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Background and Motivation

Background

Air pollution found to be detrimental to health and non-health
outcomes (cognition, human capital, decision making and labour
productivity)
And recently air pollution has been included in the death certificate
for the first time:
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Background and Motivation

Southwark Coroner’s court and air pollution
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Background and Motivation

Motivation

Car exhaust is a major source of urban air pollution (Schwandt &
Alexander 2019, Currie & Walker 2011),
Different policies have been adopted to tackle this problem in many
countries/cities

– Congestion pricing in Stockholm and London
– License plate based restrictions in Mexico City and Beijing
– Low Emission Zone and Clean Air Zone schemes in Europe (Germany,

England)
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Background and Motivation

Motivation

While there is a lot of evidence on the effect of pollution on health
and non-health outcomes
Little is done on the effectiveness of transport polices on reducing
pollution and improving health
We investigate the air quality, health and well-being effects of the
largest and toughest traffic air pollution policies in Europe, the
Greater London LEZ and the Central London ULEZ
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Selected Literature

Literature Review (i)

A few studies looked at the air quality and health effects of some transport
policies in different countries:

congestion pricing in Stockholm and London (Simeonova et al. 2019,
Green et al. 2020);
license plate based restrictions in Mexico City and Beijing (Davis
2008, Viard & Fu 2015);
Low Emission Zone schemes popular in Europe (Pestel and Wozny,
2021; Wolf and Perry,2010; Ellison et al., 2013; Wolf, 2014;
Margaryan, 2021; Gehrsitz, 2017).
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Selected Literature

Literature Review (ii) - congestion p policies

Simeonova et al. (2019) Investigate the effect of Stockholm congestion
pricing (CPZ) on air pollution and health

They find that the CPZ reduced NO2 and PM10 levels by 15- 20 and
10-15 percent, respectively
Find a significant reduction in visits for acute asthma attacks among
children aged 0-5

Green et al. (2020) investigate the effect of London congestion charge
(CCZ) on air pollution

They find that the CCZ reduced CO, NO, and PM10

However, NO2 increased after the implementation of CCZ in central
London
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Selected Literature

Literature Review (iii) - license plate restrictions

License plate based restrictions in Mexico City and Beijing (Davis 2008,
Viard & Fu 2015);

They do not find evidence of improvement in air quality during any
period for any pollutant
Instead, evidence on change in the composition of vehicles toward
used, and thus higher-emitting, vehicles
And shows a slight increase in the use of taxis

Habtamu Beshir and Eleonora Fichera (Bath) LEZ, air pollution and health June 9, 2022 9 / 50



Selected Literature

Literature Review (iv) - Low Emission Zones policies (a)

In Germany, many cities adopted Low Emission Zones (LEZ) since
2007
Pestel & Wozny (2021) explore the air pollution and health impacts
of these low emission zone policies
Focus on pollutants PM10 and NO2; and health outcomes related to
cardiovascular and respiratory diseases
Find that the LEZs improve air quality
Incidences of diseases related to the circulatory and the respiratory
system are also lower as a result of LEZ
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Selected Literature

Literature Review (iv) - Low Emission Zones policies (b)

Similarly Margaryan (2021) studied the air pollution and health
effects of LEZs in Germany
Find that LEZs significantly reduce PM10, and smaller and no
significant effect on NO2

Importantly, study finds that LEZs decreased the number of patients
with cardiovascular disease
Strong effect for those above the age of 65 and for cerebrovascular
diseases
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Selected Literature

Literature Review (iv) - Low Emission Zones policies (c)

Ellison et al. (2013) studied the effect of LEZ in Greater London on
air pollution
Find 13% reduction in PM10 inside LEZ
The study, however, used a before and after comparison to estimate
the effect of LEZ
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Selected Literature

Our contributions

We evaluate the largest LEZ in Europe (Greater London’s) and the
toughest one in the world (ULEZ in Central London)
We use DiD strategy exploiting the time of LEZ and ULEZ
introduction and comparing Greater and Central London to compared
unexposed cities in England
We are able to control for a number of individual and area-level
characteristics that can impact both air pollution and health
We, for the first time, evaluate the effectiveness of ULEZ both on air
pollution and Health.
Also, using Annual Population Survey (APS), we investigate the
effect of ULEZ on Well-being outcomes beyond the traditional health
outcomes used in the literature.
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The Policies

Policy 1: Low Emission Zone (LEZ)

London LEZ was started in February 2008
Other cities followed to implement LEZ style policies: Oxford in 2014,
Brighton in 2015, Norwich in 2008
The LEZ in London:

Phase I: started with Euro III standard for vehicles with gross
vehicle weight (GVW) of more than 12 tonnes operating in the
LEZ
Phase II: in July, 2008, this was extended to freight vehicles with
a GVW of more than 3.5 tonnes as well as buses and coaches
with a GVW of more than 5 tonnes
Phase III: in January 2012, Euro III for larger vans minibuses and
Euro IV for HGVs, Buses and Coaches
non-compliers pay charge £100 for large vans or £200 for heavy
vehicles
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The Policies

Low Emission Zone in Greater London
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The Policies

Policy 2: Ultra Low Emission Zone (ULEZ)

First of, LEZ is also operational in Central London, which is part of
Greater London.
On October 2017, T-Charge was introduced in Central London as
stepping-stone for ULEZ
In April 2019 ULEZ replaced T-Charge
Standards:

– Euro 4 for petrol cars and vans (vehicles less than fourteen years
old in 2019);

– Euro 6 for diesel cars and vans(vehicles less than five years old in
2019), lorries, buses and coaches;

– Euro 3 for motorcycles and other L-category vehicles;
– Those who do not meet these standards must pay: £12.50 per

day for cars, motorcycles and vans or £100 per day for lorries,
buses and coaches. It operates 24h a day, every day of the year
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The Policies

Ultra Low Emission Zone, Central London

Figure 2: Areas covered by LEZ
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Empirical Strategy

Air Quality effects of LEZ

Pict = α0+β0(Londonc∗Postt)+θ0Londonc+γ0Postt+π0Wict+ζ0τt+Si+εict

(1)
– Pict is air pollution level (NO2, PM10) of station i, located in city c,

at time/date t;
– Londonc is an indicator that takes 1 for London LEZ; and 0 otherwise
– Postt takes 1 for the period after the implementation of LEZ; and 0

otherwise;
– Wict is weather (rain, temp, wind) controls;
– we control for month

fixed effects, year fixed effects and treatment specific time trends (τt)
and station fixed effects (Si);

– β0 estimates the air pollution effects of LEZ in the exposed city
relative to other unexposed cities in England
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Empirical Strategy

Air Quality effects of ULEZ

Pict = α1 + β1(CLc ∗ PostLEZt) + β2(CLc ∗ PostTCt)+
β3(CLc ∗ PostULEZt) + θ1CLc + γ1Postt+

π1Wict + ζ1τt + Si + ηict

(2)

– Pict is air pollution level (NO2, PM10) of station i, located in city c,
at time/date t;

– CLc is an indicator that takes 1 for central London; 0 otherwise
– Postt takes 1 for the period after the implementation of ULEZ and

the others policies in CL (TC and LEZ); and 0 otherwise;
– Wict is weather (rain, temp, wind) controls;
– we control for time fixed effects and trends and station fixed effects,
τt and Si;

– β1, β2 and β3 estimates the air pollution effects of LEZ, TC and
ULEZ
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Empirical Strategy

Health effects of LEZ

Himct = α2 + δ0(Londonc ∗ Postt) + ϑ0Londonc + χ0Postt+
λ0Ximct + ξ0τt +Dm + υimct

(3)

– Himt is physical health of individual i living in MSOA m, at
time/date t;

– Ximt contains pre-determined individual characteristics such as age,
gender, ethnicity as well as area level controls (house price, IMD);

– we also include linear differential time trends and month, year FE; as
well as MSOA FE (Dm)

– δ0 estimates the health effects of LEZ in the exposed city relative to
other unexposed cities in England
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Empirical Strategy

Health effects of ULEZ

Himat = α3 + δ1(CLa ∗ PostLEZt) + δ2(CLa ∗ PostTCt)+
δ3(CLa ∗ PostULEZt) + ϑ1CLa + χ1Postt+

λ1Ximat + ξ1τt +Dm + νimat

(4)

– Himat is physical health and well-being of individual i living in MSOA
m, but working in area a at time/date t

– Ximt contains pre-determined individual characteristics such as age,
gender, ethnicity; as well as area level controls (house price, IMD);

– we also include linear differential time trends and month, year FE; as
well as MSOA FE (Dm)

– δ1, δ2 and δ3 estimates the health and well-being effects of LEZ, TC
and ULEZ
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Empirical Strategy

Inference

We report robust standard errors that are clustered at the city level
In our case, we have a single treated group (Central London for ULEZ
and Greater London for LEZ).
In such a case, alternative inference methods are considered (Donald
and Lang, 2007; Conley and Taber, 2011; Cameron et al., 2008).
However, in cases where there is heteroskedasticity generated from
variation in group sizes, these methods are not preferred as well.
As a result, we also report p-values produced by the procedure
proposed by Ferman and Pinto (2019) in our main results

Habtamu Beshir and Eleonora Fichera (Bath) LEZ, air pollution and health June 9, 2022 22 / 50



Data and Descriptive Statistics

Data (i) - LEZ/ULEZ coverage

We obtain LEZ and ULEZ postcodes from Transport for London
(TfL) using FOI
Unexposed Areas only include major cities and towns in England
In ULEZ analysis: Exclude other parts of London from control group
and consider only Central London
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Data and Descriptive Statistics

Data (ii) - Pollution Data

Daily Pollution (NO2, PM10) data from UK Air Quality Archive from
LEZ sample: 2003 to 2015
ULEZ Sample: 2003 to 2019
Daily Weather (rainfall, temperature and wind) data from Met Office
– MIDAS Land Surface Stations data
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Data and Descriptive Statistics
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Data and Descriptive Statistics

Figure 3: NO2 trend before and after LEZ
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Data and Descriptive Statistics

Figure 4: PM10 trend before and after LEZ

Habtamu Beshir and Eleonora Fichera (Bath) LEZ, air pollution and health June 9, 2022 27 / 50



Data and Descriptive Statistics

Figure 5: NO2 trend before and after ULEZ
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Data and Descriptive Statistics

Figure 6: PM10 trend before and after ULEZ
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Data and Descriptive Statistics

Data (iii): Health and Well-being Data

For health, we use the Quarterly Labour Force Survey (QLFS)
The data is a large survey that collects information from
approximately 40,000 households and approximately 100,000
individuals every quarter since 1992.
It contains rich socio-economic information, particularly with regards
to employment
Annual Population Survey (APS) for well-being and general health
APS has 4 well-being questions:

overall, how satisfied are you with your life nowadays?
overall, to what extent do you feel the things you do in your life are worthwhile?
overall, how happy did you feel yesterday?
overall, how anxious did you feel yesterday?
People are asked to respond on a scale of 0 to 10, where 0 is “not at all” and 10 is
“completely”.
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Data and Descriptive Statistics
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Data and Descriptive Statistics
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Data and Descriptive Statistics
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Main Results

The Effect of LEZ on Air Quality
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Main Results

The Effect of LEZ on Air Quality
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Main Results

The Effect of ULEZ on Air Quality
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Main Results

The Effect of LEZ on Health
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Main Results

The Effect of LEZ on Health
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Main Results

The Effect of ULEZ on Health
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Main Results

The Effect of ULEZ on Well-being
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Additional Results and Robustness

Change in the vehicle fleet due to ULEZ
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Additional Results and Robustness

Triple difference approach (DDD)

From the atmospheric sciences literature (Karner et al., 2010):
– NO and NO2 blows up to 565 meters from highway or major road
– PM10 only extends up to 200 metres
– we define an exposure buffer zone that is equal to 1 if the monitoring

station is within 565 of a major A road (in case of NO2)
– with in 200 metres (in case of PM10).
– we run DDD estimations where this dummy is interacted with London

and Post LEZ indicators.
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Additional Results and Robustness

Triple difference approach (DDD)
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Additional Results and Robustness

Anticipation of LEZ?

Figure 7: NO2 event study graph Figure 8: PM10 event study graph
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Additional Results and Robustness

Effects outside London?
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Additional Results and Robustness

Additional robustness

Exclude from controls Oxford, Brighton, Norwich and include them in
treatment
Use city rather than treatment trends
Exclude weather controls: reduction of LEZ on NO2

Control cities more similar to London, with over 100,0000 residents
Exclude NYE and day because of fireworks
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Additional Results and Robustness

Back-of-the-envelope cost benefit analysis
There is no official assessment of the costs and benefits of this policy
TfL estimates the start up costs to be £36.5M, the operating costs to
be £28.1 and the revenues to be £11.6
Based on our findings, there are 357 extra ULEVs, at an average cost
of £27,747 (ONS, 2021), this equals to £9,905,679;
Using per capita cost of illness provided by Public Health England
(2020) of £3,488 for COPD, and defining people with bronchitis as
COPD patients who also have a limiting health condition for more
than 12 months, our estimates are a lower bound figure;
Applying our findings to the population estimate of COPD people in
London, we have savings for just over 460,416M;
Using the statutory sick pay (SSP) UK figure of £96.35 per week, for
an estimated 141.4 million working days lost (ONS, 2018), and
applying our estimates we have savings for £15.5M.
The calculation leads to over £960M savings for the overall
population, excluding the life satisfaction benefits.
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Summary and Conclusions

Summary and Conclusions

On air quality, we find that LEZ did not reduce NO2, but it decreased
PM10 in Greater London by 12% in comparison with the pre-LEZ
mean in the zone.
ULEZ significantly reduced both NO2 by 12.4% and PM10 by 27% in
Central London.
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Summary and Conclusions

Summary and Conclusions

On health, we find that LEZ reduced:
the probability of having long-term health problems by 4.6%, COPD by 14.5%,
the probability of having health problem that limits activity by 7%,
and the probability of asking sick leave by 17%
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Summary and Conclusions

Summary and Conclusions

For people working in central London:
LEZ reduces COPD by 19% and sick leave by 17.7%.
T-Charge also decreased long-term health problem by 18% , COPDs by 21.6% ,
heart diseases by 28.6%, and sick leave by 14%..
And ULEZ decreased long-term health problem by by 22.5% , number of health
conditions by 29.8% and sick leave by 17.7%.
Furthermore, ULEZ improves feelings of happiness, worthiness and satisfaction while
reducing anxiety.
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