1, 2011,  at least 10 

new studies and 16 experiments (involving more than 42 researchers) examining the ECS, each 

lowering the best estimate and tightening the error distribution about that estimate. Instead, the 

IWG wrote in its 2013 report: “It does not revisit other interagency modeling decisions (e.g., 

with regard to the discount rate, reference case socioeconomic and emission scenarios, or 

equilibrium climate sensitivity).” 

 

The earth’s equilibrium climate sensitivity is defined in the Interagency Working Group on 

Social Cost of Carbon 2010 (hereafter, IWG2010) report as “the long-term increase in the annual 

global-average surface temperature from a doubling of atmospheric CO2 concentration relative 

to pre-industrial levels (or stabilization at a concentration of approximately 550 parts per million 

(ppm))” and is recognized as “a key input parameter” for the integrated assessment models used 

to determine the social cost of carbon. 

 

The IWG2010 report has an entire section (Section III.D) dedicated to describing how an 

estimate of the equilibrium climate sensitivity and the scientific uncertainties surrounding its 

actual value are developed and incorporated in the IWG’s analysis. The IWG2010, in fact, 

developed its own probability density function (pdf) for the ECS and used it in each of the three 

IAMs, superseding the ECS pdfs used by the original IAMs developers. The IWG’s intent was to 

develop an ECS pdf which most closely matched the description of the ECS as given in the 
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Fourth Assessment Report of the United Nation’s Intergovernmental panel on Climate Change 

which was published in 2007. 

 

The functional form adopted by the IWG2010 was a calibrated version of Roe and Baker (2007) 

distribution.  It was described in the IWG2010 report in the following Table and Figure (from the 

IWG2010 report): 

 

 
 

 
 

The calibrated Roe and Baker functional form used by the IWG2010 is no longer scientifically 

defensible; neither was it at the time of the publication of the IWG 2013 SCC update. 

 

The figure below vividly illustrates this fact, as it compares the best estimate and 90% 

confidence range of the earth’s ECS as used by the IWG2010/2013 (calibrated Roe and Baker) 

against the findings in the scientific literature published since January 1, 2011.  
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Whereas the IWG2010/2013 ECS distribution has a median value of 3.0°C and 5
th

 and 95
th

 

percentile values of 1.72°C and 7.14°C, respectively, the corresponding values averaged from 

the recent scientific literature are 2.0°C (median), 1.1°C (5
th

 percentile), and 3.5°C (95
th

 

percentile). 

 

These differences will have large and significant impacts on the SCC determination. 

 

 

 
 

CAPTION: The median (indicated by the small vertical line) and 90% confidence range (indicated by the 

horizontal line with arrowheads) of the climate sensitivity estimate used by the Interagency Working 

Group on the Social Cost of Carbon Climate is indicated by the top black arrowed line. The average of the 

similar values from 16 different determinations reported in the recent scientific literature is given by the 

grey arrowed line (second line from the top). The sensitivity estimates from the 16 individual 

determinations of the ECS as reported in new research published after January 1, 2011 are indicated by 
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the colored arrowed lines. The arrows indicate the 5 to 95% confidence bounds for each estimate along 

with the best estimate (median of each probability density function; or the mean of multiple estimates; 

colored vertical line). Ring et al. (2012) present four estimates of the climate sensitivity and the red box 

encompasses those estimates.  

 

The IWG2010 report noted that, concerning the low end of the ECS distribution, its 

determination reflected a greater degree of certainty that a low ECS value could be excluded than 

did the IPCC. From the IWG2010 (p. 14): 

 

“Finally, we note the IPCC judgment that the equilibrium climate sensitivity “is 

very likely larger than 1.5°C.” Although the calibrated Roe & Baker distribution, 

for which the probability of equilibrium climate sensitivity being greater than 

1.5°C is almost 99 percent, is not inconsistent with the IPCC definition of “very 

likely” as “greater than 90 percent probability,” it reflects a greater degree of 

certainty about very low values of ECS than was expressed by the IPCC.” 

 

In other words, the IWG used its judgment that the lower bound of the ECS distribution was 

higher than the IPCC 2007 assessment indicated. However, the collection of the recent literature 

on the ECS shows the IWG’s judgment to be in error. As can be seen in the chart above, the 

large majority of the findings on ECS in the recent literature indicate that the lower bound (i.e., 

5
th

 percentile) of the ECS distribution is lower than the IPCC 2007 assessment. And, the average 

value of the 5
th

 percentile in the recent literature (1.1°C) is 0.62°C less than that used by the 

IWG—a sizeable and important difference which will influence the SCC determination. 

 

But even more influential in the SCC determination is the upper bound (i.e., 95
th

 percentile) of 

the ECS probability distribution. 

 

The IWG2010 notes (p.14) that the calibrated Roe and Baker distribution better reflects the IPCC 

judgment that “values substantially higher than 4.5°C still cannot be excluded.” The IWG2010 

further notes that  

 

“Although the IPCC made no quantitative judgment, the 95
th

 percentile of the 

calibrated Roe & Baker distribution (7.1 °C) is much closer to the mean and the 

median (7.2 °C) of the 95
th

 percentiles of 21 previous studies summarized by 

Newbold and Daigneault (2009). It is also closer to the mean (7.5 °C) and median 

(7.9 °C) of the nine truncated distributions examined by the IPCC (Hegerl, et al., 

2006) than are the 95
th

 percentiles of the three other calibrated distributions (5.2-

6.0 °C).” 

 

In other words, the IWG2010 turned towards surveys of the scientific literature to determine its 

assessment of an appropriate value for the 95
th

 percentile of the ECS distribution. Now, more 

than three years hence, the scientific literature tells a completely different story. 

 

Instead of a 95
th

 percentile value of 7.14°C, as used by the IWG2010, a survey of the recent 

scientific literature suggests a value of 3.5°C—more than 50% lower. 
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And this is very significant and important difference because the high end of the ECS 

distribution has a large impact on the SCC determination—a fact frequently commented on by 

the IWG2010. 

 

For example, from IWG2010 (p.26): 

 

“As previously discussed, low probability, high impact events are incorporated 

into the SCC values through explicit consideration of their effects in two of the 

three models as well as the use of a probability density function for equilibrium 

climate sensitivity. Treating climate sensitivity probabilistically results in more 

high temperature outcomes, which in turn lead to higher projections of damages. 

Although FUND does not include catastrophic damages (in contrast to the other 

two models), its probabilistic treatment of the equilibrium climate sensitivity 

parameter will directly affect the non-catastrophic damages that are a function of 

the rate of temperature change.” 

 

And further (p.30): 

 

Uncertainty in extrapolation of damages to high temperatures: The damage 

functions in these IAMs are typically calibrated by estimating damages at 

moderate temperature increases (e.g., DICE was calibrated at 2.5 °C) and 

extrapolated to far higher temperatures by assuming that damages increase as 

some power of the temperature change. Hence, estimated damages are far more 

uncertain under more extreme climate change scenarios. 

 

And the entirety of Section V [sic] “A Further Discussion of Catastrophic Impacts and Damage 

Functions”  of the IWG 2010 report  describes “tipping points” and “damage functions” that are 

probabilities assigned to different values of global temperature change. Table 6 from the 

IWG2010 indicated the probabilities of various tipping points. 
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The likelihood of occurrence of these low probability, high impact, events (“tipping points”) is 

greatly diminished under the new ECS findings. The average 95
th

 percentile value of the new 

literature survey is only 3.5°C indicating a very low probability of a warming reaching 3-5°C by 

2100 as indicated in the 3
rd

 column of the above Table and thus a significantly lower probability 

that such tipping points will be reached.  This new information will have a large impact on the 

final SCC determination using the IWG’s methodology. 

 

The size of this impact has been directly investigated.  

 

In their Comment on the Landmark Legal Foundation Petition for Reconsideration of Final Rule 

Standards for Standby Mode and Off Mode Microwave Ovens, Dayaratna and Kreutzer (2013) 

ran the DICE model using the distribution of the ECS as described by Otto et al. (2013)—a paper 

published in the recent scientific literature which includes 17 authors, 15 of which were lead 

authors of chapters in the recent Intergovernmental Panel on Climate Change’s Fifth Assessment 

Report. The most likely value of the ECS reported by Otto et al. (2013) was described as 

“2.0°C, with a 5–95% confidence interval of 1.2–3.9°C.” Using the Otto et al. (2013) ECS 

distribution in lieu of the distribution employed by the IWG (2013), dropped the SCC by 42 

percent, 41 percent, and 35 percent (for the 2.5%, 3.0%, 5.0% discount rates, accordingly). This 

is a significant decline. 

 

Waldhoff et al. (2011) investigated the sensitivity of the FUND model to changes in the ECS.  

Waldhoff et al. (2011) found that changing the ECS distribution such that the mean of the 

distribution was lowered from 3.0°C to 2.0°C had the effect of lowering the SCC by 60 percent 

(from a 2010 SCC estimate of $8/ton of CO2 to $3/ton in $1995). While Waldhoff et al. (2011) 

examined FUNDv3.5, the response of the current version (v3.8) of the FUND model should be 

similar. 

 

These studies make clear that the strong dependence of the social cost of carbon on the 

distribution of the estimates of the equilibrium climate sensitivity (including the median, and the 

upper and lower certainty bounds) requires that the periodic updates to the IWG SCC 

determination must include an examination of the scientific literature on the topic of the 

equilibrium climate sensitivity. There is no indication that the IWG undertook such an 

examination. But what is clear, is that the IWG did not alter its probability distribution of the 

ECS between its 2010 and 2013 SCC determination, despite a large and growing body of 

scientific literature that substantially alters and better defines the scientific understanding of the 

earth’s ECS. It is unacceptable that a supposed “updated” social cost of carbon does not include 

updates to the science underlying a critical and key aspect of the SCC. 

 

 

Agricultural Impacts of Carbon Fertilization 

 

Carbon dioxide is known to have a positive impact on vegetation, with literally thousands of 

studies in the scientific literature demonstrating that plants (including crops) grow stronger, 

healthier, and more productive under conditions of increased carbon dioxide concentration. A 
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recent study (Idso, 2013) reviewed a large collection of such literature as it applies to the world’s 

45 most important food crops (making up 95% of the world’s annual agricultural production).  

Idso (2013) summarized his findings on the increase in biomass of each crop that results from a 

300ppm increase in the concentration of carbon dioxide under which the plants were grown. This 

table is reproduced below (Table 1), and shows that the typical growth increase exceeds 30% in 

most crops, including 8 of the world’s top 10 food crops (the increase was 24% and 14% in the 

other two). 

 

 Table 1. Average percentage increase in biomass of each of the world’s 45 most important 

food crops under an increase of 300ppm of carbon dioxide. 

 
 

Idso (2013) found that the increase in the atmospheric concentration of carbon dioxide that took 

place during the period 1961-2011 was responsible for increasing global agricultural output by 

3.2 trillion dollars (in 2004-2006 constant dollars). Projecting the increases forward based on 

projections of the increase in atmospheric carbon dioxide concentration, Idso (2013) expects 

carbon dioxide fertilization to increase the value of agricultural output by 9.8 trillion dollars (in 

2004-2006 constant dollars) during the 2012-2050 period. 

 

This is a large positive externality, and one that is insufficiently modeled in the IAMs relied 

upon by the IWG in determining the SCC. 

 

In fact, only one of the three IAMs used by the IWG has any substantial impact from carbon 

dioxide fertilization, and the one that does, underestimates the effect by approximately 2-3 times. 
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The FUND model has a component which calculates the impact on agricultural as a result of 

carbon dioxide emissions, which includes not only the impact on temperature and other climate 

changes, but also the direct impact of carbon dioxide fertilization. The other two IAMs, DICE 

and PAGE by and large do not (or only do so extremely minimally; DICE includes the effect to a 

larger degree than PAGE). Consequently, lacking this large and positive externality, the SCC 

calculated by the DICE and PAGE models is significantly larger than the SCC determined by the 

FUND model (for example, see Table A5, in the IWG 2013 report). 

 

But even the positive externality that results from carbon dioxide fertilization as included in the 

FUND model is too small when compared with the Idso (2013) estimates. FUND (v3.7) uses the 

following formula to determine the degree of crop production increase resulting from 

atmospheric carbon dioxide increases (taken from Anthoff and Tol, 2013a): 

 

 

 
 

 

Column 8 in the table below (Table 2) shows the CO2 fertilization parameter (γr) used in FUND 

for various regions of the world (Anthoff and Tol, 2013b). The average CO2 fertilization effect 

across the 16 regions of the world is 11.2%. While this number is neither areally weighted, nor 

weighted by the specific crops grown, it is clear that 11.2% is much lower than the average 

fertilization effect compiled by Idso (2013) for the world’s top 10 food crops (35%). Further, 

Idso’s fertilization impact is in response to a 300ppm CO2 increase, while the fertilization 

parameter in the FUND model is multiplied by ln(CO2t/275) which works out to 0.74 for a 

300ppm CO2 increase. This multiplier further reduces the 16 region average to 8.4% for the CO2 

fertilization effect—some 4 times smaller than the magnitude of the fertilization impact 

identified by Idso (2013). 
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Table 2. Impact of climate change on agriculture in FUND model. 

 

 
 

Although approximately 4 times too small, the impact of the fertilization effect on the SCC 

calculation in the FUND model is large. 

 

According to Waldhoff et al. (2011), if the CO2 fertilization effect is turned off in the FUND 

model (v3.5) the SCC increases by 75% from $8/tonCO2 to $14/tonCO2 (in 1995 dollars). In 

another study, Ackerman and Munitz (2012) find the effective increase in the FUND model to be 

even larger, with CO2 fertilization producing a positive externality of nearly $15/tonCO2 (in 

2007 dollars).  

 

Clearly, had the Idso (2013) estimate of the CO2 fertilization impact been used instead of the one 

used in FUND the resulting positive externality would have been much larger, and the resulting 

net SCC been much lower. 

 

This is just for one of the three IAMs used by the IWG. Had the more comprehensive CO2 

fertilization impacts identified by Idso (2013) been incorporated in all the IAMs, the three-model 

average SCC used by the IAM would be been greatly lowered, and likely even become negative 

in some IAM/discount rate combinations. 

 

 

Conclusion 

 

The social cost of carbon used by the DOE in its proposed Energy Conservation Standards for 

Walk-In Coolers and Freezers is unsupported by the scientific literature and unsuitable for 
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rulemaking. Not only should it not serve as basis of the cost/benefits analysis in this proposed 

rulemaking, but its use must be reconsidered in all proposed rulemaking. 

 

Although the full impact of including better estimates of the equilibrium climate sensitivity as 

well as the carbon dioxide fertilization effect is beyond the scope of this Comment, it should not 

be beyond the scope of the IWG.  Until the IWG takes it upon itself to address these substantial 

exclusions, the use of the SCC in federal cost/benefit analysis such as the Energy Conservation 

Standards for Walk-In Coolers and Freezers should be suspended.  

 

 

References 

 

Ackerman, F., and C. Munitz, 2012. Climate damages in the FUND model: a disaggregated 

analysis. Ecological Economics, 77, 219-224. 

 

Aldrin, M., et al., 2012. Bayesian estimation of climate sensitivity based on a simple climate 

model fitted to observations of hemispheric temperature and global ocean heat content. 

Environmetrics, doi: 10.1002/env.2140. 

 

Annan, J.D., and J.C Hargreaves, 2011. On the generation and interpretation of probabilistic 

estimates of climate sensitivity. Climatic Change, 104, 324-436. 

 

Anthoff, D., and R.S.J. Tol, 2013a. The climate framework for uncertainty, negotiation and 

distribution (FUND), technical description, version 3.7, http://www.fund-model.org/publications 

 

Anthoff, D., and R.S.J. Tol, 2013b. The climate framework for uncertainty, negotiation and 

distribution (FUND), tables, version 3.7, http://www.fund-model.org/publications 

 

Dayaratna, K., and D. Kreutzer, 2013. Comment on the Energy Efficiency and Renewable 

Energy Office (EERE) Proposed Rule: 2013-08-16 Energy Conservation Program for Consumer 

Products: Landmark Legal Foundation; Petition for Reconsideration; Petition for 

Reconsideration; Request for Comments, 

http://www.regulations.gov/#!documentDetail;D=EERE-2013-BT-PET-0043-0024 

 

Hargreaves, J.C., et al., 2012. Can the Last Glacial Maximum constrain climate sensitivity? 

Geophysical Research Letters, 39, L24702, doi: 10.1029/2012GL053872 

 

Idos, C. 2013. The positive externalities of carbon dioxide: Estimating the monetary benefits of 

rising CO2 concentrations on global food production. Center for the Study of Carbon Dioxide 

and Global Change, 30pp. 

 

Intergovernmental Panel on Climate Change, 2007. Climate Change 2007: The Physical Science 

Basis. Contribution of Working Group I to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change. Solomon, S., et al. (eds). Cambridge University 

Press, Cambridge, 996pp. 

 

http://www.fund-model.org/publications
http://www.fund-model.org/publications
http://www.regulations.gov/#!documentDetail;D=EERE-2013-BT-PET-0043-0024


12 
 

Lewis, N. 2013. An objective Bayesian, improved approach for applying optimal fingerprint 

techniques to estimate climate sensitivity. Journal of Climate, doi: 10.1175/JCLI-D-12-00473.1. 

 

Lindzen, R.S., and Y-S. Choi, 2011. On the observational determination of climate sensitivity 

and its implications. Asia-Pacific Journal of Atmospheric Science, 47, 377-390. 

 

Masters, T., 2013. Observational estimates of climate sensitivity from changes in the rate of 

ocean heat uptake and comparison to CMIP5  models. Climate Dynamics, doi:101007/s00382-

013-1770-4 

 

Otto, A., F. E. L. Otto, O. Boucher, J. Church, G. Hegerl, P. M. Forster, N. P. Gillett, J. Gregory, 

G. C. Johnson, R. Knutti, N. Lewis, U. Lohmann, J. Marotzke, G. Myhre, D. Shindell, B. 

Stevens, and M. R. Allen, 2013. Energy budget constraints on climate response. Nature 

Geoscience, 6, 415-416.  

 

Ring, M.J., et al., 2012. Causes of the global warming observed since the 19th century. 

Atmospheric and Climate Sciences, 2, 401-415, doi: 10.4236/acs.2012.24035. 

 

Schmittner,  A., et al. 2011. Climate sensitivity estimated from temperature reconstructions of 

the Last Glacial Maximum. Science, 334, 1385-1388, doi: 10.1126/science.1203513. 

 

van Hateren, J.H., 2012. A fractal climate response function can simulate global average 

temperature trends of the modern era and the past millennium. Climate Dynamics,  doi: 

10.1007/s00382-012-1375-3. 

 

Waldhoff, S., Anthoff, D., Rose, S., and R.S.J. Tol, 2011. The marginal damage costs of 

different greenhouse gases: An application of FUND. Economics, The Open-Access E-Journal, 

No. 2011-43, http://www.economics-ejournal.org/economics/discussionpapers/2011-43 

 

http://www.economics-ejournal.org/economics/discussionpapers/2011-43

