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Lessons Learned from Los Angeles: 
5 Decades of Efforts, but Air Still 

Not as Clean as Needed 

1. Severe air pollution in urban 
areas is an old problem 

2. How was air quality improved in 
Los Angeles?  (Can this 
experience be a useful guide for 
today’s developing cities) 

3. Los Angeles had an advantage 

Today: 



China Central Television 
(CCTV) building Beijing 

January 2013 

Air pollution in Los 
Angeles in mid-20th 
century was 
second to none 

Los Angeles Civic Center 

January 1948  

1. Severe air pollution in 
urban areas is an old 
problem 



China Central Television 
(CCTV) building Beijing 

January 2013 

Los Angeles Civic Center 

January 1948  

24-hour average PM10 concentrations 
exceeded 600 µg/m3 in Los Angeles 
(National Academy of Engineering 
Report, 2007) 

Peak PM10 concentrations 
exceeded 1150 µg/m3 in Beijing 
(Zheng et al., Atmos. Chem. 
Phys., 2015) 

1. Severe air pollution in 
urban areas is an old 
problem 



China Central Television 
(CCTV) building Beijing 

January 2013 

Los Angeles Civic Center 

January 1948  

200 

Los Angeles 

Beijing: 2011 average PM10 
concentration of 114 ug/m3 

SoCAB Report: Air Quality Trends in 
California's South Coast Air Basin 1965-
1981, M. Hoggan, 1982 

1. Severe air pollution in 
urban areas is an old 
problem 



1. Severe air pollution in 
urban areas is an old 
problem 

Los Angeles Civic Center 

January 1948  

200 

Los Angeles 

Beijing: 2011 average PM10 
concentration of 114 ug/m3 

SoCAB Report: Air Quality Trends in 
California's South Coast Air Basin 1965-
1981, M. Hoggan, 1982 

14 March 2015 

Paris chokes on pollution; City of 
Light becomes City of Haze –        
    Los Angeles Times 

Peak PM10 
concentrations 
reached 120 
µg/m3 



Los Angeles Civic Center 

January 1948  

Tremendous progress has 
been made, but it required 
> 5 decades! 

Ozone  (O3) exceeded 600 ppbv 
in Los Angeles 

 (> 350 ppbv 8-hour average) 

O3 seldom if ever has 
exceeded 200 ppbv in Beijing 
– higher in downwind plumes 

1. Severe air pollution in 
urban areas is an old 
problem 



Los Angeles Civic Center 

January 1948  

2. How was air quality 
improved in Los 
Angeles? 

1. Severe air pollution in 
urban areas is an old 
problem 

Tremendous progress has 
been made, but it required 
> 5 decades! 



Emissions from all sources addressed! 
- Open burning banned 
- Industrial emissions controlled 
- Power plant emissions controlled,  

or moved elsewhere. 

2. How was air quality improved 
in Los Angeles?  



Emissions from all sources addressed! 
- Open burning banned 
- Industrial emissions controlled 
- Power plant emissions controlled,  

or moved elsewhere. 
- U.S. Urban Areas: Motor Vehicles 

dominate emissions. 

2. How was air quality improved 
in Los Angeles?  



Evaporated fuel and exhaust contain: 
 Hydrocarbons (VOCs),  
 Carbon monoxide (CO),  
 Oxides of Nitrogen (NOx), and 
 Primary PM 

VOCs + CO + NOx + sunlight gives 
  O3 and Secondary PM 

2. How was air quality improved 
in Los Angeles?  



2. How was air quality improved 
in Los Angeles?  

Ambient VOC and CO 
concentrations 
decreased by factor 
of ~50 in 5 decades 

Warneke et al., J. Geophys. Res., 2012 

This and following slides 
summarize data collected 
from a variety of sources 
at a variety of sites 



2. How was air quality improved 
in Los Angeles?  

…even while fuel use 
increased by factor 
of ~3. 

Warneke et al., J. Geophys. Res., 2012 

Per km traveled, modern U.S. 
vehicles emit ~1% of VOCs and CO 

compared to 1960 vehicles 

Ambient VOC and CO 
concentrations 
decreased by factor 
of ~50 in 5 decades 



2. How was air quality improved 
in Los Angeles?  

Pollack et al., J. Geophys. Res., 2013 

Factor of ~50 

Factor of ~4 

NOX reductions much slower 
than VOC reductions. 

Response of pollutants to 
emission controls: 
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Factor of ~50 

Factor of ~4 

Response of O3 is not propor-
tional to VOC reductions. 

NOX reductions much slower 
than VOC reductions. 

Response of pollutants to 
emission controls: 



Pollack et al., J. Geophys. Res., 2013 

2. How was air quality improved 
in Los Angeles?  

Response of O3 is not propor-
tional to VOC reductions. 

NOX reductions much slower 
than VOC reductions. 

Response of pollutants to 
emission controls: 

Reduction in HNO3 has 
followed NOx reduction. 



2. How was air quality improved 
in Los Angeles?  

Reduction in PAN has been 
very different. 

Pollack et al., J. Geophys. Res., 2013 

PAN (peroxyacetyl nitrate) was 
responsible for severe eye 
irritation in Los Angeles. 

Response of O3 is not propor-
tional to VOC reductions. 

NOX reductions much slower 
than VOC reductions. 

Response of pollutants to 
emission controls: 

Factor of ~130 

Response of secondary 
pollutants (O3, PM, 
PAN) to emission 
reductions is complex. 

Reduction in HNO3 has 
followed NOx reduction. 



2. How was air quality improved 
in Los Angeles?  

Pollack et al., J. Geophys. Res., 2013 

Factor of ~50 

Factor of ~4 

VOC to NOX ratio decreased 
by factor of 12 in L.A. - 
Photochemical environment 
has changed.  

It is not yet possible to 
model all major aspects 
of this 50 years of Los 
Angeles progress 

NOX reductions much slower 
than VOC reductions. 

Response of pollutants to 
emission controls: 



2. How was air quality improved 
in Los Angeles?  

Los Angeles Civic Center 

January 1948  

Tremendous progress has 
been made, but it required 
> 5 decades! 

Why did it take 
so long? 



• Substantial Science and 
Engineering Challenges 

- What are the important 
emission sources? 

- How can we control 
those emissions? 

Amazing technical success 

Why did it take 
so long? 

Emission controls developed 
over decades are now a 
tremendous resource for 
others! 

2. How was air quality improved 
in Los Angeles?  



• Substantial Social 
Challenges – Every 
proposed emission 
control effort was met by 
strident protests from 
those controlled. 

A long, exhausting political 
and legal process has 
been required.  

Why did it take 
so long? 

2. How was air quality improved 
in Los Angeles?  
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those controlled. 
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2. How was air quality improved 
in Los Angeles?  

1981 



• Substantial Social 
Challenges – Every 
proposed emission 
control effort was met by 
strident protests from 
those controlled. 

A long, exhausting political 
and legal process has 
been required.  

Why did it take 
so long? 

2. How was air quality improved 
in Los Angeles?  

Citizen Activists to Protest 'Out-of-
Control' Regulators; Air Quality 
Management District Called #1 
'Job Killers’ 

   PRNewswire, 7 June 2006 

21 June 2015 

Remarkable that emission 
control efforts have been 
sustained over 50 years.  



- The Los Angeles Basin contains 3 counties, 
and more than 50 separate cities 

- Progress was slow until South Coast Air 
Quality Management District was formed in 
1977  

• Substantial Political 
Challenges 

2. How was air quality improved 
in Los Angeles?  

Concerted action 
over the entire air 
shed is critical 



Lamsal et al., ES&T, 2013 

Colors: Surface NO2 concentration from satellite 
Contours: Population density  

Western U.S. has 
isolated urban 
areas. 

3. Los Angeles had an advantage 

Regional Transport will 
be particularly important 
in East Asia 



Lamsal et al., ES&T, 2013 

Colors: Surface NO2 concentration from satellite 
Contours: Population density  

Western U.S. has 
isolated urban 
areas. 

Regional Transport will 
be particularly important 
in East Asia 

In essence the East China 
plains constitute one mega-
city with >800 million people 

3. Los Angeles had an advantage 



Lessons Learned from Los Angeles: 
5 Decades of Efforts, but Air Still 

Not as Clean as Needed 

1. Air Pollution in today’s developing 
mega-cities is no worse than in 
earlier developing mega-cities  

2. Improving urban air quality is 
possible, … but requires very 
substantial emission reductions: 
The Los Angeles experience – 
Scientific, social, and political 
dimensions. 

3. Regional transport was not 
important in Los Angeles – 
Exacerbate political dimension? 

Today: 



Lessons Learned from Los Angeles: 
5 Decades of Efforts, but Air Still 

Not as Clean as Needed 
Open Question: How Clean is  
 Clean Enough? 
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