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I. Introduction

T his report reviews the Economic Analysis (EA) that supported the 2020 Revisions of the Effluent Limitation 
Guidelines (ELGs) and Standards for the Steam Electric Power Generating Point Source Category (“2020 Rule” 
or “Rule”). We review the economic framework, literature, and analyses performed to support these revisions. 

Our report builds on Davis Noll and Rothschild (2021). In that report, Davis Noll and Rothschild detailed numerous 
impacts of the 2020 Rule that EPA neglected to examine in the EA, such as the health impacts from bromide, lead, 
and mercury emissions, harms to threatened and endangered species, and forgone climate benefits related to use 
of the Trump administration’s social cost of carbon (SCC) value. For example, the agency left millions of dollars in 
benefits unquantified by not monetizing the health benefits of fewer incidences of bladder cancer from reductions in 
bromide levels. Similarly, the Trump-era SCC value dramatically understated the expected harms from climate change 
to the U.S. by excluding foreign spillover effects on U.S. financial, property, and national security interests, among other 
methodological flaws. The 2021 report concluded that EPA should reexamine the benefits estimates for any related ELG 
rulemaking or update to the 2020 Rule. 

This review highlights seven key considerations to be addressed along with the considerations in the 2021 report. We 
outline them here:

1. Economic Framework for Estimating Benefits – The U.S. Environmental Protection Agency (EPA) has invested 
significant resources to develop a broad economic framework to estimate the benefits of water quality changes 
in the United States. This framework consists of a new national hydrological model, the Hydrologic and Water 
Quality System (HAWQS), and a new national economic model, the Benefits Spatial Platform for Aggregating 
Socioeconomics and H2O (BenSPLASH). Combining these two models serves as a state-of-the-art integrated 
assessment model for water pollution. It should operate as the framework for estimating benefits associated with any 
changes to the ELGs.

2. Missing Benefits – EPA noted several categories of economic benefits that were not measured in the 2020 EA. 
However, recent research related to property values and averting behavior suggests that any new EA should monetize 
these benefits. For example, numerous studies examine nutrient-related impacts on housing values. Research also 
links toxic pollutants, including mercury, to housing values. Further, new evidence suggests that the economic 
damages of averting behavior could comprise a significant share of the economic benefits related to reducing air 
pollution, which may occur when the power sector changes its operations to respond to an ELG rule, as discussed 
below. These estimates also indicate a need to consider how well the current cost of illness (COI) approach reflects 
the full economic value of morbidity impacts. 

3. Ecological and Recreational Benefits – This category of benefits represents the largest share of measured economic 
impacts of changes in water quality. To estimate these benefits, the 2020 EA first measured changes in water quality 
through a water quality index. Next, the EA linked the index to a meta-analysis of economic studies that estimate the 
economic benefits of changes to this index. This approach measured the anticipated benefits of the 2020 Rule. 

 Given the importance of this category, our review documents several aspects of this process that warrant further 
analysis. This includes additional sensitivity analyses related to the construction of the water quality index and how 
this index links to economic value. Further, any future EA should improve the linkages between projected changes in 
water quality to economic value. One such change includes updating the meta-analysis to include additional published 
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research detailed below. Our review also notes that EPA should prioritize efforts to measure the economic benefits 
associated with changes in water quality in several excluded bodies of water such as the Great Lakes, estuaries, and 
enclosed lakes and ponds. Given that these areas experience large numbers of recreational visits and include iconic 
bodies of water, without estimates related to these water bodies, the 2020 Rule’s economic benefit estimates were 
likely significantly below their true value. 

4. The Economic Impacts of Lead – The 2020 EA analyzed the economic impact of exposure to lead through fish 
ingestion. These estimates focus on earnings impacts tied to anticipated I.Q. loss in children. It is important to 
recognize that these are a lower bound (they do not incorporate many other values of reducing lead exposure). 
Furthermore, new research on lead implies that the EPA value of the impact of lead on lifetime earnings is too low. 
We show that there is compelling evidence to suggest this value should be at least twice as large as EPA’s current 
estimates. Any new EA should update this value and acknowledge that earnings losses are a lower bound estimate 
that can omit significant additional benefits.

5. Human Health Impacts of Toxic Pollutants – The 2020 Rule affected a host of toxic chemicals that have significant 
human health consequences. The 2020 EA did not monetize the economic consequences of many of these toxic 
substances due to perceived data limitations. Our review identifies studies that were overlooked and other research 
that could shed light on these areas for improved economic monetization. Future EAs should include these benefits.  

6. Economic Productivity – The 2020 Rule identified several benefit categories related to economic productivity. The 
cost to treat drinking water is one important category that was not monetized. Our review highlights new academic 
research that should be included to monetize these effects. 

7. Air Pollution Benefits – Reductions in air pollution play an important role in cost and benefit estimates related to 
the Rule. This occurs because EPA anticipated that the Rule would impact 1) energy use by steam electric power 
plants, 2) transportation-related emissions due to waste disposal, and 3) the profile of electricity generation. We 
identify several aspects of the monetization of air pollution benefits that warrant further attention. First, the EA 
generally estimated that the 2020 Rule would decrease adverse human health impacts. In turn, these changes in 
human health typically lead to significant benefits of the Rule. For Option A (the Final Rule), EPA estimated that 
the value of human health effects outweighs the harm done to Climate Change impacts and Ecological Conditions 
and Recreational Use. These results are striking in that they suggest that an action that will increase emissions leads 
to improvements in human health. They also run counter to the 2015 EA that estimated large economic damages 
associated with human health related changes to emissions. More attention should be given to these estimates given 
that these results served such a prominent role in the benefit-cost analysis. EPA should explain, in more detail, and 
justify, the assumptions that lead to these counterintuitive results.

 Second, the 2020 EA did not monetize several categories of air pollution benefits. These include averting behavior 
damages, coal storage damages, visibility impacts, cognitive impacts, and ozone impacts. Future EAs should monetize 
these categories. Third, current research suggests that the COI approach used by EPA may significantly understate 
the economic value of changes in exposure to local air pollutants. 

 Finally, the economics literature provides strong justification for using a global rather than domestic social cost of 
carbon (SCC). The 2021 report by Davis Noll and Rothschild demonstrated that this difference in the SCC played 
a critical role in the benefit-cost analysis. As their review demonstrated, the lower SCC provided greater weight for 
less stringent regulatory options. A revised EA should use a global SCC as its default value. 
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II. Economic Framework for Estimating Benefits

M any economic analyses of EPA rules and regulations that affect water quality use some form of an integrated 
assessment model (IAM) to measure the costs and benefits of a proposed regulation (Griffiths et al., 2012; 
Keiser, Kling, and Shapiro, 2019; Corona et al., 2020). This approach links economic models of the impact 

of a proposed rule with a model of the pertinent environmental system. In the benefit-cost analysis of the 2020 Rule, 
EPA used two hydrological models. The Downstream Fate and Transport Equations (D-FATE) model was used to 
assess the flow of toxic pollutants impacted by the 2020 Rule. A second model, the SPAtially Referenced Regressions 
On Watershed attributes (SPARROW), modeled the fate and flow of total nitrogen, total phosphorus, and suspended 
sediment concentrations. SPARROW is a hydrological model developed by the U.S. Geological Survey (USGS). The 
model is well-regarded and has been used in many applications.

These hydrological models formed the basis for predicting how pollution would travel under various scenarios considered 
in the EA. EPA then modeled the anticipated physical and economic effects of changes in pollution concentrations. 
Figure 2-1 from the 2020 EA provides a standard mapping showing how a proposed regulation will likely impact the 
environment and the anticipated changes in economic value. Academic literature supports this overall framework 
(Griffiths et al., 2012; Keiser and Muller, 2017; Keiser, Kling, and Shapiro, 2019). 

While the organizing framework is solid, there have been several recent advances in the components used to support the 
EA. EPA has invested heavily in recent years to improve both water quality modeling and the corresponding economic 
models used to analyze proposed rules and regulations (Corona et al., 2020). EPA should update these aspects of the EA 
in any related ELG rulemaking. We describe those efforts here:

Water Quality Models 

While SPARROW is a defensible model in many settings, it faces limitations in analyzing a national rule. For instance, the 
EA to support the 2020 Rule used several regional SPARROW models. This means that separate models were developed 
for different areas of the country, including the Northeast (Ator, 2019), Southeast (Hoos and Roland Ii, 2019), Midwest 
(Robertson and Saad, 2019), Pacific region (Wise, 2019) and Southwest (Wise, Anning, and Miller, 2019). Each of 
these models provides predictions of total nitrogen, total phosphorus, and suspended sediment concentrations. 

For consistency purposes, and when available, a national rule should use a consistent national hydrological model. 
Because “…full integration of hydrologic models and economic valuation has developed slowly in water regulations” 
(Corona et al. 2020), EPA has invested significant resources to develop a new national IAM capable of easily measuring 
proposed rules and regulations. The water quality component of this IAM is known as the Hydrologic and Water Quality 
System (HAWQS). It is a national water quality model explicitly built for assessing and measuring the economic benefits 
of water quality policies (Corona et al., 2020). While some aspects of HAWQS are still under development, an early 
version of the model is currently available to the general public, suggesting EPA could use it for future rulemaking and 
that it should at the very least be used for a sensitivity analysis of the benefit estimates here. 

Additionally, our review found limited documentation on the D-FATE model. To our knowledge, D-FATE has not been 
used to analyze other EPA rules and regulations. We suggest that EPA provide additional documentation to support the 
use of D-FATE and describe the advantages and disadvantages of this model for benefit-cost analysis. 
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Economic Framework 

The 2020 EA discussed several economic models that link to D-FATE and SPARROW. More recently, EPA has developed 
a new economic framework to model many of the impacts considered in the analysis of the 2020 Rule. This model is 
the Benefits Spatial Platform for Aggregating Socioeconomics and H2O (BenSPLASH). BenSPLASH links changes in 
water quality parameters to an impacted population and estimates the resulting economic benefits. Economic benefits 
are tied to water quality modeling through the use of a water quality index. A valuation function translates changes in the 
water quality index into changes in economic benefits. EPA estimates this function from a meta-analysis of water quality 
studies. EPA is building BenSPLASH as the economic companion to HAWQS for national and regional economic 
benefit assessment.  

In a recent paper, Corona et al. (2020) highlight the potential use of HAWQS and BenSPLASH in an application in the 
Republican River Basin. Several features of this application suggest that HAWQS and BenSPLASH may be available to 
analyze any updates to the 2020 Rule or related ELG rulemaking. For instance, the meta-data for the valuation function in 
BenSPLASH are taken from the 2015 Steam Electric EA (EPA, 2015; Corona et al., 2020). Updating these data and the 
valuation function to assess a new rule should be straightforward. Indeed, EPA highlights the flexibility of BenSPLASH 
as an attractive feature of the economic framework. The model also allows users to adjust key assumptions that impact the 
overall benefit estimates, such as the extent of the market and scale of the stream network (Corona et al., 2020). Corona 
et al. (2020) also note that BenSPLASH “includes an equally weighted seven-parameter version (of a water quality index) 
used in the EPA’s 2015 Steam Electric Effluent Limitation Guideline.” This suggests that BenSPLASH has been tailored 
to measure the benefits of reducing pollutants associated with the 2020 Rule. We encourage EPA to use BenSPLASH and 
incorporate other comments we note regarding the valuation process throughout this report.
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In addition to current efforts to build BenSPLASH, EPA recently funded six large projects to improve estimates of the 
economic value of water quality and proposed to conduct its own survey to measure the benefits of surface water quality 
changes.1 The request for applications for the six externally funded projects noted several vital elements in estimating the 
benefits of water quality improvements. These elements include 1) potential updates to the Agency’s use of a water quality 
ladder to link changes in water quality to economic benefits,2 2) improvements to modeling the spatial connectivity of 
households and ecosystems, and 3) incorporating the latest economics research into improving the methods used to elicit 
estimates of households’ willingness to pay for improvements in water quality. Addressing each of these components 
should help improve estimates of the benefits of water quality improvements for any future regulatory action. 

A proposed in-house stated preference survey by EPA seeks to improve upon several dimensions that are also explored in 
the research grants. For instance, EPA seeks to improve estimates of the extent of the market of water quality improvements, 
the relationship between the amount of water quantity that is improved and the amount of those improvements, and the 
reasons why individuals value water quality improvements (i.e., recreation vs. ecosystem function). When the findings 
from these research projects are complete, they should be incorporated into the BenSPLASH framework to the extent 
feasible. 

It is unclear how the use of a national water quality model and new national economics model would impact the overall 
benefit-cost estimates of the 2020 Rule. However, EPA has invested heavily in these aspects of analyzing water quality 
rules and regulations, and its products will be state of the art once fully operational. Any related regulatory rulemaking 
should use the latest science and economics to improve benefit estimates.

1 A description of these grants, the Request for Applications, and awarded institutions can be found here: https://cfpub.epa.gov/ncer_ab-
stracts/index.cfm/fuseaction/recipients.display/rfa_id/583/records_per_page/ALL. For full disclosure, Keiser and Kling are Principal 
Investigators funded by this grants program. The notice from EPA regarding its own national survey to measure the benefits of water quality 
improvements can be found here: https://www.regulations.gov/document/EPA-HQ-OA-2019-0292-0001.

2 A water quality ladder describes how different levels of water quality correspond to uses of water resources. For instance, a common water 
quality ladder used by EPA links improvements in water quality to the ability to use water resources for boating, then fishing, then swim-
ming, and possibly drinking.

https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/583/records_per_page/ALL
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/583/records_per_page/ALL
https://www.regulations.gov/document/EPA-HQ-OA-2019-0292-0001
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III. Missing Categories of Benefits

W hile the 2020 EA considered a range of economic benefits, two key 
categories of estimated health and environmental benefits were absent, 
which allowed EPA to claim that a less stringent alternative likely had 

positive net benefits.3 These unaccounted for benefits include amenity and local 
recreation benefits, but those can be captured by hedonic housing price impacts 
and health damages that can be partially measured by the costs associated with 
averting behaviors. Hedonic housing price impacts measure the damages to society 
from changes in pollution as reflected in housing values. Averting behaviors are 
costly actions that individuals take to reduce harmful or unpleasant effects of 
exposure to pollution. Both methods to estimate economic damages have featured 
widely in the economics literature (Phaneuf and Requate, 2017). Still, the EA did 
not measure them. Corona et al. (2020) note that efforts are underway at EPA 
to include hedonics in the BenSPLASH model to support future rulemakings. 
Here, we review the economics literature that should be considered in any related 
rulemaking in order to assess these categories of benefits.

A. Property Value Damages

The hedonic property value model is a commonly used approach in environmental 
economics to measure the economic benefits of pollution reductions and 
environmental rules and regulations (Rosen, 1974; Palmquist and Smith, 2002; 
Phaneuf and Requate, 2017). The intuition of the hedonic approach is that property 
values reflect the value that individuals place on both structural characteristics 
of homes (i.e., the number of bathrooms, bedrooms, square footage), as well as 
non-structural characteristics of homes (i.e., the quality of local schools, crime, 
local environmental amenities). Through the actions of many buyers and many 
sellers, resulting home prices reflect the implicit value of environmental amenities. 
Due to the restrictive assumptions needed to guarantee total capitalization of 
environmental values in prices, it is important to consider the extent of the benefits 
captured. It is quite possible, that hedonics lead to underestimates of water quality 
benefits (Kuwayama et al., 2022). Nonetheless, these methods provide valuable 
information for use in benefit estimates.

3 See Steam Electric Reconsideration Rule, 85 Fed. Reg. 64,650, 64,652 (Oct. 13, 2020) (to be codified at 40 C.F.R. pt. 423) (hereinafter 
“2020 Rule”) (estimating that the benefits (minus the forgone benefits) would range from −$1.7 million to $43.3 million using a 3 percent 
discount rate and from $6.5 million to $45.9 million using a 7 percent discount rate).

While the 2020 EA 
considered a range 
of economic benefits, 
two key categories 
of estimated health 
and environmental 
benefits were absent, 
which allowed EPA 
to claim that a less 
stringent alternative 
likely had positive 
net benefits.  These 
unaccounted for 
benefits include 
amenity and local 
recreation benefits, 
but those can be 
captured by hedonic 
housing price 
impacts and health 
damages that can be 
partially measured by 
the costs associated 
with averting 
behaviors. 
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There have been many economic studies that measure the hedonic home price impacts from several pollutants of concern 
in the 2020 Rule. We describe some of those studies here: 

Nutrient Pollution, Water Clarity, and Related Pollutants 

There is a robust literature that estimates the impact of nutrient pollution, water clarity, and related pollutants on home 
values. Guignet et al. (2021) survey this literature for the express purpose “…of value transfer.” A “value transfer” exercise 
is when a set of estimates of economic value derived in one setting are used to predict how economic value would change 
with respect to a change in water quality in another setting (this is sometimes referred to as benefits transfer). Value 
transfers are an important aspect of benefit estimates used in regulatory impact analyses, and are often used by EPA.  

Using 36 studies with 656 unique observations, Guignet et al. (2021) estimate average elasticities for 18 measures of 
water quality. These elasticities are estimates of the percentage change in home values given a 1 percent change in a 
specific water quality metric. The list of water quality parameters considered includes nitrogen, phosphorus, total 
suspended solids, turbidity, water clarity, and several others. Using a large number of studies that focus on water clarity 
(as measured by Secchi disk depth), the authors also estimate a meta-regression for this measure of water quality. Given 
that EPA anticipated the 2020 Rule would impact many of these pollutants, this meta-analysis or similar analysis should 
be considered in the estimates of the housing price impacts of any future regulatory rulemaking. 

Mercury 

Tang, Heintzelman, and Holsen (2018) estimate that homes within one mile of a fish consumption advisory in New York 
lakes realize a 6 to 10 percent decrease in home values. Mercury is the primary pollutant of concern in the study. Other 
pollutants that trigger advisories include P.C.B.s, chlordane, and dioxin. Future regulatory rulemaking should use these 
findings to estimate amenity and local health impacts as measured through housing price changes related to the impact 
on the flow of mercury.
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Toxic Pollutants 

Several recent studies find negative impacts of toxic pollutants on home values. Austin (2020), in a current working paper, 
studies the impact of coal ash discharges on water quality, fetal health, and home prices. He finds that coal ash discharges 
increase surface water levels of heavy metals, including arsenic, lead, and selenium. He also finds that these releases lead 
to a greater number of violations for downstream drinking water systems. These violations include inorganic compounds, 
arsenic, and health-based standards. There are significant, negative corresponding health impacts on children. Finally, his 
results suggest large, negative impacts of contaminated drinking water on homes within 1 mile of a coal ash pond.4   

In a separate working paper, Cassidy, Meeks, and Moore (2021) study the impact of hazardous water quality on home 
values as reflected through the Area of Concern (AOC) Program. The authors find that toxic pollutants in the Rust Belt 
area of the U.S. significantly reduced home prices. The study does not consider specific pollutants but notes that “…
persistent chemicals such as PCBs and PBDEs are found in the water, sediment, wildlife, and people who live near the 
Great lakes” (Cassidy, Meeks, and Moore, 2021). This work is in line with Mendelsohn et al. (1992), which estimates 
a large, and significant impact of PCB contamination on home values near the harbor in New Bedford, Massachusetts. 
While these studies do not tie specific pollutants from Steam Electric plants to home prices, they do find an impact 
from related pollutants and suggest the need to carefully consider how toxic, persistent pollutants may lead to significant 
housing price impacts.

There is also a substantial literature on air pollution, related toxics, and home prices. Currie et al. (2015) examine the 
impact of the opening and closing of facilities on EPA’s Toxic Release Inventory (TRI) on housing prices and human 
health. They find that plant openings result in a 11 percent decline in local home values, and their operation significantly 
impacts the probability of low birth weight within a short distance of the plant. Given the prevalence of Steam Electric 
facilities on the TRI, this research should inform the analysis of the impacts on air pollution from these facilities of 
changes to the 2020 Rule or any future regulatory rulemaking.  

Incorporating hedonic housing price impacts into future EAs is needed but will require careful consideration and EPA 
will likely need to highlight the fact that any estimate based on hedonics alone is likely to be an underestimate. The 
economic theory that supports the hedonic property value model suggests that the model can theoretically capture all 
economic benefits of water quality improvements, except nonuse values. This means that if the hedonic model operates 
perfectly and one has the data to estimate a hedonic model, the results will reflect all economic benefits of a considered 
rule. However, the theoretical model that supports this interpretation relies on several strong assumptions that make 
the full and accurate capitalization of damages unlikely. These include an assumption that individual homeowners are 
perfectly informed of the environmental quality and impacts of pollution exposure, that all combinations of housing 
and environmental attributes in housing choices are available, and that movement from one home to another is costless. 
Empirical evidence suggests that, in practice, full capitalization cannot be assumed. 

In air pollution settings, Kuminoff (2018) finds that hedonic approaches to measuring the benefits of the Clean Air Act 
yield significantly smaller economic benefits than those that rely on alternative models based on dose-response estimates 
of human health impacts related to air pollution. These findings raise the question as to whether hedonics could play a 
role in related ELGs and, if so, how? Our view is that hedonic estimates should contribute to, and support, new EAs, 
particularly when there are no other means by which to estimate appropriate values. A large fraction of the benefits of 
water quality improvements measured by the 2020 EA focused on the ecological and recreational benefits of changes in 

4 As discussed below, the degree of capitalization of these damages into house prices is unlikely to reflect total damages. Fetal health effects 
and drinking water violations that are suffered by households outside of this radius are unlikely to be reflected accurately.
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water quality. We agree with this emphasis, as tens of millions of U.S. households participate in water quality recreation 
each year. However, the economics literature also suggests a strong impact of water quality on home values. These impacts 
are generally concentrated close to water bodies and likely reflect recreational use value, in addition to other values such 
as the amenities associated with living near and enjoying a body of water. Thus, a future EA should consider hedonic 
impacts by estimating impacts of changes in water quality on homes very close to waterbodies. Since these hedonic 
estimates also likely reflect recreational use value, a future EA could subtract the recreational value of these particular 
homes from the hedonic estimates, so as not to double count benefits. The one exception is nonuse values. Since hedonic 
estimates do not capture nonuse values, these should not be subtracted from the hedonic estimates. Instead, they should 
be added to any use value estimates, hedonics or otherwise. 

The economics literature provides guidance on how to determine which homes to model for property value benefits 
versus recreational benefits. Determining how far away the benefits of water quality improvements capitalize into 
housing markets is the economic concept known as the “extent of the market.” Guignet et al. (2021) focus their analysis 
on home values within 500 meters of a waterway and note that some studies have detected impacts up to approximately 
one mile away. Thus, a hedonic price analysis for a future rulemaking could consider home prices within a tight distance 
of impacted waterways, such as one mile. However, this does not imply that the total benefits of the Rule should stop at 
one mile. Rather, a hedonic property value analysis could use the elasticities and meta-analysis results in Guignet et al. 
(2021) to estimate the economic benefits of households within one mile of an impacted waterbody. The EA would then 
add these estimates to recreational and other categories of benefits that accrue to residents greater than one mile away. 
Given that EPA is developing the capability to include hedonic housing price impacts in future benefit estimates (Corona 
et al., 2020), this aspect of economic benefits should be considered in any future, related EA. 

B. Averting Behavior

Averting behaviors are actions that individuals take to protect themselves 
from the harm of exposure to pollution. The economics literature 
demonstrates that these actions are costly, widespread, and an important 
component of the health impacts of pollution regulations (Phaneuf and 
Requate, 2017). Under some circumstances as demonstrated by Bartik 
(1988), averting behavior expenses reflect the full damages from a 
pollutant, but these are potentially quite restrictive (i.e., averting behavior 
costs capture the full benefits only if the good purchased is a perfect 
substitute for the unpolluted state). Thus, in many circumstances, these 
averting behavior costs should be added to the health impacts that remain 
after any mitigating behavior. The EA for the 2020 Rule did not consider 
or mention this potential approach to estimating damages. Since the 2020 
Rule impacts both drinking water sources and air pollution exposure, any 
future, related ELG should include damage estimates reflecting health 
effects that can be estimated via averting behavior methods. We outline 
two possible mechanisms for future work:

Averting behaviors are 
actions that individuals take 
to protect themselves from 
the harm of exposure to 
pollution. The economics 
literature demonstrates 
that these actions are 
costly, widespread, and an 
important component of the 
health impacts of pollution 
regulations.



10

Averting Behavior and Drinking Water 

Recent research documents the link between poor water quality, drinking water violations, and averting behavior such 
as the purchases of bottled water and filters. Allaire et al. (2019) establish a strong relationship between sales of bottled 
water and violations of the Safe Drinking Water Act. The authors find that health-based Tier 1 violations increase sales 
of bottled water by 14 percent. These violations have the potential to cause serious health impacts even with short-term 
exposure. Tier 2 violations of other pollutants increase sales by 5 percent. Tier 2 violations are related to pollutants that 
have serious health concerns due to exposure over longer time periods. Similar to Allaire et al. (2019), Graff Zivin, 
Neidell, and Schlenker (2011) find significant averting responses to drinking water violations in Northern California and 
Nevada. One broad category that they examine, “Elements/chemicals,” contain pollutants relevant to the 2020 Rule such 
as arsenic and disinfection byproducts. Sales of bottled water increase approximately 17 percent in response to a violation 
within the “Elements/chemicals” category. Their estimates imply that consumers increase spending by $60M annually 
in response to drinking water violations. Other literature that supports strong averting behavior related to degraded 
drinking water include applications ranging from lead (Christensen, Keiser, and Lade, 2021) to shale gas development 
(Wrenn, Klaiber, and Jaenicke, 2016). 

Given that the 2020 Rule does not require limits on bromide, which impacts drinking water systems, the 2020 Rule 
should have documented how the Rule may increase the prevalence of violations at drinking water treatment plants and 
subsequent averting behavior. In recent years, disinfection byproducts comprise one of the largest categories of drinking 
water violations (Allaire, Wu, and Lall, 2018). Since disinfection byproducts are an important consequence of the 2020 
Rule, this suggests that averting behavior may play a significant role in measuring benefits.5 These averting behavior costs 
are in addition to those related to drinking water treatment costs. Further, as discussed above, Austin (2020) finds that 
coal ash discharges are associated with higher levels of drinking water violations. 

5 In the EA for the 2020 Rule, EPA discussed how halogens such as bromide and iodine result in increased disinfection byproducts. These 
halogens are discharged by steam electric power plants and serve as precursors to disinfection byproducts. 
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Averting Behavior and Air Pollution Exposure 

EPA admitted that the air pollution related benefits are underestimated because they “did not analyze all benefits of 
changes in NOx, SO2, and other pollutants emitted by EGUs” (p. 8-24). The EA included two categories of health 
benefits: mortality and morbidity. As stated in the EPA Guidelines for Preparing Economics Analyses (EPA, 2010), 
morbidity effects consist of four main components: 1) Averting expenditures, 2) Mitigating costs for treating illness 
such as the cost of medical care and medication, 3) Indirect costs such as lost time from work and leisure, and 4) Pain 
and suffering. EPA measures a portion of morbidity costs using a COI approach. As EPA notes, “…cost-of-illness (COI) 
estimates generally capture only mitigating and indirect costs, and omit averting expenditures and lost utility associated 
with pain and suffering” (EPA, 2010).   

In recent research, Deschênes, Greenstone, and Shapiro (2017) use new data on pharmaceutical expenditures to 
study averting behavior related to the NOx Budget Program. The authors find that defensive expenditures related to air 
pollution exposure represent over one-third of the estimated benefits of the program. This research is directly related to 
the pollutants and electric generating units impacted by the 2020 Rule. Prior EPA estimates suggest that over 90 percent 
of the human health impacts of air pollution benefits are attributable to mortality (EPA 2019, p. 4-23). The 2020 EA 
did not provide a breakdown of the fraction of benefits by mortality or morbidity. However, the results of Deschênes, 
Greenstone, and Shapiro (2017) call into question how well prior COI estimates capture the full extent of morbidity 
estimates. Deschênes, Greenstone, and Shapiro’s (2017) results suggest that standard COI estimates may significantly 
undervalue morbidity estimates, which implies that the 2020 EA may have significantly undervalued these benefits.
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IV. Ecological and Recreational Benefits

T he 2020 EA included estimates of the ecological and recreational benefits associated with the 2020 Rule. Including 
ecological and recreational benefits is important, as this category of benefits often represents the largest share of 
estimated benefits of changes in water quality (Olmstead, 2009). To estimate these benefits, EPA first assessed 

the impacts of the Rule on an aggregate measure of water quality, a Water Quality Index (WQI). EPA then used a benefits 
transfer exercise that takes advantage of a meta-analysis used to value changes in the WQI. Thus, EPA estimated benefits 
by simulating changes in water quality from the 2020 Rule, translating these changes into changes in the WQI, and then 
valued these changes using a benefits function from a recent meta-analysis. The overall procedure for estimating these 
benefits is common and has been used previously by EPA to estimate benefits of water quality rules and regulations 
(Griffiths et al., 2012). While the procedures for estimating these benefits are standard, a number of important aspects 
of the analysis should be reconsidered or expanded in subsequent EAs:

Water Quality Index 

As discussed previously, the water quality models used to estimate the WQI should be replaced with EPA’s HAWQS 
model; it has been developed specifically for benefit estimate purposes. 

Further, in analyses of future rulemaking, EPA should consider how the aggregation function used to construct the WQI 
impacts benefit estimates. Since the WQI is a function of many underlying measures of water quality, some discretion is 
left to the analyst as to how to combine these distinct parameters into one composite measure of water quality. Walsh and 
Wheeler (2015) find that the procedure for combining these separate measures of water quality can have a significant 
impact on the benefit estimates of water quality rules. They study how the aggregation procedure impacts the benefit-cost 
analysis of the 2003 EPA CAFO rule. In particular, they explore the sensitivity of estimates to four different aggregation 
functions: the geometric, arithmetic, and harmonic means, and a minimum operator. They find that, “…the aggregation 
function can have a profound impact on the estimated benefits of the Rule, yielding a range of $82 million to $504 
million dollars. In fact, the choice of indicator determines whether the net monetized benefits of the CAFO Rule are 
negative or positive.” 

While Walsh and Wheeler (2015) find support for, “…the continued use of the geometric mean…”, they note that, 
“…several steps in the construction the WQI need to be updated.”6 They recommend updating the WQI given that its 
current construction dates back to the 1970s. There have been significant improvements in our understanding of the 
supporting sciences since that time, as well as changes in priorities regarding particular pollutants. They also recommend 
improving the link between valuation and the aggregation function itself and to study how variation in constructing the 
WQI may correspond to different valuation of water quality. At a minimum, in evaluating any future, related rule, it would 
be prudent for the agency to report the sensitivity of benefit estimates with respect to the method used to construct the 
index. The 2020 EA used the geometric mean. While Walsh and Wheeler (2015) find that the geometric mean yields 
a middle of the road estimate of benefits for the 2003 CAFO rule ($287M), it is difficult to know a priori how different 
weighting schemes will behave in any other rule.

6 Walsh and Wheeler (2015) note that their, “sensitivity analysis did not support a switch from the geometric mean. With the geometric 
WQI, the importance of individual parameters to estimated benefits is a good reflection of the weights provided by a panel of hydrology ex-
perts. Also the geometric mean does not inflate high valued indicators or eclipse the most impaired indicator as much as the other aggrega-
tion functions.”



13

 Studies Used in the Meta-analysis 

The studies used to construct the benefits transfer function were based on studies from 1985 to 2017. Any future, related 
EA should include new publications. We found at least one new published paper (Choi and Ready, 2021) and one new 
working paper (Sandstrom et al., 2021) that employ similar methods as other studies included in the meta-analysis. As 
discussed in Section II, EPA has also funded several new projects to improve estimates of the economic value of water 
quality. Once the results of these valuation studies become available, they should be incorporated into an updated meta-
analysis. 

Model Assumptions and Sensitivity Analysis

Two different versions of the meta-analysis were presented in the EA. However, the results of this meta-analysis call into 
question the robustness of the results and the sensitivity of the benefit estimates. For instance, across the four models that 
were published in 2015 (EPA, 2015) and then again in 2020 (EPA, 2020a), there are four variables where the coefficient 
estimates change signs entirely across the four specifications. These variables include “wtp_median,” “River,” “swim_use,” 
and “gamefish.” This fact suggests that the model may be mis-specified or suffer from issues related to endogeneity, which 
would suggest that further work is needed to improve the meta-analysis. It is not clear how changes to the meta-analysis 
would impact overall benefit estimates, but given that the parameters on some variables change sign, the sensitivity of the 
benefit estimates to different model specifications needs to be tested and analyzed.   

Omission of Great Lakes, Estuaries, and Enclosed Lakes and Ponds

EPA recognized several limitations of its analysis. One that was particularly important is the omission of the economic 
benefits associated with water quality changes in the Great Lakes and estuaries. The agency noted that six of the 112 steam 
electric power plants in their analysis discharge to these waterbodies. Five of these plants discharge to the Great Lakes 
and one discharges to Hillsborough Bay in Tampa, FL. The agency also noted that omitting these power plants, “likely 
underestimates benefits of water quality changes from the regulatory options” (EPA, 2020a). Given that the Great Lakes 
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and many estuaries support significant recreational activities for large population centers, more focus on this omission is 
necessary. Its omission could have a significant impact on recreational benefit estimates. To move forward on this issue, 
the agency could model how nutrient pollution impacts outcomes of interest including recreation and housing values. 
These impacts could then be tied to economic value by appealing to valuation studies of the Great Lakes (Palm-Forster 
et al., 2016; Wolf et al., 2017, 2019; Wolf and Klaiber, 2017; Zhang and Sohngen, 2018) and Tampa Bay (Kuwayama, 
Olmstead, and Zheng, 2022).

Further, this analysis excluded economic benefits of enclosed lakes and ponds. Their exclusion in the analysis likely 
significantly decreased overall benefit estimates. To the extent possible, these resources should be a priority area in 
terms of understanding and incorporating their benefits. One possibility is to include hedonic and recreational benefit 
estimates associated with lakes and ponds consistent with the approach described above, while including recreational 
and ecological benefits of other water resources.
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V. The Economic Impacts of Lead

T he EA for the 2020 Rule listed a number of adverse impacts of lead exposure. These effects include “decline in 
cognitive function, conduct disorders, attentional difficulties, internalizing behavior, and motor skill deficits…”, 
as well as “adverse health outcomes related to the immune system…” and “…lower birth weight in newborns…” 

(EPA, 2020a). EPA stated that due to data limitations, it estimated only the economic damages from lead as reflected 
through changes in I.Q. and subsequent decreases in lifetime earnings. But a substantial economics literature exists and 
continues to show significant economic damages associated with lead exposure beyond that. For example, research by 
Lanphear et. Al (2018), cited by EPA in the EA, provides a dose-response function linking blood lead levels to increased 
mortality rates in exposed populations, even at very low doses (Lanphear et al., 2018). These damages are even larger 
in comparison to the cognitive impacts associated with lifetime earnings. Although many of these studies focus on lead 
exposure through air, others focus on ingestion through other media. Future, related EAs should reconsider the range 
of important, unmeasured economic benefits of lead reduction. Where appropriate, these estimates should supplement 
those previously measured. 

Here, we highlight two broad areas for the agency to consider. First, we show that the impacts of lead on lifetime earnings 
are too low. Next, we discuss several new studies of the economic impacts of lead that further show the agency’s estimates 
of the damages from lead exposure are too low.
 
Impacts of Lead on Lifetime Earnings

Several new published studies and working papers mark important advancements in identifying the causal impact of 
lead on human health and long-run economic outcomes. Gronqvist, Nilsson, and Robling et al. (2020) use a detailed 
dataset of approximately 800,000 children in Sweden to understand the impact of lead exposure on long-run outcomes 
including crime and lifetime earnings. The authors write, “The pattern is clear: higher levels of exposure in early childhood 
are linked to lower GPA, a reduced likelihood of high school completion, and a greater risk of crime.” Their results 
suggest that lifetime earnings decrease by 0.88 percent per 1 µg/dl increase in blood lead levels.7 Given a median lifetime 
earnings in the United States of $1.7M, this translates into a lifetime earnings impact of approximately $15,000 per 1 
µg/dl change in blood lead levels.8 By comparison, the 2020 EA used a much smaller estimate of the impact of lead on 
lifetime earnings. The EA for the 2020 Rule estimated that a value of 1 I.Q. point is $20,832 (2018$). EPA also used an 
estimate that for every change in 1 µg/dl in blood lead levels, I.Q. falls by approximately 0.31595 points.9 In other words, 
EPA’s estimate implied an average lifetime income reduction of $6,581.87 per 1 µg/dl increase in blood lead levels, which 
is less than half of that implied by Gronqvist, Nilsson, and Robling (2020). While estimates of lifetime earnings losses are 
critical, they omit the value of all of the other reasons people are willing to pay to avoid lead damages. However, they do 
provide a very valuable lower bound estimate. 

7 This calculation uses the authors’ estimate of 4.4% higher lifetime earnings (among males) when early-childhood blood lead levels decrease 
from 10 to 5 µg/dl.

8 The value of $1.7M median lifetime earnings is from Carnevale, Rose, and Cheah (n.d.), which is based on the 2007-2009 American Com-
munity Survey.

9 We evaluate this change between 10 and 9 µg/dl to be consistent with Hollingsworth and Rudik’s (2021) calculation of changes in blood 
lead levels due to deleading. We use Equation 5-5 on page 5-7 (EPA, 2020a). Given that this function is non-linear, these expected changes 
in income depend on the baseline lead levels. If instead, we evaluated the change based on the average impact between 10 and 5 µg/dl, this 
would imply a lifetime loss of $8,371.
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Recent work by Hollingsworth and Rudik (2021) and Hollingsworth et al. (2021) similarly suggests much larger 
lifetime earnings impacts than that used by EPA. The two studies use a prior regulatory exemption for leaded gasoline 
in automotive racing in the U.S. to estimate the causal impact of lead exposure on elderly mortality (Hollingsworth 
and Rudik, 2021) and student test scores (Hollingsworth et al., 2021). Hollingsworth and Rudik (2021) provide a 
conservative estimate that the deleading of NASCAR and ARCA races resulted in a 0.17 µg/dl decrease in blood lead 
levels in children. In a separate analysis, Hollingsworth et al. (2021) estimate lost earnings for an average third grader 
in Florida within a 50 mile radius of a relevant racetrack. The authors estimate an average lifetime income reduction of 
$2,659.80 to $4,058.06 in 2020 dollars using a 3 percent discount rate. Using a back of the envelope calculation, this 
implies an average income reduction of $15,645.88 to $23,870.94 per 1 µg/dl increase in blood lead levels. These impacts 
are similar, though higher than Gronqvist, Nilsson, and Robling (2020). 

Recent Research on Fertility and Housing Values

A set of recent studies find impacts of lead on fertility. While there has not yet been a systemic review of these outcomes, 
EPA should consider quantifying these effects when there is at least one study of high quality relevant to the to the 
regulatory analysis so as not to underestimate benefits. For example, Grossman and Slusky (2019) estimate that the 

drinking water crisis in Flint caused a 12 percent decrease in fertility rates and 
resulted in a 5.4 percent decrease in birth weight. Another recently published 
study, Clay, Portnykh, and Severnini (2021), find similarly large impacts of lead 
on fertility. While Clay, Portnykh, and Severnini (2021) focus on lead in air, 
they find that the observed decrease in airborne lead from 1978 to 1988 in the 
U.S. caused a 6 percent increase in mean fertility. The corresponding economic 
benefits of this reduction are large. The authors write, “If the fertility benefits 
were counted as social benefits, the phasedown of lead in gasoline would pass 
a cost-benefit analysis based on these benefits alone” (Clay, Portnykh, and 
Severnini, 2021). 

Other recent studies use the housing market to estimate a willingness to pay to 
reduce lead exposure. Theising (2019) estimates that remediation of lead service 
lines increases a property’s value by approximately 3 to 4 percent. Christensen, 
Keiser, and Lade (2021) estimate that the Flint drinking water crisis reduced 
property values in Flint by 25 to 44 percent. In both settings, lead is ingested 
through water. 

Taken together, these new studies, and others, suggest that EPA’s estimate of the 
economic damages of lead were too low. At a minimum, EPA should revise the 
economic damages associated with lifetime earnings and recognize that these 
are lower bounds on the total value. It should seek approaches to estimate the 
other health and social impacts of lead exposure.
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VI.  Human Health Impacts of Toxic Pollutants

T he EA for the 2020 Rule acknowledged that there are numerous toxic pollutants released from steam electric 
power plants (EPA, 2020a). In addition to lead discussed supra Section V, these pollutants include aluminum, 
boron, cadmium, hexavalent chromium, manganese, mercury, selenium, thallium, and zinc. Once discharged, 

they can become concentrated in fish that are exposed to contaminated water and subsequently harm human health 
when these fish are consumed for food. EPA did not quantify or monetize any changes in health effects from exposure to 
these pollutants through fish consumption, instead claiming that data limitations and uncertainty in the dose-response 
relationship for numerous health endpoints prevented the agency from better quantifying these harms (EPA, 2020a).

However, as EPA itself acknowledged, “dose-response functions are available” for a subset of health endpoints for these 
contaminants (EPA, 2020a). The agency did not sufficiently explain why it opted not to quantify the impact of various 
regulatory options on these health effects for which a dose-response relationship exists. In analyses of future ELGs, the 
agency should instead provide as much information about these impacts as possible. For instance, as EPA noted in its 
environmental impact assessment accompanying the 2020 Rule, increased exposure to cadmium can lead to chronic 
kidney disease (EPA, 2020c). Epidemiological studies have found relationships between cadmium exposures and kidney 
function damage at levels below the reference dose set by EPA’s Integrated Risk Information System (IRIS) program 
(Ginsberg, 2012). Furthermore, researchers have published a method to quantitatively connect cadmium exposure levels 
to health effects on specific kidney markers, notably loss in glomerular filtration rate (Ginsberg, 2012). As the authors 
of this recent study explain, their methodology and findings provide a method for quantification and monetization of 
the health harms from chronic kidney disease, such as the “costs of disability and medical care” (Ginsberg, 2012). Other 
toxic chemicals, such as boron (EPA, 2004), selenium (EPA, 1991), thallium (EPA, 2009), and zinc (EPA, 2005), have 
oral reference doses listed in EPA’s IRIS database that could be used to quantify the potential health impacts of exposures 
by modeling the underlying data that serves as the basis for the reference dose. Given these research findings, EPA should 
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reexamine its determination that there is insufficient data to properly quantify and 
monetize the health effects of toxic pollutants in these wastewater streams. 

Recent methodological advances in quantifying health effects could also allow the 
agency to better assess the harms from these toxic pollutants, particularly given the 
large number of non-cancer health harms associated with these chemicals. The World 
Health Organization (WHO) has pioneered a probabilistic approach to assessing 
non-cancer health effects from toxic chemicals that accounts for differences in 
individual susceptibility to adverse health outcomes, data uncertainty, and harms at 
low doses of exposure (WHO International Programme on Chemical Safety, 2018; 
Chiu et al., 2018). EPA should carefully consider how the methodologies presented 
in Ginsberg (2012) and Chiu et al. (2018) can be applied to the non-cancer health 
effects literature for all toxic pollutants released from steam electric power plants to 
quantify and monetize the benefits of reduced exposure. 

EPA should also model these relationships without the assumption of a zero risk level as recommended by the National 
Academy of Sciences in the report Science and Decisions (National Academy of Sciences, 2009). Following this report, 
the agency issued new guidance instructing risk assessors to account for populations that may be particularly susceptible 
to toxic chemicals because of intrinsic or extrinsic factors (EPA, 2014). These include life stage and genetics as well as 
co-exposure to other toxic chemicals and pre-existing health conditions exacerbated by systemic inequalities such as 
poverty (Koman et al., 2019). By making these changes to the agency’s assessment of toxic chemicals risks to vulnerable 
populations, EPA will better account for the additional health benefits they receive from more stringent controls.

Finally, EPA’s Office of Water should consider coordinating with the Agency for Toxic Substances and Disease Registry 
(ATSDR) to gather additional data that are needed to assess the health effects of the toxic pollutants in these wastewater 
streams. Congress created the ATSDR through the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) in order to better investigate the health effects of toxic pollutants where such research is 
otherwise unavailable (42 U.S.C. § 9604(i)(1)(B)). The ATSDR requests nominations for new chemicals to review 
each year through its program on toxicological profiles and has particular expertise in assessing cumulative exposures 
to multiple pollutants (ATSDR, 2004). The agency has recently listed several toxic chemicals that are present in these 
wastewater streams on the agency’s “Substance Priority List” for updates to their toxicological profiles, notably lead, 
cadmium, hexavalent chromium, zinc, manganese, selenium, and aluminum (ATSDR, 2019). Any new information, 
data, or studies developed through the ATSDR process should be assessed as part of EPA’s future ELG analyses in order 
to better quantify and monetize the human health effects of these numerous toxic chemicals if additional information is 
needed on dose-response relationships.
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VII. Economic Productivity

E PA described several categories of impacts under the umbrella of economic productivity. This included the 
marketability of coal ash for beneficial use, water supply and use, reservoir capacity, sedimentation changes in 
waterways, commercial fisheries, tourism, and property values. Davis Noll and Rothschild (2021) highlight 

potential issues with benefit estimates related to the marketability of coal ash. We discuss property value impacts in 
Section III of this report. Here, we focus on a potential improvement to the approach used to address benefits related to 
water supply. 

In Section 2.3.2.1, EPA noted “The regulatory options have the potential to affect costs of drinking water treatment (e.g., 
filtration and chemical treatment) by changing eutrophication levels and pollutant concentrations in source waters.” EPA 
determined that these effects were “…likely to be negligible.” But that assumption is not supported. There is research 
that would allow a more robust examination at the very least of the relationship. For example, recent work by Mosheim 
and Ribaudo (2017) and Price and Heberling (2018) links changes in a number of relevant pollutants with drinking 
water treatment costs. Mosheim and Ribaudo (2017) develop a cost function for linking changes in nitrogen in source 
water with drinking water treatment costs. In addition, Price and Heberling (2018) review the academic literature and 
describe forty-six elasticities related to water quality parameters. These elasticities represent the percentage change in 
drinking water treatment costs associated with a one percent change in the water quality parameter. These estimates span 
a large set of water quality parameters including turbidity, total organic carbon, nitrogen, sediments, phosphorus, among 
others. Any new analysis of related ELGs should consider the feasibility of using these cost studies to evaluate different 
regulatory options and impacts.
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VIII. Air Quality Related Benefits

T he EA for the 2020 Rule estimated two main categories of benefits related to air quality changes. The first is 
the economic benefits related to human health impacts. The second is the economic benefits associated with 
climate change. These two categories of benefits accrue through three main mechanisms. First, EPA examined 

the changes in energy associated with treating and handling changes in waste associated with the 2020 Rule. Second, the 
2020 EA considered transportation-related damages associated with transporting waste to landfills. Third, the Agency 
considered changes in air pollution related to changes in the electricity generation profile. Here, we describe several 
features of this analysis that warrant further attention. We also discuss how updates to the SCC could have large impacts 
to the underlying benefit-cost analysis.  

A. Local Air Pollution Benefits 

One of the more puzzling aspects of the 2020 EA is that the regulatory options explored by EPA suggest a general 
improvement in human health, despite a decrease in regulatory stringency. As detailed in Chapter 5 of the 2020 Rule’s 
regulatory impact analysis (EPA, 2020b)—and as reflected in the 2020 EA’s Table 8-5 (EPA, 2020a)—the 2020 Rule 

is expected to result in greater local-pollutant emissions within the electricity 
sector through changes in generation mix (e.g., coal versus natural gas versus 
renewables), electric generation capacity, and plant retirements.10 Other things 
being equal, that would presumably lead to worse, not better, health outcomes. 
Yet, despite this, EPA found that the rule reduced expected premature deaths 
(see Tables 8-10 and 8-11 from EPA, 2020a). While the 2020 EA’s Table 8-2 
demonstrates modest decreases in local pollutants owing to effects on power 
requirements and trucking needs at steam electric power plants,11 those 
decreases are too small to justify the estimate of strong overall health benefits. 
Indeed, Table 8-2 does not even report those changes having any impacts on 
PM2.5 emissions, which are often the most pronounced impacts on health of 
any local pollutant.

This counterintuitive finding warrants further explanation and examination by EPA, especially because the above 
factors fail to explain it. Further, these findings are significant. They suggest large economic values related to the general 
improvement in human health. For instance, in Table 11-1 and 11-2 of the 2020 EA, the category “Human health effects 
from changes in NOx, SO2, and PM2.5 emissions” are the overwhelming reason why the 2020 EA passes a benefit-
cost analysis. The value related to the improvement in human health offsets the damages to “Ecological Conditions and 
Recreational Use Changes”, which is the largest category of non-air related damages. The human health impacts of these 
local air pollutants further offset the significant category of climate damages. This finding is also a departure from the 
2015 EA which generally found significant negative human health consequences of less stringent regulatory options.

10 See EPA (2020b) at 5-10 to 5-14 tbl.5-4 (reporting greater greenhouse gas and local pollutant emissions in representative year 2030); EPA 
(2020a) at 8-6 to 8-6 tbl.8-5 (reporting higher emissions of most pollutants in most years, with the possible slight exception of sulfur diox-
ide).

11 See EPA (2020a) at 8-4 tbl.8-2.
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Further, the analysis by EPA undercounted economic benefits of reductions in local air pollutants in several ways. These 
benefits should be addressed in future ELG analyses:

1. Morbidity Damage Estimates 

As discussed in Section III.B., the 2020 EA did not consider averting behaviors as a subset of morbidity impacts. 
Economic research suggests the importance of these actions (Mansfield, Johnson, and Van Houtven, 2006; Graff Zivin 
and Neidell, 2009). Further, research by Deschênes, Greenstone, and Shapiro (2017) suggests that COI estimates may 
significantly undercount overall morbidity estimates. This category of air pollution damages could represent a sizable 
portion of overall air pollution impacts.

2. Coal Storage Damages 

Recent research by Jha and Muller (2018) estimates that coal stockpiles at U.S. power plants increase local concentrations 
of PM2.5. For every one ton increase in these stockpiles, Jha and Muller (2018) estimate economic damages of $197. 
Future rulemaking should consider these additional costs associated with coal production.

3. Visibility and Recreation 

Visibility impairments due to increases in local air pollution are not measured or counted in the EA. There are a number 
of studies that measure the economic benefits of improved visibility (Chestnut and Rowe, 1990; Smith et al., 2005; 
Boyle et al., 2016). While these studies focus on Class I areas, including National Parks and wilderness areas, they could 
inform the economic consequences of changes in visibility due to changes in local air pollutants from the Rule. Other 
recent research by Keiser, Lade, and Rudik. (2018) links changes in ozone concentrations to changes in visitation at U.S. 
National parks. Any future analyses should consider a benefits transfer approach that applies a value of a recreational day 
to the relationship between ozone and visitation estimated by Keiser, Lade, and Rudik. (2018). 
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4. Cognitive Impacts 

A robust literature now exists that links the impact of air pollution to a host of other, important health impacts. Among 
U.S. studies, Bishop, Ketcham, and Kuminoff (2018) find a strong and economically significant impact of PM2.5 on 
dementia. Austin, Huetel, and Kreisman (2019) find a significant impact of air pollution on academic performance. In 
Israel, similar research by Ebenstein, Lavy, and Roth (2016) finds a strong link between PM2.5 and student performance 
on high-stakes exams and future educational attainment and earnings. EPA should incorporate these impacts to the 
extent possible. 

5. Ozone Impacts 

The 2020 EA noted that EPA’s prior analyses of ozone’s health impacts concluded that ozone contributes to premature 
mortality through at least cardiovascular and respiratory pathways. But the agency claimed that “the currently available 
evidence for cardiovascular effects and total mortality is suggestive of, but not sufficient to infer, a causal relationship with 
short-term (as well as long-term) ozone exposures” (EPA, 2020a). While the agency works out how to isolate ozone-
induced premature mortality through respiratory pathways, it “remov[ed] the estimate of the impact of reduced ozone 
exposure on premature mortality from its benefits estimates from subsequent rulemakings” altogether (EPA, 2020a). In 
future ELG analyses, as the EA noted, the agency should include respiratory benefit estimates. 

B. Climate Change Benefits

In a prior analysis of the 2020 EA, Davis Noll and Rothschild (2021) highlight the critical role of the SCC in determining 
the outcome of the benefit-cost analysis. The SCC is an estimate of the economic damages that result from emitting an 
additional ton of CO2 into the atmosphere. It played an important role in the EA for the 2020 Rule because the various 
options considered by EPA yielded different anticipated mixes of sources of electricity generation. The choice to use a 
lower SCC in the 2020 EA yielded a benefit-cost analysis that was more favorable to a less-stringent ELG option. The 
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category of climate-related benefits is important. In the 2020 EA, climate change impacts were one of the top three 
largest categories of benefit estimates. In the prior 2015 EA, they were one of the top two largest categories of estimated 
benefits across various options considered by EPA. 

Given the significance of this aspect of the analysis, we review how the choice of the SCC affects the overall benefit-cost 
analysis. The 2020 EA used a SCC that ranged between $7 to $11 (2018$ / metric ton of CO2) for a 3 percent discount 
rate and $1 to $2 for a 7 percent discount rate over the period 2020 to 2050. These estimates reflected the revised SCC 
set during the Trump Administration. However, these values were significantly lower than those used by EPA just a few 
years prior in the 2015 EA. Those values ranged from $67 to $92 (2013$) for a 2.5 percent discount rate, $45 to $66 for a 
3 percent discount rate, and $13 to $23 for a 5 percent discount rate. A key reason for these large differences in magnitude 
is that the 2015 EA used a SCC that reflected the Interagency Working Group’s (IWG) estimates of damages, while the 
2020 EA used a Trump-era estimate that purported to reflect only domestic damages.  

Davis Noll and Rothschild (2021) show the impact that using the Trump-era SCC number versus the IWG’s number has 
on the bottom line for the benefit-cost analysis. As they note, using the Trump-era SCC “…decreases the social cost of 
carbon by more than 85 percent. Without that severe reduction, the analysis would likely have shown clear net harms, as 
indicated by EPA’s own analysis provided in an Appendix.” 

In January 2021, the Biden administration established a new IWG to analyze and update the SCC and methane metrics. 
The new IWG published a new “interim” estimate in 2021, which reinstates the Obama-era estimates, updated only 
for inflation (IWG 2021). The agency will need to use these estimates (or updated estimates if available) in future 
rulemaking. Here, we provide a few additional considerations for the agency’s analysis of the carbon emissions in any 
new rulemaking.

The IWG’s new “interim” estimate relies on an estimate of the damages that occur globally from each additional ton of 
carbon emissions in order to accurately capture the true costs of climate change to U.S. interests, including how global 
climate damages will directly affect U.S. economic, public health, and national security interests. 

Kotchen (2018) outlines the general economic arguments in favor of and against using a more robust SCC based on global 
damages. He notes that those in favor of using a global SCC argue that economic efficiency, where societal economic 
welfare is maximized, requires the use of a global SCC. Further, he notes that climate change is a global pollutant, where 
a solution requires global cooperation. On this point, Greenstone, Kopits, and Wolverton (2013) explain that “Even if 
the United States were to reduce its GHG emissions to zero, it would be insufficient to avoid substantial damages from 
climate change.” But the use of a global SCC could aid in strategic international negotiations (Pizer et al. 2014). Finally, 
important “…moral, ethical, and security issues…” (Pizer et al. 2014) arise from the unique nature of the fact that a large 
fraction of the damages from U.S. emissions occur outside of the United States.

Kotchen (2018) also addresses two of the arguments that have been made to support using a domestic, rather than global 
SCC. The first is that some previous U.S. benefit-costs analyses have considered only domestic impacts. This is not a 
valid reason for using the domestic value in the future, but rather suggests a potential need to revise other older analyses. 
Second, some argue that under certain assumptions, it is individually rational for countries to consider only the domestic 
impacts of their actions, rather than global damages. Kotchen’s (2018) work addresses this issue directly by providing 
a formal economic argument for using a global SCC in benefit-cost analyses. Taking into consideration the fact that 
climate policy and negotiations are dynamic in nature, Kotchen (2018) shows that “…a country’s choice to internalize 
the global SCC can be individually rational. The results provide…the first formally derived microeconomic justification 
for countries to internalize the global S.C.C…” 



24

The Trump-era “domestic” SCC figure was invalid even before the Biden administration promulgated its updated 
“interim” numbers. The U.S. District Court for the Northern District of California recognized as much when it struck 
down as arbitrary the Bureau of Land Management’s (BLM) repeal of the Waste Prevention Rule in part because 
the agency had abandoned the peer-reviewed, global estimates of the social cost of greenhouse gases in favor of the 
flawed Trump-era estimates.12 The court noted that “focusing solely on domestic effects has been soundly rejected by 
economists as improper and unsupported by science,” explaining that the model relied upon by BLM “ignores impacts 
on 8 million United States citizens living abroad, including thousands of United States military personnel; billions of 
dollars of physical assets owned by United States companies abroad; United States companies impacted by their trading 
partners and suppliers abroad; and global migration and geopolitical security.”13 

As that court explained, even on its own terms, the domestic model ignores many climate damages that accrue to 
Americans in the United States in at least two ways. First, EPA’s valuation of the social costs of greenhouse gases ignores 
significant, indirect costs to trade, human health, and security likely to “spill over” to the United States as other regions 
experience climate change damages.14 This is “because emissions of most greenhouse gases contribute to damages around 
the world and the world’s economies are now highly interconnected.”15 Second, an indirect consequence of the United 
States using a global social cost of greenhouse gas to justify actions that protect against climate damages is that foreign 
countries take reciprocal actions that benefit the United States (Revesz et al., 2017). Yet EPA arbitrarily failed to account 
for this likely significant impact. 

Indeed, the Trump-era domestic estimates were based on numbers that were not considered conclusive or strongly 
theoretically grounded. Using the results of one economic model (FUND) as well as the U.S. share of global gross 
domestic product (“GDP”), they were generated by the IWG as an “approximate, provisional, and highly speculative” 
range of 7–23 percent of the global SCC as an estimate of the purely direct climate effects to the United States.16 Yet, as 
the IWG acknowledged, this range was almost certainly an underestimate because it ignored significant, indirect costs to 
trade, human health, and security that are likely to spill over into the United States as other regions experience climate 
change damages, among other effects.17 

The IWG’s current “interim” estimates are based on a methodology that “reflects rational, evidence-based decisions that 
incorporate the best available evidence” (Revesz and Sarinsky, 2021). The resulting numbers therefore “offer the best 
method to measure incremental climate effects from a particular amount of greenhouse gas emissions” (Revesz and 
Sarinsky, 2021).

The IWG is currently performing a full assessment of its social cost valuations to reflect the latest scientific and economic 
research.18 The resulting updates to its SCC estimates will incorporate the most up-to-date thinking available regarding 
critical methodological decisions like what discount rates to use. Those updated estimates will reflect state-of-the-art 
thinking in the literature even more closely and will provide EPA an even more solid foundation on which to base its 
analysis of a policy’s climate impacts, including any future rulemaking related to ELGs.

12 See California v. Bernhardt, 472 F. Supp. 3d 573 (N.D. Cal. 2020).
13 See id. at 613.
14 Indeed, the integrated assessment models used to develop the global SCC estimates largely ignore inter-regional costs entirely. See Howard 

(2014). Though some positive spillover effects are also possible, such as technology spillovers that reduce the cost of mitigation or adapta-
tion, see S. Rao, Keppo, and Riahi (2006), overall spillovers likely mean that the U.S. share of the global SCC is underestimated, see Freeman 
and Guzman (2009).

15 California, 2020 WL 4001480, at *23.
16 IWG (2010) (emphasis added).
17 Id. (explaining that the IAMs, like FUND, do “not account for how damages in other regions could affect the United States (e.g., global 

migration, economic and political destabilization”)).
18 Exec. Order No. 13,990 § 5(b)(ii)(B), 86 Fed. Reg. 7037, 7040 ( Jan. 25, 2021).
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IX. Summary

F or a number of important reasons, EPA should 
reconsider several aspects of the 2020 EA that 
accompanied the 2020 Steam Electric Rule. Most of all, 

EPA is currently engaged in significant efforts to improve how 
water quality benefits are estimated for proposed rules and 
regulations. This work should serve as an organizing framework 
for analyzing any update to the 2020 Rule or related, future 
rulemaking. In addition, assumptions related to the economic 
impacts of local air pollution and climate change were crucial 
in determining the bottom line of the benefit-cost analysis. 
In particular, it is highly suspect that the rule would increase 
air pollution, but decrease overall human health impacts. 
This aspect of the analysis deserves much greater attention. 
Further, several assumptions in these analyses, including using 
the domestic versus global SCC, are highly questionable. We 
encourage EPA to consider the arguments made here to inform an update to the estimated net benefits of any future 
regulatory action. We also urge the agency to monetize several categories of missing benefits using the relevant literature 
that we suggest here.  

EPA should reconsider several 
aspects of the 2020 EA that 
accompanied the 2020 Steam 
Electric Rule. Most of all, EPA is 
currently engaged in significant 
efforts to improve how water 
quality benefits are estimated for 
proposed rules and regulations. 
This work should serve as an 
organizing framework for analyzing 
any update to the 2020 Rule or 
related, future rulemaking. 
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