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It was a cold March morning when Anna pressed the button on the traffic lights to request to
the road. As she did so, a lorry thundered past putting out clouds of black exhaust. She co
The lights changed and she looked carefully before crofisengpad.Even if the lights were greer
for her, her grandmother had always insisted that she should not take a chance as a driveq
have been distracted and not seen the red light.

She hurried on down the street and turned into the courtyard of parament block. Anna opene(
0KS R22NJ gAGK KSNJ 1S& FyR OftAYOSR dzZLJ GKS
Greta lived on the second floor where she had a nice view overlooking the park. When the w
was fine and the traffic was notdonoisy, she would sit on her balcony watching the children j
in their playground and the mothers chatting around the edge as they did so. She regrette
the road between her front door and the park had become so busy over the last few year
result of thethe new biomass power plam@indthe many lorries passing by carryingod chips

'Yyl SYGSNBR KSNI ylyQa FLINIGYSYyG FYyR gl a
each end of the sofa and started to catch up with their news. Anngestdy saying that she ha
found her first job as a research assistant at the University. She would be working to unde
what triggers asthma in young children.

When asked how she was, Greta replied that she was fine and apart from all the usuahadh
pains there was nothing wrong with her. But she went on to say that she had been out to thg
earlier to get some things for their lunch and had run out of breath when climbing back u
stairs. She had paused on the first landing to recoverdneath. It was nothing to worry about
but it was the first time she had felt this bad.

Anna took out her phone and started to play with it. After a moment she turned to her nan
AaK26SR KSNJ 0KS aONBSyo aal @06S lriguality alkerdis sétfat
redé¢ Gretag & YR AaUAFASRY daoKI GO R2Sa 0GKIFG YSI yH
KFE@Ay3a (2 LI dAaS sKAfald Ot AYoAYy3d GKS aidl A
Anna explained that the red alert means that the airality today ispoor in the area apund
DNBGOIFQa LI NIYSydod 22NAESE A0 A& FT2NBOlad
her Nan, who has had bouts of asthma in the past, it shows that they are at risk and shoulq
unnecessary activities in the riskiest areas. [bnees passing along the main road were throwi
out exhaust containing many particles which floated in the air. The cars and buses were ad
this through brake dust as well as exhaust fumes. As the snow and ice nsatedndsand put
down to helpkeep the roads clear was also being thrown up into the air. The particles ¢
provoke severe asthma attacks in some people and hence the red alert.
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yourself. That way, if it is red, you can maybe plan not to go out or to take it easy. At leag
will know what may be causing it. In any case, | think you should go and see your doctor
what she thinks.

A few days later, Anna had a call from her Nan. dbetor said that | have nothing to worr
about, but she was very impressed that | had the app. She thinks it is excellent and, if pg
that | should simply avoid going out when the forecast is red. It is after all only a few dayj
year but that m those days, if | go out, | risk provoking an attack which could lead me to e
in hospital. Using the app should help me to avoid that.

{KS SYRSR o0& &l @Ay 3I inmy chbirgboud i2 WMafiyof thefingersdré
asthmatic and on soe days they cannot sind.it can help them avoid ending up in hospital
Ad O0SGGOSNI F2NJ SOSNE2YySD¢

This storyto set the scene for the casis, entirely imaginary, although realistic based on our
knowledge gained through the case interviews. The places are real, although the characters, the
conversation and the situation are entirely fictional.
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Clean air is vital fqueople- if a person can live without food for 40 days, without drinking

- for 3 days, then he will not be without air for even 3 minutes. Wheagecity can you

get fresh air? Parks? Urban green areas and forests? Not always. The economic activity
of the city and the active flow of transport on the main transport arteries on days with a
slight wind and temperature inversion cause the accumulation and spread of pollution
throughout the city.

Air pollution is one of the greatest threats tmumanhealth. Breathing polluted air increases the
risk of debilitatinglinessand fatal diseases such as lung cancer, heart disease and strokes. Globally,
it is now the 4th highest fatal risk factoausing 6.7m premature deaths each year

Air pollution is nost severe in urban areas where people are living in close proximity and houses,
offices and transport are at their most dense. Many cities are transport hubs with airports and ports
which further contribute to the problemas do the buildings which reduead change airflowsBut

air pollution is not restricted to cities and even low levialthe countryside caimcrease the risk of
illness and death in vulnerable persons.

In Europe, pollution levels have been falling following stringent efforts partigulaurban areas.

The use of wood and coal for domestic heating has been outlawed in many wities are also
limiting access to the most polluting cars and lorries. Furthermore, legislation is favouring the
phasing out of thermic engines in favourtbg introduction of electric vehicles. The overall goal
being to reduce emissions, particularly of small particles, of nitrous oxides and ozone.

Not all sourcesre manmade nor can be controlled localllfarming creates dust containing traces
of chemicad used on crops, wildfireend volcanosvhich create smoke particlashilst storms can
lift sand into the upper atmosphere which then descendsountriesfar away.

According to the European Environment Agency, in 2019, 307,000 premature deaths in &werope
attributed to small particlesvith 640,000 deaths overall due &l forms of ambient (exteriorir
pollution?. Whilst these numbers are high, they still indicatesignificant reduction of over 20%
since 2005 and the Egbalis to reduce this further, by imposing stricter limits, to around 200,000
deaths by 2030 so reducing the number of early deaths by 55% compared to 2005.

According to the World Bank and the IlEMpremature deaths caused by polluted air, cost the
world economy $225Hion each year and taking all consequences axmount,isabout $5.1trillion
worldwide. Within these numbers, the UK estimated to havé&9,800 premature deaths each year
and n Latvia the figure is around 1,400 deaths attributed to air pollution.

1 Adapted from the introduction on the Riga City website.

2 EEA report on Health Impacts of Air Pollution.

3 The cost of Air Pollution (World Bank and IHME)Note, that these figures differ from those available
in the UK (or example through COMEAPbut we shall use them for comparison with Latvia.
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Whilst the links between air pollution and health risks are wethblished, the precise relationships

are poorly understoodSome things are known about air pollution i.e. mortatayes, latency and
cessation lag, but a lot is unknown. It is well established that there is some immediate effect on
death rates in the days immediately following higher or lower air pollution levels; these are the
effects detected by timeseries studiesHowever, most of the mortality effects of air pollution take
longer to occuf, and the increasetife-time risk to an individual is hard to quantify.

Air pollution is not binaryit is not the casehat below a certain threshold the risk becomes zero.
Eachpersoninhales 14 kg of air each day, while drinking just 2 kg of water and eating 1.5 kg of food.
Air is therefore an essential component for léfiad, with each breathparticles in that air enter the

body but affect each person differentliResearctshows that not only acute events but also chronic
exposure affects human health andeduceshuman life expectancy by more than eight months on
average and by more than two years in the most polluted cities and regions worldwide.

Much of the risk is dowio individual healthFor example, it is known that air pollution can be a

trigger for asthmatic attacks which in rare cases can lead to death. This was the case in London in
2013 when sadly a9ear2 f R IANI RASR 064&SS Soniefpepl&@re fndr2 NB A Y
susceptible than others. Hence, systems whictvide information on the current levels of air

pollution and, perhaps more importantblertscan empower people. Specifically, those who have

health issues aggravated by pollution can take puicaary actions by staying inside, avoiding the

worst affected areas and to avoithnecessarphysical activities on the worst days.

TheairTEXBystem was first introduced into some London boroughs in 2007 and has been extended
to cover the whole of Lormh and more recently, Manchester. In 2018, it has also been introduced
into Latvia, in the capital city Riga as Ragd EXTThe service works based on data coming from

the Copernicus Atmosphere Monitoring service (CAMS) operated by the ECMWF. CAMS is based
around the ECMWF Integratdebrecastingsystem (IFS) which is a complex model taking in data
from many different sourcearound the world. Among its many data sourc8entinel satellites

provide information on the atmosphere and land and ocean surfaces which influence the earth
atmosphere.

Cambridge Environmental Research ConsultaERY; a companyased in Cambridge Ukakes
this data and merges it with another mod@lDMSUrban)whichdefine local emissions andban
structures. The model is adapted to each implementatioailgfEXTo simulate the roads, buildings
and pollution sources and to analyse the changeriioais. in each city concerned. Our case looks
at the impact in Riga but also in London as having the longest experience of its operation.

The system is relativelyew butreports from both London and Riga are positive about its use. It is

a tool to help wulnerable citizens to avoid suffering and allows them to plan a healthier use of their
time. Driven by increased awareness of the problem and heightened concerns by citizens, city
administrators have developed the system progressively using also the etfornit provides to

drive relevant policy decisions. As a result, it can help to reduce the number of hospital admissions,

4 The Mortality effects oflong-term exposure to particulate air pollution in the UK. Report by COMEAP.
Pp58
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reduce working days lost, and in the extremeguce premature deaths. The economic case shows
a potential benefitstemming from theuse of Sentinel dat® ¥175kto Rigal Yy B.8winthe UK
but much, much more importantly a better quality of life for its citizens.

Air pollution does not stop at country borders and the Sentinel data as well as the CAMS data does
not either. If we tak the Latvia and UK numbers and scale to the whole of Europe, we estimate a
total benefit2 ¥ | N3rdzy R ¢

These figures are certainly underestimat@sgital information on air quality is becoming more
widely available. Ithe last few yearsweatherforecasts @1 Af I 6f S 2y LIS2 L)X SQa
have generated much more sophisticated behaviour with decisions on what to do and when to do

it directly affected by the weather forecadtlore accurate forecasts have led to greater certainty

for longerperiods in the future. People use this data to plan their leisure activitigos@xample,
avoiding going to the beach when rain is forecddast of the population are regular users of
weather forecasts even to the extent that they become dependentruipo

This has a positive effect on their lives for which we have no measure. A similar result is to be
expected once air quality data reaches similar levels of availability and relidBilithhermore, as

new satellites and measurement instruments arerlahed, the quality and reliability are expected

to dramatically improve, allowing each citizenmare informedchoice whilst protecting their
health.
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forecasts are for poor air so protecting their
emergency hospital treatment.

Total benefits

Econemic Environmental Innowvation Reguiatory S(ien(e & Tech Societal
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Evaluated benefits: €175k in Riga, €3.8m pa across the UK, €30m in the EU

Figurel: Summary of Benefits along the Value Chain

SeBSCRxx Pagel2

Febuary 2023



EARSC l\\\' 4
s THE GREEN LAND it

1 LYGNRRdAzOGA2Y g { O02LIS
1.1 The Context of this study

The analysis of the case stullif Quality in Latvida & OF NNAX SR 2 dzi TheySeniinklS O2 y i
Economic Benefits Stuly 6 { S. { 0 ®d ¢ KA A& &addzRé A& f 22drikedd (2 R
products based on data generated by one or more Sentinel satellites deliver value to society and
citizens. Th&entineld I G St € A 1 Sa F 2 N¥CoperniCuHrshfamrherokitingdpace T 9! Q&
based observations onfall, free and open basis. Data coming from the Sentigétgyether with

other data collected by contributing missions and ground, sea or airborne instruménissed to

support key economic or societal areas such as agriculture, insurance, disastageneent,

climate change monitoring, etc. Sentinel data are thus a key component &fdpernicus Services

and a crucial source used by companies to deliver prodaicts services helping different users

across the Globe.

1.2 What is the Case all about?

This case is about the use of data from Sentinel 3 and that coming from the Copernicus Atmosphere
Service (CAMS) to provide information on air quality to the citizengyafiR Latvia and in London
UK.The data, when coupled with a model of the local urban environment; mapping the streets,
transport routes and densities, local infrastructure and high emission sources, allows a map of
forecast air pollution to be generatednd provide guidance of exposure to local citizehise
information is made available through a service calla@EXT

The core use is by individuaéspecially thoswith health problemswho may decide tadapt their
behaviour on days where the pollan is high. They cathoose toavoid exposure and as a result
reduce their own risk dbecoming illyequiring urgent treatment or worse an early death.

This has a number of benefits:

T It allows individuals with health problems to avoid exposure on batufon days and
hence to reduce the risk of adverse health effects.

1 Itreduces the load on local hospitals for urgent admissantsenables load planning when
pollution peaks are forecast.

1 It allows local businesses and public services to adjust theratipns especially where
children may be concerned

1 It helps local administrators to introduce legislation or procedures which reduce the overall
pollution levels.

1 It raises awareness of the problems associated with air pollution and helps drive politica
action.

Our case focuses drigaairTEXs it is operated in Riga, Latvia but also with reference to London
where it was first installed, and more data is availablevhich case, the service is referred to as
airTEXTo differentiate it
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1.3 How does this case relate to others?

This cases quite different from others from the perspective of the data used and the way the
service is generated and usdddiffers in the nature of the value chain and the role of the primary
users- who are fundamental to our analyses.

From a methodological perspee#i, we hesitated before taking on this case due to two factors:

1. The service is using data coming from many sources which is processed by several models
to generate the information output. Hence the attribution to Sentinels was expected to be
quite difficul. In practise, the importance of the data coming from the Sentinels is very high
and hence attribution has been judged as 100%, but against conservative economic benefit
estimates.

2. Calculating the economic benefits was expected to be complex even witheyiroblem
of attribution. However, several organisations have made efforts to calculate the benefits
in monetary terms and we have been able to benefit from these.

However, m comparison with other cases, the value chain which we use at the core of our
methodology is quite different in the roles beinglayed anddoes not result in progressive
transformations of the information at each of the tieM/hilst the service &rTEXYis clear the
resulting information is essentially passed directly to citizéris.enabled by the primary users and
other stakeholdersbut there is no transformation by the primary user and subsequently by other
secondary beneficiariesnstead, the service is constructed by the service provider, in line with
needs expressed byrimary users before being delivered directly to the end users, the citizens.
Other, secondary beneficiaries use the service much as would a citizen and they may even specify
their own preferences for the style and presentation of the service in the sameas/she primary

user. Consequently, unlike all other cases so far, there is not a visible benefit at each tier. The
benefits are considered to be societald derived from statistical trends.

As a result, the economic benefits have been calculated atitsl level and are not assigned to
separate tiers of the value chain as in all other cases we have produced.

In compensation, the neaconomic benefits were expected to be clearer and hence the overall
story would be strong. In reality, neither of thefsetors has proven too difficutb addresswhilst
the story is certainly very strong and interesting!

airTEXhas some common features with water quality monitoring. In two cases on this topic, we
have found that in Germany and in Finland, public bodies are providing information on lake water
quality and enabling their citizens to decide whether the lake is feafewimming or not. In this
respect, these the cases for air and water are similar in that the public bodies concerned do not
have a legal requirement to provide the information (although this can be debated) but
nevertheless, they make a certain budgetsdable so as to provide a better service to their citizens.
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1.4 More about the Study

Each case study analysed in SEBS, focuses on products and services which use data coming from
Sentinel satellites, measuring the impact of that product or seicgughout the value chain. The

starting point is the primary user of the satellite data, followed by a-&teptep analysis whereby

the operations of beneficiaries in each subsequent link of the value chain are analysed, all the way
down to citizens andociety.

In this process, the main aim is to understand and demonstrate the value which is generated using
satellitebased Earth Observations (EO) and particularly the data coming from the Copernicus
Sentinel satellites. Each case study thus underlinescthesal relationship between the use of
Copernicus Sentinel satellite data and benefits resulting from their use, including increased
productivity, more efficient and environmentally friendly operations, economic gains and improved
quality of life, among thers.

The benefits are categorised into 6 dimensions of which 5 arenmametary. In our work we have

found that often the noamonetary benefits are strongly undér LIJJINB OA I Gt SR S@Sy AT
immediate response is to look for hard numbers. Theiemsions of value are: economic,
environmental, regulatory, innovation & entrepreneurship, science and research, social benefits.
More details on these and the methodology can be found in a dedicated report

The evaluated and demonstrated benefits canused by:

A Decision makersHaving access to a portfolio of concrete cases where the benefits from the
operational use of Sentinel data in decision making are clearly articulated, helps decision
makers not only to justify future investments but also toedir them towards areas that
most matter in their country or organisation.

A Users: Moving beyond a vague idea of how EO services can support more effective
operations requires a concrete understanding of the benefits they can actually bring in
similar casesin this regard, it is both numbers and stories that can resonate with users and
attract them to explore further or deeper uses of EO in their operational activities.

A ervice providers:Solid argumentation around the economic and environmental benefits
stemming from the use of EO, coupled with powerful storytelling, can become an effective
marketing tool for service providers seeking to promote their solutions and for EARSC to
promote the sector.

In the framework of this projecgver 25case studies Wibe developed with reports to be published
on each one. The study has started in March 2017iaforeseen teend in2023

5 SeBS Methodology: A Practical Guide for Practitioners to evaluating the Benefits derived from the Use
of Earth Observation Data

SeBSCRxx Pagel5 Febuary 2023


https://earsc.org/sebs/wp-content/uploads/2020/12/SeBS-Methodology-2020.pdf
https://earsc.org/sebs/wp-content/uploads/2020/12/SeBS-Methodology-2020.pdf

EARSC . =
s THE GREEN LAND 1S A

1.5 Acknowledgements

Producing this case study report would have been impossible without the invaluable insights and
kind assistancef key stakeholders. In particular, we wishth@ankthe following persons for their
time spent talking with us to develop the case.

Julja Doktorova(ELLE, Latvia)
Janis Kleperi@Jniversity of Riga and advisor to Riga City Council)
Amy Stidworthy(CERC)

Lise Marie Frohn Rasmusg@&enior Researcher, Department of Environmental Science, University
of Aarhus)

Camilla GeeléSenior Researcher, Department of Environmental Sciendeekdity of Aarhus)
I £ S1 al y R NJLatviah Bhkirdninéng) Geology and Meteorology CentrEGMC)
Vincent Henri PeucfHead of CAMS, ECMWF)

Stijn Vermoote (Head @utreach, ECMWF)

Julie Berckmand&ECMWF)

Kristina Veidemane (Baltic Environment Forum)

Jo Hetherington, (Islington Borough Council), Chairperson dithi&XTonsortium.

Paul Newman, (Southwark Borough Council), member o&ittiée X Tonsortium.

Jason Andrews, (Merton Borough Council), Member ofaihEEX Tonsortium.

RuutaSkujina Evenflow)

We greatly appreciate the time that case experts are able to give emdgheir name listed here
does not imply any endorsement of our findings.

Our time and availability to meet and discuss with experts were seveoelstrainedoy the Covid
pandemic and all interviews were conducted remotdlfis is a regret adhi¢ personal meetings

and visits during a field visit lend a great richness to our understanding of the cases and the stories
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Clean air is vital fopeople- if a person can live without food for 40 days, without
drinking- for 3 days, then he will not be without air for even 3 minutes. Wheaecity

can you get fresh air? Parks? Urban green areas and forests? Not alwagsohnbmic
activity of the city and the active flow of transport on the main transport arteries on
days with a slight wind and temperature inversion cause the accumulation and spread
of pollution throughout the cify

2.1 TheQuality of Our Air

Air pollutionand the adverse impacts of poor air quality on our health, has become a major issue
of concern in recent years. According to the WHO2 million people die prematurely each ygar

as a result of exposure to ambient (outdoor) polluted air (and a furth@m due to indoor
pollution).

According to the World Health Organisation (WHO),

OAiIr pollution is contamination of the indoor or outdoor environment by any
chemical, physical or biological agent that modifies the natural characteristics of
the atmospheed’¢

Exacerbated by the increasing concentration of people in cities and the rapid increase in the number

of motor vehicles, dangerous chemicals and particles are becoming more present in thedaiy,

FfYy2ad pme: 2F (KS g2NIRaAQ LRLWzZIIGA2Yy fABS Ay O
steadily worse as the population increases, transport networks expand, and the economic activity
grows.

But air pollution is also caused by eveh&ppening outside the cities. Farming causes dust and

LI NOAOf Sa FNRY FSNIAEfAASNE (G2 06S OGKNRBgy Ayidz2 |
a2YSGAYSa mMnnQa YR S@Sy mnnnQa 2F (1Aft2YSGSNAO®
transportedmt Y& mMnnnQa 2F (1Af2YSGSNBR a ¢Sttt Fa LI NIOA
to air pollution and worsening air quality mainly in cities but also in rural areas.

Inhaled by humanst is shownthat these substances are damagingtbe environment and to
human healtfi. The concentration of these polluting substances varies over time and location and,
whilst not entirely caused by humans, is strongly affected by human activitiepollution is a
global problem Figure2-1 shows average concentration of PRMwveighted by population. Whilst

the greatest levels are found in a band from Northern Africa through the middle east to Asia, the
levels in Europe andther developed countries is still a cause for concern as is shown by WHO

6 Adapted from theintroduction on the Riga City website.

7WHO website on Air Pollution

8 https://www.who.int/news -room/fact -sheets/detail/lambient -(outdoor) -air-quality -and-health
9 Health Impacts of Air Pollution EEA
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efforts to tighten guideline limits. The map is showing averages across a country which disguises
the much higher levels seen in the urban areas. That this is a concern, is cedUefforts to
introduce tighter limit$°. We shall return to this later.

PM,, {pg'm®)
Oto <15
15 to <30

M 3010 <45 ‘
m 4510 <75
M 7510 <8BS

No data

West Easam
Africa Mecknormen

Caribbean & Central America Persian Gulf The Balkans Southeast Asia ‘ I

Northam Europe

10 explane data far oo CORTY ar region

Figure2-1: Global map of populatiorweighted average PM2.5 concentrations in 2019

In addition to human health, air pollution threatens the environment through acidification, eu-
trophication, and ozone damage, causing damage to forests, ecosystems and crops, with significant
impact on biodiversityThis pollution pressure can aggravateiations of nitrogen surplus via wa-

ter pollution.

Three substances are the primarymponentsof air pollution:

1 Nitrogen Dioxide emissions are primarily coming from cars and other vehicles. It is a very
local pollutant arising close to ground level, mgsiti cities where urban transport is at its
most dense. The high population density in cities leads to a high exposure.
1 Ozone is formed as a result of road transport burning fossil féelditionally,Ozone is
formed in the upper atmosphere and henceigrgficantly driven by meteorological factors.
1 Particles (PMI) which arise from many sources both smade and natural (blown sand,
volcanoes, wildfires). Anthropogenic sources include vehicles, home and district heating,
and some industrial processes. RMA I NE RAQGARSR Ayid2 H OFGS32

10 Proposal for a revision of the Ambient Air Quality Directives.
11 State of Global Air 2020
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which are less than 2.5microns in size, and PM10 which are less than 10 micrtaesul
description oft_a L Q &e fadhdyhere

Household air pollutibn

Figure2-2: Percentage ofll Global Deaths Attributed to Air Pollutants.

Of the total global deathsach yeararound 12% are attributed to the various causes of air pollution
as shown irFigure2-2 - taken from the State of Global Air 2020 repgérfFrom this we see that
particles and especially the fine particles PM2re considered to bthe highest riskeading to 7%

of global deaths each yedfor this reason, ouasnalysis is focused on this cause.

This is further reenforced by theimpact assessmefftmade by the EC in relation to the revised
regulations on air qualiy. Thisstates thatthe air pollutant considered to cause the greatest harm

to the European population is fine particulate matter (PM2.5). This pollutant can either be a result
of primary emissions (mainly from combustion of fossil fuels or biomass), or a sgcprathrct of
precursor pollutants, hamely nitrogen oxides (NOx) and sulphur dioxide (SO2) (both mainly stem
from fossil fuel combustion) which combine with ammonia (NH3) (which mainly stems from agricul-
ture). Thus, concentrations of PM2.5 lend themselgearaoverall headline indicator of air pollu-

tion, as significant reductions of PM2.5 can only be achieved by taking measures that reduce emis-
sions of a range of air pollutants across a range of activities, including domestic heating and agri-
culture, but ao transport, power generation and industrgeeFigure2-3.

SeBSCRxx Pagel9 Febuary 2023


https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-health

]
EARSC n W —=

\ ‘=
s THE GREEN LAND et
SO2 (Me) NOx (Mt) PM2.5 (M)
| [
1
2] : 8]
S
- 8]
_ . _ g
| 1 -] 11 l
Ill-l- I.lllll Illll
NH3 (Mt) NMVOC (Mt)

= -Agficuiture
B = — | Waste
| Transport
Industry
m Residential
. M Power plants
- 8. 8 B B 2 R =R I I l H mm

Figure2-3: Actual andorecast levels of pollutants in the EU (baseline scendrio)

The world is not standing still and international action to reduce pollution has resulted in falling
levels. In the EU, levels have been falling even relative to increased economic deityitg2-4

shows the trend established since 2005. Economic growth is shown in the upper line, whilst the
levels of the major air pollutants are shown below. Nitrogen Dioxide has fallen by 36% compared
to the reference whilst particles have reduced by just under.30%

Even so, the levalf air pollution in the EU is considered to be too high and measurebeirg
considered to tighten limits and reduce the risk even furthdn 2020, for example, fine particulate
matter (PM2.5) concentrations were reported to be higher than the EU annual limit value at least
at one sampling point in three EU Member States. Such concentrations above the limit value were
registered in 2% of all the reporting stations and occurred primarily in urban or suburban areas.

As the limits are tightened, so interest is also growing in categorising the types of pollutant. The EC
proposal introduces the possibility to start to measuredbaifferent particulates and distinguish
between levels of black carbon and other ultrafine particksfar, a lack of such data has hindered
research as to what degree the different particle types cause different health problems.

Where do the pollutarg come from? As indicated, the large majority are caused by urban transport
which has both been increasing and becoming more concentrated in cities, exactly where the
citizens are living and working. Particles are not just arising from combustiofrom thermic

12 Impact Assessment Report accompanying the Proposal for a Directive of the European Parliament and of
the Council on ambient air quality and cleaner air for Europe (tgcas
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engines Dustand saltthrown up from the road, brake and tyre wear also cause particles to be
thrown out. Some industrial processesuch as steel productiocause pollution as well as wood
burning or worse coal burning stoves used for domestidistrict heating. Finally, not all of the
pollutants are anthropogenic, and wind born particles from wildfires or sand picked up in deserts,
are a problem under certain meteorological conditions.
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Figure2-4: Trends in EU27 emissions 26@D193,

All these pollutantscause difficulties and especiattardio andrespiratory illnesses in humans as
we shall discuss in the next chapter. Quantifying and monitoringeffects of exposure to air
pollution in terms of public health is a critical component in policy discussion.

2.2 A Risk to our Health

The EEA considers that pollution is the biggest environmental health risk in Europe

OAir pollution is hard to escapepmatter where you live. It can seriously affect
your health and the environment. Even though air quality in Europe has improved
over recent decades, the levels of air pollutants still exceed EU standards and the
most stringent World Health Organizationidelineg.

As seen ifrigure2-1, exposureto excess air pollution is a global problem. Whilst it affects all people
globally, it accompanies the trend to increased urbanisation and economic growth. As a result, the
impact is worse in developing countries where both these trends are more impoitamecent

years, both the degree of pollution and the numbers of people exposed have been rising in China
and India. A discussion of this can be found onwWht#O website dedicated to air pollution

Some health effects associated with air pollution are well recognised such as increases in hospital
admissions and deaths from cardiovasculaedses, respiratory diseases and lung cancer. That

13 https://www.eea.europa.eu/publications/air -quality-in-europe-2021/sources-and-emissions-of-air
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those with preexisting cardiovascular conditions, respiratory diseases and older people are at a
higher risk. But research is now showing that air pollution may be associated with a much wider
range of kealth issues such as neurological dised#éculties inpregnancy and diabetes.

The risk to health is driven by both gases and particles. Nitrous oxides and ozone have a neurological
effect after sustained exposur®zone has been shown to affect thesspiratory, cardiovascular and

central nervous systenT.he offending, airborne particles are classified into two sizes. Firstly, those
GAOUK I RAFYSGSNI 2F mMn YAONRBYSUGOSNB omn YAffA2Y (K
lungs. But the moshealth-damaging particles are even smaller. Those with a diameter of 2.5
micrometers or lesg abbreviated as PM2&50F Yy LISY SGNI S GKS € dzy3 o6 NNJ
blood system. These are extremely fine particles: 2.5 micrometers is abotthotieth of the

diameter of a human haind, as a result of entering the blood streazause a wide range of health

problems in addition to those caused BW° damage to the lungs and heart.

A
Thousands

. Heart Attacks,
3+
g g
a 3
§ Tens of é
—
9) Thousands o]
o Lost work days, m
o =
2 School absences )
¥ (2]
c a
o Respiratory symptoms,
F

Millions Medication use

Lung function decrements,

inflammation

Proportion of population affected

Figure2-5: Health impacts of Air Pollution

A visualisation of the health impacts of air pollution is produced by the Benefits Mapping
programme run by the US EPAFigure2-5 shows the proportion of the population which is
affected by air pollution to different degrees of severity. It is drawn from the BerMEBRol which

14 US Environmental Protection Agency Benefits Mapping Programme (BenMAP).
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estimates the number and economic value of health impacts resulting from changes in air quality
specificallygroundlevel ozoneandfine particles

The WHO estimates that in 2016, some 58% of outdoor air pollnétated premature deaths were

due to ischaemic heart diseafeadequate blood supphdnd stroke(rupture of blood vessel irhe

brain), while 18% of deaths were due to chronic obstructive pulmonary disease and acute lower
respiratory infections respectively, and 6% of deaths were due to lung cancer.

Some deaths may be attributed to more than one risk factor at the same time=x@aonple, both
smoking and ambient air pollution affect the development of lung cancer. Some lung cancer deaths
could have been averted by improving ambient air quality, or by reducing tobacco smaihma

is a majorcause of problems as we shall seeetaAsthma is caused by particle air pollution as well

as the more wetknown pollen from plants and trees. Timely information on both of these can help
save lives.

The results of the latest Global Burden of Disease study (GBD2b6¢%e Institute forHealth
Metrics and Evaluation (IHME) has become an essential resource for policy makers in their fight
against disease and to analyse the data for specific effects for instance air pollution. The reports
can be found in their scientific publications (tkeientific publication is usually published in The
Lancet) and also on their websitealthdata.ord. The study is conducted every 2 to 3 years and
the data provides the basis for many deeper, mfireusedstudies including a dedicated analysis
such as that on air pollution impacts was conducted using data from the 2015%tudy

Further detailedanalysb @ G KS | SFf K 9FFSOGa LyadAddziS o1 9L
2T Df 20 " publishel in 2OBOLJRS Nbwn Fiigure2-6, in 2019, air pollution moved up

from 5th to the 4th global leading risk factor for death, continuing to exceed other widely
recognised risk factors for chronic diseake bhbesity (high bodynass index), high cholesterol, and
malnutrition.

15 The Global Burden of Disease: https://wwwthelancet.com/ghd
16 https://www.thelancet.com/journals/lancet/article/P11IS0140 -6736(17)30505-6/fulltext
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Figure2-6: Global ranking of risk factors by total numbers of deaths in 2019

In the discussion above and the analysis that follows in the report, the focus is almost exclusively
on deaths caused bgmbientair pollutionwith a focus on particlesThisfollowsthe large majority

of academic studies for two reasons. First, morbidity makes up a very small share of the total health
impacts of air pollution. The impact on society is dominated by the loss to sfi@etythose who

die prematurdy. According to a study byne World Bank and IHME, the regulatory analyses of air
pollution control policies in the United States and elsewhere have consistently found that the
majority of economic benefits accrued by improving air quality take the form of avoided premature
deaths.

The severity of the air pollution is largely characterised by the numbers of people dying from

exposure. As the pollution levels have fallen, so the death rates have aFigeie2-7 shows how

the global death rate per 100,000 for indoor and ambient pollution has changed since 1990. The
global figures are driven largely by Asian countries where it is falling due to eitlo®r pollution

levels. The death rate due to ambient particle pollution has stayed fairly constant with even a slight
rise.

In Europe, similar falls have been visible as shoviigare2-9, but in this case driven by outdoor
pollution and specifically falling concentrations of particulate matter. The death rate in Europe is
around 2530 persons per 100,00 compared to a glolglife of around 57.

In the EU, the EEA estimates that over 96% of the persons within the EU urban areas are exposed
to air pollution which exceeds the WHO guidelines. Less than 1% are exposed to levels above the
EU guidelines which are much less stringban those of the WHFigure2-8, taken from the EEA
annual report on air quality, illustrates this quite clearly.
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In Latvia, the death rates have also been falling significantly driven largeheleduction in
concentration ofambient particulates but also by falling indoor pollution. Today, the rates are
around 30 persons per 100,000, similar to those across rofittie EU.

Even if much of the focus on impacts is on deaths, many millions of people suffer from the effects
of air pollution. Children and the elderly are particularly vulnerable. From the WHO fact sheet:

G{ K2NIi G SN)Y SELR &dzNBelyfozausdladuie he@lidriehctioSs sieh G G SNJ A
as irritation to the eyes, nose and throat coughing, wheezing and increased frequency of
acute lower respiratory reactions.

More prolonged and continued exposure to either high or lower levels of air pollution can
also lead to an increased risk of respiratory infections, exacerbation of asthma, bronchitis
or serious chronic affects including reduced lung function, ischaemic heart disease, stroke,
fdzyd OFYyOSNI FyR LINBYIFGdz2NBE RSI GKd¢
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Figure2-9: Death rates in Europe due to air pollution per 100,000r(world in data

CKS 2@0SNIff tz2aa (2 az20AaSie& Aa 3IASy NdastedLde YSI & dz
Years). The 2015 IHME study finds tima2015, exposure to PM caused 4-2 million deaths and

Mnoim YAIYARyMpBO[| RASASNE GKS 5! [, Qa INB R2YAY
premature death so someone dying younger is a greater loss to society than the loss of an older
person.

18 WHO Fact sheet 1; What is Air Pollutior?019.
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Figure2-10: Death ratesn Latvia due to air pollution per 100,000 peopluf world in daty
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on human health are far more widespread. The US government National Institute of Environmental
Health Sciences (NIEHS) provides an extensive summary of the health impacts for different age
groups®. Without repioducing all the findings, children are especially vulnerable with poor air

quality linked to respiratory problems in later life such as asthma, bronchitis and lung damage
especially in those practicing sports in poor conditions. Some issues of braineeelomay be

linked to breathing polluted air and also some behavioural problems. Older adults may be more

4dza OSLIiA0fES (G2 ySdNRf23AO0If RA&Z2NRSNE &dzOK | & |

To be noted also that although most focus is on citigsl citizens are not excluded and some farm
practices as well as wildfires can lead to poor air quality for extended periods of time.

So, the causes and the impacts are relatively well identified even if the links are not yet fully
understood such thathe problem of poor air quality is widely acknowledged. What can be done to
improve the situation, and how can satellites help?

2.3 Addressing the problem at source

What can be done to combat the health impacts of ambient air pollution? Governments are
introducing policies to reduce the levels of pollution whilst individuals are advised to take certain
precautions. For both types of measure, information is needed to be made available to citizens and
policy makers.

Reducing overall pollution levels regesr a raft of different policy responses from reducing or
changing the use of private vehicles, to improving public transport opportunities, to changing
industrial policy in favour of less polluting processes etc. A comprehensive approach is necessary to

19 https://lwww.niehs.ni h.gov/health/topics/agents/air -pollution/index.cfm
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make any real impacand it with this perspective that the EU is seeking to introduce the tighter
limitst®.

To mitigate against the pollution whiaoes exist, hte WHO recommend that individuals take all
available measures to minimize exposure to air pollifi@s well as taking steps to avoid adding

to pollution levels.People can only take avoiding action if they have timely information on the
pollution levels.Information derived from sensors and models can help consideraitlysuch
information is also of immense value to those taking decisions on behalf of the community and
setting policies.

The WHQurrently recommends that a limit of 10g3 isapplied with a daily peak no higher than

3 times this. However, the goal is to reduce this to 5ug/m3 which is not today met anywhere in
9dzNRB LISQa OAGASad ,espdeidip forysmallal gartidled wich pass ShédGgh aur
lungs,raises an interesting question of whether some pollutants are more harmful than others. At
existing levels, the focus is on quantity but could this change? Is coal dust more harmful than dust
from vehiclebrake padsFurther researchased on informationvhich is currently not available (as
recognised in the EC legislative propo¥alsill be needed to answer this question.

The WHO is the main ong@ation which is providing guidelines against which these decisions are
being taken. Other actors, such as UNEP, provide recommendations for measures which can be
taken especially in terms of natural sources of pollution. The UNEP is currently encolirdging

with digital technologie® to help both reduce pollution and to enable citizens to take more
informed decisions to protect themselves. An example is the GEMS (Global Environmental
Monitoring System for Aifj which, as well as providing open infoation on the air quality, is also
enabling warning and advice to be given to concerned coun&ges arecentwarning given to
Kyrgyz Repuld.

Whilst the international actors can provide guidelines and issue warnings, actions can only be taken
by the countries themselves or even at city or province level within a country. The measures are
complex and quitdanterrelated. So, introducing a ban on coal burning stoves will have a direct
impact on airborne particulates but requires investment to install alternative sources of heating.
Banning diesel cars over a certain age from a city centre changes the martketse and displaces

the problem to other cities as the older cars are sold on.

Yet these actions are progressive and necessary if the air quality is to be improved. Knowing that
this is happening through street level measurements and open communicatange a tool to
convince the local population that the policy is worthy. Increasingly, systems are being developed
and introduced into the cities to make this possible.

Many European cities have now introduced portals and apps that allow their citizéoloio the
evolution of the air quality, often on an hourly basis. As we shall discuss, these systems rely on both

20 WHO Fact sheet 2: Preventing the harmful effesof air pollution.
21 How Digital technology and Innovation can help protect the planet.
22 GEMS Monitoring Air Quality
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local sensors placed around the city as well as wider synoptic satellite data. Data are combined in
models which provide not just a curremtew of the situationg which is already very usefglbut

also a shorterm forecast. All the measurements, historic, current, and forecast enable individual
and collective decisions to be taken which reduce the impact of air pollution on the population.

In this case study, we are looking at such a system which incorporates the use of data coming from
0KS 9dz2NRPLSIYy {SylAySt alraSttaisSae hyS 2F GKS
Copernicus Atmosphere Monitoring Service (CAMS). CAMS praylated and Europearscale

forecasts twice a day on thatmosphere and, amongst other parameters, the chemicals and
particles linked to poor air quality. The CAMS output is further processed and combined with local
data. Examples of its use are found in London, Manchester and Riga in Latvia. Our story includes
the two UKcities but is mainly focused on the impact in the city of Riga, capital of Latvia.

airTEXTis not unique and in places wherocalized information is not available from a city
administration, global service providers can supply similar data e.g. |QWfs:(Mww.igair.com/),
however, at a lower spatitemporal resolution. Nevertheless, the availability of theseviees
indicates societal demand and great value in the supplied information that people certainly
appreciate as indicated by high download rans (e.g. in the Google Play store). It's worth noting
that some of these services (e.g. PlumelLabs, https://air.plumelabs.caagd use CAMS data
(https://air.plumelabs.com/en/sources).

2.4 The Situation in Riga

According to an EC repétprepared by the @CD and the WHO, population health issues in Latvia
call for improvements: life expectancy remains relatively low among EU states as are health
expenditures per capita, whereas avoidable mortality rates are among highest in the EU. Heart
attack and strokere much more frequent cause of death after admission to the hospital in Latvia
than in other EU countries, whereas PM2.5 is shown to be a trigger and Latvia has a high rate of
hospitalizations for asthma, which is more than double the EU average.

Accordirg to the WHO, there are 28,257 deaths in Latvia in 2014 of which 56.7% were due to
cardiovascular disease and 2.9% due to respiratory disease. However, smoking sardbient
pollution is a strong cause, so these numbers do not translate into a usaftg figr premature
deaths. In terms of premature deaths, the overall rate in Latvia is given as 30 per 100,000. The
population of Latvia is 1.97m and of Riga 632,000 leading to the figure of approximately 600
premature deaths in the country and 180 in Riga.

23 State of Health in the EU: LatviaCountry Health profile 2017.
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On 22nd February 2021, Riga city council sent out a warning for residents to stay inside if possible

due to the poor air quali§?. The pollution was caused by adverse weather conditions that had

created a dome of warmer air over Riga and prevented \adntiixing of the air columns. With cold

air and humidity from the Gulf of Riga trapping PM2.5 and PM10 particles, combined with sand

LI NI AOf Sa o0f26y FNBY GKS {FKFNIET GKS FANJI ljdzt £ A
respiratory difficulties \@s advised not to go out for any prolonged period and to limit any sporting
activities.

Such warnings do not happen often, but even so may be more than once per year. Riga is a city of
632,000 inhabitants covering an area of 300km2. Over the years, theatincil has taken action
against air pollution reducing it mainly to levels consistent with other European capitals. A first
strategic action plan was produced 2015 to 2020 and the latest plan has been published in late 2021
covering the period 2021 to(25.
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Figure2-11: Number of times the EU PMIimit was exceeded at 3 measuring stations.

The plan recognises that the levels of pollution in Riga exceeded the guideline limits on more days
than is accemble Day to day measurements are made with &itn measurement stations; 3
belonging to the city and 3 to the Meteorological office. These record the actual pollution levels.
Figure2-11 shows the number of times that the limit was broken for P&t 3 of the measurement
points across the city. In 2018, the limit was passed for 54 days which is 19 over the limit which was
just met in 2019 Figure2-12 shows annubaverage measurements for PMwvhere the limit is
regularly exceeded in at least one location.

24 L ANI lidz € AGS 2ANITORAEN RESERSNENI NB 6SAy3 Fal SR G2 A
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2014. g 2015. g. 2016. g. 2017. g 2018.g. 2019.g.

m Kr. Valdemara iela 40.21 37.4

M Brivibas iela 38.35 34.8 32.5 31.6 35.98 34.5

B Kronvalda bulvaris 23.7 19.9 19 17.23 23.27 20.25
Milgravja iela 15.2 15.24 19.86 18.63
Voleru iela 13.98 25.3

B Gales iela 15.47 18.33

Figure2-12: Annual average at 6 measuring stations relative to the BRU limit (2§19)

Whilst in themajority of cities, the air pollution is dominated by transport, individual situations do
differ. in the case oRiga,it is coming from a number of different sources and varies across the
districts of the city.:

I Transport. As in all cities, transport sysig are creating a lot of pollution at street level
particularly nitrous oxide and particles coming from cars, lorries and buses caused by
engine emissions, brake dust and fine rubber particles from tyres. Rmms$sdering
introdudnga free transport pss for the days when pollution is expected to be high in order
to reduce the number of cars on the roads.

1 Domestic heating systems. Around 70% of homes in Riga are heated by stoves which burn
wood. New builds and renovations are required to fit other feraf heating system which
are less polluting and more respectful of the environmdrite principal pollution are fine
and coarse patrticles.

1 The port of Riga where coal is exported and creates large amounts ofaddshence
airborne particleswhen it is noved. The amount of coal to be transferred is being reduced
and this problem is less evident than was the case a few years ago.

1 Sand and salt spread on the roads and pavements in winter, but which is liable to be lifted
into the air once the ice has gomed the roads become dry.

In addition, particles coming from agriculture practice the turning of the soil and distribution of
fertilizers are also causing significant levels of air partedegre sand particles picked up by winds
over the Sahara and blown over cities across Europe
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With regard to nitrogen oxides, the principal sosae domestic heating systems and transport.

Internal combustion engines account for-868% of the recorded nitrogen dioxide pollution in

Riga&®.

The EU legislation on air quality sets an upper limit on the allowed pollutant levels but, recognising

that there are exceptional conditions, permits these levels to be exceeded for a certain number of

days each year. F@EIl YLX S | &Sl azylt FIO02N 6KAOK:EZ O2dz
measurements over the limits theparticles coming from the grittop of roads using sand and or

salt. Figure2-13 shows the number of times the limit was exceeded in the last 6 years and when

this occurred on days when gritting was fuemed.
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Figure2-13: Number of times that the EU limit was exceeded when salt was applied (light grey)
and when it was not applied (blue).

These data are fine for knowing the historical levels of air potluwhich can help set the city
policies. In order for vulnerable citizens to react, forecasts are required. This is made possible by
the service RigairTEXTwhich uses data coming from the Copernicus Atmosphere Monitoring
Service (CAMS) together widetailed modelling of local sourcés establish a forecast of up to 3

days ahead. The dominant sources of air pollutants across Riga in 2019 are slitguré®-14

andin Figure2-15.

25 Air Quality in Riga and its Improvement Options; Janis Kleperis et al, Riga Technical University.
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Figure2-14: The average concentrations of PM10 pollution in the different Riga districts (left)
and their primary sources (right).

Figure2-15: The average concentrations of PM2.5 pollution in the different Riga districts (left)
and their primary sources (right).

The sources identified are transpoitah 2y ' YR R2YSaGA O KSFGAy3 dal LI «
cause drives the principal policy measures to be taken in each district.

The above figures show the average levels of particle air pollutidfigre2-16is shown how
this varies over time with a-gear window. The lowering of pollution levels as a result of
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