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Executive Summary1 
India faces daunting challenges in reducing the significant health risks posed by airborne particle pollution. As evidenced 

in the National Clean Air Programme (NCAP), India is in a position to take advantage of the many scientific and technical 

advances in our understanding of air pollution over the last few decades, including a better understanding of serious 

health effects, improved methods for monitoring by satellite and other monitors, and more advanced knowledge on 

tracking emission sources.  NCAP also shows an interest in considering what components of AQM programs have been 

crucial in making progress in the U.S. and some other areas.  

The U.S. is the nearing the 50th anniversary of the landmark 1970 Clean Air Act. The major provisions in the Act were 

designed to result in continuing improvements over time, and they have: in terms of the pollutants the 1970 CAA 

addressed, U.S. air quality over the years has demonstrably and markedly improved. Emissions of six major pollutants 

decreased by 74% between 1970 and 2018.  During the same period the economy has grown four-fold. Economic 

growth and environment protection can go, and have gone, hand in hand. 

Before the 1960’s, responsibility for dealing with air pollution lay largely with local government.  In 1960, only 8 states, led 

by California, even had air pollution programs.  There were a few successes, notably in the industrial cities of St. Louis and 

Pittsburgh, where concerted efforts to move away from coal for residential heat produced significant improvements, 

but nationwide, progress had largely stalled. Public concerns over visibly bad air grew as severe episodes caused 

measurable increases in death and/or illness in cities like New York, Birmingham, and Los Angeles.  

Prior to the 1970 Clean Air Act, the role of the U.S. federal government was largely restricted to advice and funding to 

states and municipalities. The 1970 law gave states and their local partners the major responsibility for implementing air 

quality management (AQM), but with substantial involvement and oversight of state actions from the new Environmental 

Protection Agency (EPA).  The 1970 Act established a comprehensive AQM approach to addressing the multifaceted air 

pollution problems present across the country. 

Under the framework established by the 1970 Clean Air Act, the AQM system is driven by science-based health and 

welfare standards (NAAQS) established by EPA. Congress gave most of the responsibility for implementing these 

standards to the states, supported by federal rules for certain stationary sources (like industries, power plants) and 

vehicles. Each state must determine its air quality relative to each of the standards in all cities and areas, and determine 

emissions reductions needed to attain and maintain the standards. States evaluate a collection of mitigation measures 

and must submit a detailed, comprehensive, and legally binding State Implementation Plan (SIP) to meet the NAAQS 

by a future date. Finally, results of monitoring of the air or emissions are examined to see if the plan worked. If not, or if 

EPA strengthens the NAAQS based on new scientific information, the process is repeated.  

The Act includes sanctions that EPA can levy on states for failing to develop a SIP, or for a SIP the Agency finds is 

not sufficient to meet Clean Air Act requirements.  Sanctions include withholding of Federal highway funds, and 

discretionary withholding of air grants.  EPA also has authority to develop and issue a Federal Implementation Plan to 

replace or supplement inadequate SIPs. While the threat of such measures has been useful in spurring state or local 

action, EPA generally has imposed them only rarely as a last resort, as it believes it is more appropriate for state or local 

agencies to implement programs within their jurisdictions.

Air quality management of multiple pollutants is an enormous task straining the capacity of state and local authorities 

as well as EPA.  Adequate staffing, training and especially grants to state and local agencies have been critical to making 

progress. Conversely, lack of adequate funding, technical and policy support and guidance, and delays in mandated 

reviews by EPA in the face of growing federal mandates has often been the source of tension between states and EPA, 

as well as delays in implementation.  

1  This summary paper is based largely on a critical review of the history of U.S. air pollution programs (Bachmann, 2007), which contains additional 
details and references for more information.  It focuses on air quality management and does not address all provisions of the Clean Air Act,
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While AQM could be a good template for action plans under the NCAP in India, it is important to consider beginning 

with more focused steps. For example, adopting technology-based standards for all major source categories affecting 

areas with high-levels of particle pollution, before moving to more intensive and time-consuming modeling and 

strategy development for attainment.

The US experience demonstrates that substantial progress can be made from policy efforts. The results did not come 

easily, and things did not always work out as first contemplated.  The process involved intense efforts by national, 

state, and local governments as well as regulated industries, non-governmental groups, concerned citizens, as well as 

a willingness to sponsor and react to important developments in related science and technology. And yet, there is still 

work to do in the US.  Progress in reducing ozone slowed after 2013 and a number of areas have showed an increase 

that is consistent with forecasts of rising temperatures and stagnation associated with climate change.   

As a result, it is imperative that the US, as well as India, develop policies that address air pollution, climate change, and 

energy policy in an integrated fashion.  
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1. Introduction
About a half-century ago, the United States began to 

develop a serious and comprehensive approach to 

addressing the serious and growing threat to human 

health and the environment presented by air pollution.  

By 1970, these efforts had led to the creation of the 

Environmental Protection Agency (EPA) and the landmark 

Clean Air Act Amendments of 1970. This legislation 

formalized the broad outlines that defined the respective 

roles and responsibilities of the major participants still 

major air pollutants (purple line) regulated under the 

1970 Clean Air Act relative to their combined levels in 

1970 (0%), contrasted with the relative expansion of 

four societal/economic activities. Since 1970, emissions 

of these pollutants have declined despite continued 

growth in population, energy consumption, traffic, and 

the economy. Right: Reduction in concentrations of 

eight pollutants (1990-2018) relative to the most recent 

U.S. national air quality standards for the pollutants.  Lines 

reflect the national averages of all trend monitors for 

each pollutant.
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2  U.S. EPA, 2019.  Our Nations Air 2019.  https://gispub.epa.gov/air/
trendsreport/2019/#welcome.

used.  The major provisions in the Act were designed to 

result in continuing improvements over time, and they 

have: in terms of the pollutants the 1970 CAA addressed, 

U.S. air quality over the years is demonstrably and 

markedly improved (Figure 1)2.

Figure 1.  Clean Air Act programs reduced national 

emissions and concentrations of regulated air 

pollutants despite growth in societal activities 

(Congressional Research Service, 2011) Left: This graph 

shows the continuous decrease in emissions of six 

Still, these results did not come easily, and things did not 

always work out as first contemplated.  The process involved 

intense efforts by national, state, and local governments 

as well as regulated industries, non-governmental groups, 

concerned citizens, as well as a willingness to sponsor 

and react to important developments in related science 

and technology.  This paper is intended to summarize 

the fundamental approaches used in U.S. air quality 

management, and to highlight lessons learned from 

developing and implementing air programs over the last 

half century.   
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2.  Major Approaches used for  
 Managing Air Pollution
Over the years, several approaches have been advanced 

for addressing environmental pollution.  These have 

included private lawsuits brought against individual 

polluters; direct “command and control” regulation of 

pollution sources; market-based systems such as fees and 

trading; and voluntary incentives.   Today, the U.S. Clean 

Air Act encompasses aspects of all of them. The 1970 Act 

established a comprehensive air quality management 

(AQM) approach to addressing the multifaceted air 

pollution problems present across the country.   The 

essence of AQM adopted in the Clean Air Act is illustrated 

in Figure 2.

See Figure 2. Under the framework established by the 1970 

Clean Air Act, the AQM system is driven by science-based 

health and welfare standards: the National Ambient Air 

Quality Standards (NAAQS) established by EPA. Congress 

gave most of the responsibility for implementing these 

standards to the states, supported by federal rules for 

certain stationary sources and vehicles. EPA also provided 

funding to the states through federal grants. (See Figure 2, 

Top) Each state must determine its air quality relative to 

each of the NAAQS in all cities and areas and determine 

emissions reductions needed to attain and maintain 

the standards. (Right)  States evaluate a collection of 

national and state based emissions measures and must 

submit a detailed, comprehensive, and legally binding 

State Implementation Plan (SIP) to meet the NAAQS by 

a future date. (Bottom)  Controls and measures in SIPs 

must be implemented and checked by compliance 

and enforcement oversight. (Left) Finally, results of 

monitoring of the air or emissions are examined to 

see if the plan worked. If not, or if EPA strengthens the 

NAAQS based on new scientific information, the process 

is repeated. Over time, the U.S. AQM system has evolved 

through legislation and policy to deal with problems in 

achieving results, advances in scientific and technical 

understanding, changing socioeconomic and political 

conditions, and the development more efficient policy 

mechanisms.

What sets AQM apart from other approaches (see below) 

is its reliance on ambient air quality standards based on 

evidence of undesirable effects. These standards govern 

whether, and to what extent, a particular jurisdiction 

Figure 2.  Major components of U.S. Air Quality Management under the Clean Air Act3

U.S. Air Quality Management
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Establish 
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3  See Bachmann (2007) for successive figures that illustrate how the requirements under each of the five major steps in the process expanded and 
became more specific under the Clean Air Act Amendments of 1970, 1977, and 1990.



6 Collaborative Clean Air Policy Centre  • SEPTEMBER  2019

needs to reduce emissions. Such standards require some 

understanding of the health and environmental effects of 

pollution and some judgment by policymakers. As such, 

AQM fits in the category of “risk-based” environmental 

programs.  A major strength of the AQM system is the 

continuous evaluation of how well plans for attaining 

standards achieve risk-based standards through 

monitoring of air quality.  The entire process is, however, 

time and resource consuming; it places heavy demands 

on improving the scientific and technical information 

needed to establish effects-based ambient standards, 

measure key pollutants, inventory sources and emissions, 

develop cost-effective control scenarios, and forecast and 

assess results. 

Technology-based standards are a major alternative 

to risk-based programs. The approach includes emission 

or equipment standards that reflect a level of emission 

reductions from various source categories that is 

generally based on best available technology, considering 

feasibility and costs.  While these standards reduce risk, 

the level does not depend on whether risk targets are 

met or exceeded.  They can be developed without waiting 

for the AQM health standards, monitoring, and planning 

steps.  Technology based standards are a prime example 

of “command and control” regulations.   In the 1970 Clean 

Air Act, Congress chose to assist state implementation 

of AQM programs with technology-based standards for 

new sources of air pollutants that could contribute to 

violations of the NAAQS, as well as special standards for 

stationary sources of hazardous air pollutants.  Examples 

include national automobile standards, standards for new 

stationary sources, and, in the 1990 Act, technology based 

standards for new and existing stationary sources of 

particularly hazardous air pollutants as a first step towards 

reducing risk.  As noted below, state implementation of 

the AQM approach often includes adopting statewide or 

non-attainment area wide technology based standards 

termed Best or Reasonably Available Control Technology 

(BACT/RACT) as a first step in developing regulations to 

meet the standards.

Such “command and control” regulations in the 1970 

Clean Air Act have been highly effective at reducing 

air pollution, from vehicles or large stationary sources. 

Nevertheless, they also have been criticized because they 

do not provide such incentives to “go further” or “get equal 

reduction for less,” can cost more and be less flexible than 

necessary, and do not work as well for smaller dispersed 

sources.   

Market-Based or Incentives Programs provide direct 

and indirect monetary inducements that encourage 

sources to reduce harmful emissions. As a result, they 

create incentives for companies to incorporate pollution 

abatement into production or consumption decisions 

and to innovate in such a way as to continually search for 

the least costly method of abatement. This encourages 

further innovation in pollution reduction methods. 

Two major examples of market-based approaches  

are 1) fees on emissions (e.g. $100 per ton) and 2) tradable 

permits or allowances that specify the total amount of 

pollution a source can release.   EPA first adopted some 

aspects of trading in 1974 in a new policy that permitted 

new sources to offset their emissions by purchasing 

extra (non-required) reductions from existing sources.  

As noted in Section 3, this “offset trading” policy was 

adopted in the 1977 Clean Air Act Amendments.  In the 

1980s, trading was used to facilitate several programs, 

such as the phase-down of lead in gasoline and tighter 

tailpipe standards. The 1990 Clean Air Act Amendments 

saw a major expansion of market-based programs, 

headlined by the acid rain “cap and trade” program.   This 

program is generally regarded as a significant success, 

with very high rates of compliance and costs much lower 

than a technology-based approach. EPA built on the acid 

rain program framework in developing emissions budget 

trading programs to help attain national particle and 

ozone standards in the eastern U.S.

The continuous emissions monitoring employed in 

these programs works well for major power plants, but 

is expensive, and is not practical for all pollutants, source 

types and sizes.  Alternative lower cost approaches 

to determining emissions for smaller sources using 

continuous operational data (predictive monitoring) 

have been approved for use in the acid rain program. 

Because greenhouse gas (GHG) emissions generally 

can be measured with sufficient accuracy using such 

methods (e.g., monitoring fuel consumption and carbon 

content), the European GHG program allows predictive 

emissions monitoring for large as well as smaller sources.
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3.  Lessons Learned from US   
 Air Management Programs
Implementation of the Clean Air Act has not been 

without problems, delays, and inefficiencies.  Over time, 

EPA, states, sources, and Congress incorporated new 

insights from these experiences as well as advances 

in science and engineering prompted by the efforts 

improve air quality.  These resulted in changes is policy, 

procedure and the law itself. The increasing adoption of 

market-based solutions culminating with the acid rain 

and subsequent trading programs are one example of 

how these advances ultimately worked their way into 

the Clean Air Act.  Indeed, it is fair to characterize today’s 

Clean Air Act program as a philosophical “hybrid,” with 

a mixture of risk and technology based approaches 

combined with market-based mechanisms and voluntary 

incentives for implementation, compliance, and progress.  

This section highlights key lessons learned over the years, 

from programs that worked, and from those that needed 

to be revised.

3.1 The need for national government 
involvement in air quality management

Before the 1960’s, responsibility for dealing with air 

pollution lay largely with local government.  In 1960, 

only 8 states, led by California, even had air pollution 

programs.  There were a few successes, notably St. Louis 

and Pittsburgh, where concerted efforts to move away 

from coal for residential heat produced significant 

improvements,4 but nationwide, progress had largely 

stalled. Public concerns over visibly bad air grew as 

severe episodes caused measurable increases in death 

and/or illness in cities like New York, Birmingham, and 

Los Angeles.  Recognized limitations for three successive 

national clean air laws in 1963, 1965, and 1967 led directly 

to the 1970 Amendments.  In general, these laws increased 

the role of the U.S. federal government from advice and 

funding to states and municipalities to the larger roles 

outlined in the air quality management (AQM) figure 

above.  The early laws did help fund the development of 

stronger air programs in all 50 states.  The 1970 law gave 

states and their local partners the major responsibility 

for implementing air quality management, but with 

substantial involvement and oversight of state actions 

from the new Environmental Protection Agency (EPA).  

The most prominent Federal Roles in AQM in the 1970 

Act include:

i. Establishing national science based standards to protect 

public health and welfare.  Experience with the first 

clean air laws in the 1960s showed, that, even with the 

government providing some scientific criteria, it was 

difficult for most states to cope with the process.  More 

importantly, state or local specific air standards would 

result in variable levels of protection, potentially 

leading to a “race to the bottom” by states seeking 

to maintain or attract industry.  Based on reoccurring 

serious air pollution episodes during the 1960s, EPA 

was also authorized to establish episode criteria, 

which consisted of a significant harm concentration 

never to be exceeded, and alert and warning levels 

that would trigger actions to temporarily curtail 

source operations and traffic to would otherwise 

lead to significant life threatening conditions with 

bad meteorology. 

ii. Rules supporting state implementation plans:  These 

include: 

National standards for mobile sources and fuels.  

National vehicle standards were written into the 

1970 law and were an obvious policy choice. While 

California was permitted to develop more stringent 

auto standards to address the nation’s worst 

photochemical smog problem, it made little sense 

to regulators, auto manufacturers, states and the 

public to let the rest of the states to set their own 

different limits.  Regulations of fuels authorized EPA 

to set limits on mobile fuel composition to ensure the 

proper performance of control devices (e.g. reduce 

sulfur content), to address direct health risks (e.g. 

eventual elimination of lead in gasoline), and to make 

progress in meeting air quality standards in areas 

with significant problems. 

Establishing technology standards for new stationary 

sources: While requiring EPA to set national 

performance standards for new major stationary 

sources of NAAQS pollutants, the Act left decisions 

on controls for existing sources to the states as 

part of implementing the NAAQS.  EPA, however, 

also provided information on reasonably available 

controls for existing sources. Requirements for major 

new stationary sources were later expanded and 

made more stringent, particularly for review of new 4  See Bachmann (2007), page 657 for summary and references.
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sources locating in areas that had not attain the air 

quality standards. Congress codified location-specific 

new source review and prevention of significant 

deterioration provisions in the 1977 Clean Air Act 

Amendments. 

Regulation of Hazardous Air Pollutants. The 1970 

Act stated that emissions standards for sources of 

these particularly toxic pollutants should protect 

public health “with an ample margin of safety.”  This 

risk-based approach became problematic—in fact, 

paralyzing— in the 1970s and ‘80s as EPA wrestled 

with determining what an acceptable level of risk 

would be for carcinogenic air pollutants.  The 1990 

Amendments addressed this logjam by developing 

a presumptive list of hazardous pollutants and 

calling for technology-based emissions standards 

(maximum achievable control technology or MACT) 

as a first step in the process.  After eight years, a second 

step required an evaluation of whether the residual 

risk that remained after MACT was acceptable.  

Addressing interstate and international transport of air 

pollution.  In the 1960s, this interstate air pollution 

was largely viewed as local, involving sources 

near state or international borders (e.g New York/

New Jersey). In the 1980s and 90s, it became clear 

that meeting air quality standards for particulate 

matter and ozone and reducing acid rain required 

coordinated multistate regional strategies, in which 

federal involvement proved important to success.

iii. EPA oversight of state actions to monitor, implement and 

enforce national air quality standards.      As shown in 

the Figure 2, the states have primary responsibility for 

monitoring air quality, assessing reductions needed, 

development of SIPs with requirements to meet the 

standards, and actions to ensure compliance with the 

state and federal rules, and where needed, to enforce 

them.  EPA is required to review state programs and 

plans, as well as oversee compliance and enforcement 

of both state and Federal requirements.  The Act 

includes mandatory and discretionary sanctions that 

EPA can be levy on states for failing to develop an 

SIP, or for an SIP the Agency finds is not sufficient to 

meet Clean Air Act requirements. Sanctions include 

requiring mandatory offsets for emissions from new 

sources in an area, withholding of Federal highway 

funds, and discretionary withholding of air grants.  

EPA also has authority to develop and issue a Federal 

Implementation Plan (FIP) to replace or supplement 

inadequate SIPs.  While the threat of such actions 

have been useful in spurring state or local action, EPA 

generally has imposed these measures only rarely 

as a last resort, as it believes it is more appropriate 

for state or local agencies to implement programs 

within their jurisdictions. EPA also can act to enforce 

SIP or Federal limits on specific emissions sources not 

meeting requirements.

iv. Additional EPA support of air quality management 

through providing funding to state agencies, scientific 

research, development of improved methods, guidance 

and rules for monitoring, modeling, emissions 

inventories, and control technologies. Air quality 

management of multiple pollutants is an enormous 

task straining the capacity of state and local 

authorities as well as EPA.  Adequate staffing, training 

and especially grants to state and local agencies have 

been critical to making progress. Lack of adequate 

funding, technical and policy support and guidance, 

and delays in mandated reviews by EPA in the face of 

growing federal mandates has often been the source 

of tension between states and EPA, as well as delays 

in implementation.  

A retrospective examination of air quality data, emissions 

trends, and state capacity shows the benefits of the 

growing Federal role addressing air pollution between 

1963 and the early 70s. In the 1960s, it was generally 

not recognized that national emissions of all major air 

pollutants had been growing for decades with the rapid 

increase in automobiles and electricity production.  

These emissions peaked and finally began to decline only 

in the decades after passage of the 1970 Act.  National 

emissions standards for vehicles and new sources 

began to be effective after 1975. As a result of new 

federal legislation and increased funding in the 1960s, 

all 50 states had air programs by 1970, and were better 

prepared to implement AQM under the 1970 law.  State 

actions in response to early legislation began to reduce 

particulate matter and sulfur dioxide levels after 1965 

in some cities, and this both expanded and accelerated 

with the 1970 amendments. Reductions in automotive 

pollutants took longer because the new standards 

took effect only for new vehicles in 1975 (CO and VOC) 

and 1981 (NOx) model years.  Even in Los Angeles with 
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earlier adoption of California standards for vehicles and 

stationary sources of hydrocarbons and nitrogen oxides, 

ozone began to decline only after 1978. 

3.2 The critical importance of monitoring 
and scientific research in air quality 
management

Monitoring of air quality is perhaps the most critical 

element in developing and implementing air pollution 

programs. In the U.S. AQM system, air monitoring data 

provide the basis for defining which areas of a state need 

reductions to meet the NAAQS (designation) and state 

determinations of which sources to control and by how 

much (implementation planning).  Most importantly, 

continued monitoring during the implementation phase 

is crucial in determining whether the regulations really 

produce the expected air quality improvements. If an 

area does not achieve the NAAQS or required progress 

according to a schedule mandated in the law (originally 

3-5 years), this triggers another cycle to determine why, 

and the development of revised SIPs. (See tracking and 

evaluation in Figure 2 above).  

For example, by 1976 a continuing widespread lack 

of progress for automotive pollutants (ozone, carbon 

monoxide, nitrogen dioxide) in 45 states revealed that 

the original dates for attaining the standards (1975-77) 

were unrealistic. This was largely due to the Act’s effective 

dates for national limits on new vehicles. Deadlines 

were extended in 1977 amendments to the Clean Air 

Act. Following continued nonattainment for several 

pollutants in the 1980s and improved understanding 

of the nature of these problems, the 1990 amendments 

classified areas with still longer deadlines for areas with 

the more serious and severe air quality levels.  In place 

of shorter attainment deadlines, such areas were given 

interim technology and or emissions related progress 

requirements.

Expanded monitoring and grappling with issues that 

arose during implementation of the act also spurred an 

increase in scientific and technical research sponsored 

by the EPA and other Federal Agencies, states, and major 

industries.  These programs have greatly increased our 

understanding of air pollution health and environmental 

effects, atmospheric chemistry and transport, monitoring, 

and control approaches. This ultimately brought 

substantial transformations in the standards, technical 

tools, strategy development, enforcement, and the 

structure of the Clean Air Act.  At the same time, states 

and EPA worked to look at new approaches and practices 

in implementation.  

For example, research in health effects of air pollution, 

partly enabled by widespread monitoring revealed more 

serious health risks and at lower concentrations than  

the NAAQS that were adopted in the 1970s.  This 

information was particularly important in adding new 

standards for inhalable and fine particulate matter in 

1987, 1997, 2006, and 2012, and strengthening the ozone 

NAAQS 1997, 2008, and 2015. Finally, development of 

improved real-time ambient monitors have made it 

possible to advise the public when pollution reaches 

unhealthy, or in the case of recent wildfires, dangerous 

levels.

Advances in scientific understanding of the effects and 

movement of air pollution, and on the development of 

sophisticated devices that monitor stack emissions on 

a continuous basis made it possible to implement the 

highly successful market-based acid rain program in  

the 1990 Clean Air act as well as similar regional air 

pollution programs for ozone and fine particles noted 

above.  Trading programs are most effective for regional 

pollution issues like these, as well as urban ozone 

programs.  These pollution problems are caused by many 

dispersed large and small sources. Trading programs may 

be less protective in cases where an individual source is 

large enough to cause localized health and environmental 

harm.  In such cases, purchasing allowances from distant 

sources would not alleviate effects near the problem 

source.  For larger sources, advanced emissions monitors 

not only facilitate trading with others, but also enhance 

enforcement. Submission of automated emissions  

reports to EPA enables tracking of compliance of 

individual sources and a close check on the overall 

success of the program. 

The air quality related scientific and technical advances 

made over the last 50 years in the U.S. and other countries 

place those nations who today face serious air pollution 

problems, in a much better position to identify and 

address the pollutants and sources that present the 

highest risk. 
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3.3 Key Elements in determining emissions 
reductions needed to meet standards

Defining areas that need emissions reductions 

As noted above, monitoring is the first step in determining 

what areas don’t meet standards.  In some cases, additional 

monitoring studies can provide significant insights 

into the most influential sources.  An example is PM
2.5

, 

where measuring the contribution of various chemical 

components to the total can determine the largest 

source categories (e.g. vehicles, home heating, factories), 

as well as the significance of transported pollutants from 

sources located some distance from population centers 

(e.g. coal fired power plants, agricultural burning).  

Defining the areas that do not meet standards is not the 

same as defining what areas or regions need controls to 

meet them.  In the 1960s, federal legislation required states 

create to “Air Quality Control Regions”  (AQCRs) based on 

meteorology, source distributions, as well as air quality.  

This was problematic in part because states did not have 

the expertise, data, and tools needed to identify such 

areas or model reductions needed.  This led to adoption 

of policy and legislation that required that states adopt 

best or ‘reasonably available’ control technologies for 

sources in or near areas as a first step, before modeling to 

determine whether additional reductions are needed.  A 

second problem with AQCRs is that for some pollutants, 

areas were not always wholly dominated by strong local 

sources near the monitors showing high concentrations.  

Today we recognize medium and regional scale transport 

as important for both fine particles and ozone.

The 1977 Amendments to the Clean Air Act required 

that EPA and states work together to designate areas 

as non-attainment, attainment, or unclassifiable (due 

to lack of data).  Designation of non-attainment areas 

must include locations with measured or modeled 

violations, but also nearby areas with sources that 

contribute.  In practice, designations have often been 

based on political boundaries, such as county or city 

limits, extending to official metropolitan statistical areas 

that contain the bulk of the sources and population in 

a designated urban area.  In some cases the metro area 

includes more than a single state.  For interstate and 

international contributions from long-range transport 

to a designated non-attainment area, the CAA has “good 

neighbor,” and interstate and international transport 

provisions that provide mechanisms for addressing 

long-range transport from sources in upwind states or 

regions.  Addressing international transport depends on 

reciprocal legislation and negotiating agreements with 

other nations.  In developing remedies for interstate 

transport, EPA typically conducts or requires regional 

scale modeling to identify upwind states that contribute 

significantly to non-attainment in receptor states.  This is 

followed by developing rules and guidelines requiring 

upwind states to address such contributions.

The importance of emissions inventories for modeling and 

adopting area and statewide reductions

Receptor modelling and air quality data can help 

identify significant source categories, and may provide 

a basis for requiring initial technology-based controls 

on such categories.  Where such initial controls are 

insufficient to meet ambient standards, an important 

step for producing cost-effective plans is development 

of an emissions inventory that provides a spatial map of 

emissions from large and small stationary sources and 

mobile sources.  Most sources will not have continuous 

monitors, so estimates are developed based on using 

‘emission factors’ in combination with information on 

the daily and seasonal activity of source categories.  EPA 

compiles emissions factors from various sources, but 

these are subject to considerable uncertainties.  EPA 

provides a model for mobile source emissions for the 

major automotive pollutants, which requires information 

on local traffic patterns.  Operational data may be more 

specific for major stationary sources who can report on 

variables such as fuel use or levels of production.  States 

need to produce a current inventory as well as a forecast 

inventory that incorporates factors that affect future 

emissions, such as growth in population and vehicle 

miles travelled5.  

Based on these inventories, analysts can use air quality 

models to assess the effect of alternative local measures 

on future air quality. These forecasts begin with a baseline 

that assesses planned reductions from existing federal 

measures, such as the motor vehicle program and 

regional reductions programs for PM, ozone, and acid 

rain.  It has been important for individual cities and states 

to coordinate their air quality planning with state and 

5  A more technical examination of emission inventories is available 
here: https://19january2017snapshot.epa.gov/sites/production/
files/2015-07/documents/sti_epa_local_scale_ei_final_report.pdf

6  EPA provides a summary of available support for these activities here: 
https://www.epa.gov/scram/air-quality-models
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regional energy, economic, and transportation planning.6 

3.4 Developing an Enforceable 
Implementation Plan

Having determined a program that is forecast to meet 

standards or interim progress requirements, states need 

to decide on specific regulations and programs to be 

included in the plan and adopted so as be enforceable 

by the state.  Often, plans for existing large industrial 

sources require that a uniform technology-based 

emissions standard be applied statewide, for reasons 

of equity.  The Clean Air Act requires minimum control 

levels in nonattainment areas reflect reasonably available 

control technology following federal guidelines, with 

EPA providing ‘control technique guidelines’ states 

can use. In some cases, states require ‘best available’ 

technology.  New stationary sources coming into an 

area have still tighter minimum standards and may need 

to acquire ‘offset’ emissions reductions from existing 

sources.  Smaller “area” sources may be regulated through 

technology requirements (e.g. new woodstoves must 

meet better than federal limits for new units) or fuel/

product limitations (e.g. low sulfur fuel oil, low volatility 

solvents).  Under the Act, EPA must review and approve 

the SIP before it can be implemented.  EPA may require 

improvements for full plan approval.  As noted above, this 

process can be subject to delays for a variety of reasons, 

including inadequate staffing levels and funding.  Issues 

also arise from different schedules for SIP development 

for different NAAQS pollutants.

To improve compliance and enforcement with state and 

federal air pollution regulations, combine all air pollution 

requirements for the source in a single place, and to 

provide additional funding for state programs, the 1990 

Clean Air Act Amendments introduced an operating 

permits program.  Air pollution sources large enough to 

be included must obtain an operating permit from the 

state.  The permit contains all enforceable emission limits 

for the source, a schedule for compliance, and periodic 

submissions related to progress in compliance, in some 

cases to include monitoring.  The state may charge 

emissions fees for each source to pay for the program.  

EPA oversees state operation of the program, and may 

initiate enforcement actions where appropriate if state 

programs fail to do so.

3.5 Unfinished Business/Challenges

Despite the obvious successes of the US system in 

improving air quality, many air health and welfare 

challenges remain, and reviews of the process have 

suggested improvements in coordination and 

implementation. Some of the technical challenges 

include continuing progress in reducing fine particles and 

ozone in the face of the increasing importance of climate 

change and regional and hemispheric transport, as well 

as ensuring protection of lower income groups who are 

often exposed to higher levels of fine particles and sources 

of hazardous air pollutants.  Management issues include 

the need to move towards multiple pollutant strategies 

to better coordinate developing implementation plans, 

the need to address an overly bureaucratic relationship 

between EPA and state, local, and tribal agencies in the 

“SIP” process, and the need to be able to more quickly 

adapt when it becomes apparent that such plans are not 

resulting in expected air quality improvements.
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4. Conclusions and Implications
This paper highlights aspects of some lessons learned 

in the 50 years of U.S. air quality management to assist 

India’s latest efforts to develop and improve its own air 

quality programs.  India faces daunting challenges in 

reducing persistent high exposures to particulate matter.   

As evidenced in the NCAP document (MoEFCC, 2019), 

India is in a position to take advantage of the many 

scientific and technical advances in our understanding 

of air pollution over the last few decades, including a 

better understanding of serious health effects, improved 

methods for monitoring by satellite and other monitors, 

and more advanced source receptor relationships. 

The report also shows an interest in considering what 

components AQM programs have been crucial in making 

progress in the US and some other areas.  

Perhaps the most crucial element in AQM is the 

commitment to accountability implicit in a robust 

program of monitoring and oversight to see whether 

rules and programs are actually implemented and, work 

to deliver improvements.  The development of annual air 

quality trends information can be an important driver for 

such accountability.   Equally important is to respond to 

any lapse in progress with programs to correct the issues.  

The latter can take the form of enforcement for particular 

sources or more rapid implementation of provisional 

supplemental measures.  

A focus on receptor modeling for fine particles will help 

specify what categories of sources are most important, 

but it is also important not to wait to complete wider 

receptor or photochemical modeling before developing 

on default measures for source categories that are 

already recognized as major sources of risk on a national 

basis, such as those identified in a recent Global Burden 

of Disease report for India (GBD MAPS Working Group, 

2018). Establishing regulations and programs for such 

commonly occurring PM source categories is a high 

priority given the scale of the problem.  In the US, national 

regulations initially focused on transportation and new 

major sources, while states were left to address existing 

sources.  It was soon clear that many states lacked both 

resources and expertise needed; EPA provided both 

funding, and documents specifying default technology-

based guidelines to support state action.  Today, most US 

states are well equipped technically, but problems with 

adequate funding persist.  EPA also took a lead role in 

later years when the technical basis and need for regional 

reductions became apparent.   

Finally, today, the U.S. is struggling to reconcile the 

importance of addressing the remaining air quality 

problems of ozone and fine particles in a changing 

climate that appears to have result in recent upticks in 

both pollutants (See Figure 1).  Short-term increases in 

national average PM2.5 in the last two years are directly 

related to increases in wildfires in the West.  Progress in 

reducing ozone across all US trends sites, slowed after 

2013 and a number of areas have showed an increase that 

is consistent with forecasts of rising temperatures and 

stagnation associated with climate change.   Obviously it 

is desirable to develop policies that address air pollution, 

climate change, and energy policy in an integrated fashion, 

since many sources overlap.  In the U.S., some states are 

already working on examples of such an approach7.

7  California Air Resources Board.  California’s Climate Plan.  https://ww3.
arb.ca.gov/cc/cleanenergy/clean_fs2.htmt
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