
                
 

SeBS-CR-xx Page 1 February 2023 

 

European Association of Remote Sensing Companies 

 

 

Sentinels Benefits Study (SeBS) 

 

! /ŀǎŜ {ǘǳŘȅ 

ƻƴ 

Air Quality Forecasting in Latvia 

 

   

  



                
 

SeBS-CR-xx Page 2 February 2023 

Client: ESA 

Client Representative: 
Alessandra Tassa 

Date of Delivery: February 2023 

Version: V1 

Author(s): Geoff Sawyer (EARSC) 

 Nikolay Khabarov (IIASA) 

  

  

Reviewer Alessandra Tassa (ESA) 

      

 

Version Date Comment 

1st Issue February 2023  

   

 

or more information contact: 

¶ EARSC: info@earsc.org 

¶ ESA: Alessandra.Tassa@esa.int 

 

Funded by the EU and ESA ς ESA Contract Number: 4000119743/17/I-SBo. 

The views expressed herein can in no way be taken to reflect the official opinion of the European 

Space Agency or the European Union. 

 

  

mailto:info@earsc.org
mailto:Alessandra.Tassa@esa.int


                
 

SeBS-CR-xx Page 3 February 2023 

Contents 

Setting the Scene ........................................................................................................................................ 7 

Executive Summary .................................................................................................................................... 9 

1 Introduction & Scope ........................................................................................................................ 13 

1.1 The Context of this study ...................................................................................................................... 13 

1.2 What is the Case all about? .................................................................................................................. 13 

1.3 How does this case relate to others? ................................................................................................... 14 

1.4 More about the Study .......................................................................................................................... 15 

1.5 Acknowledgements .............................................................................................................................. 16 

2 Air Quality in Latvia ........................................................................................................................... 17 

2.1 The Quality of Our Air ........................................................................................................................... 17 

2.2 A Risk to our Health .............................................................................................................................. 21 

2.3 Addressing the problem at source ....................................................................................................... 27 

2.4 The Situation in Riga ............................................................................................................................. 29 

2.5 Mitigation by Information on Ambient Air Quality .............................................................................. 34 

2.6 Informed Decision Making ................................................................................................................... 35 

2.6.1 What Decisions? ....................................................................................................................................................35 
2.6.2 What data? ............................................................................................................................................................36 
2.6.3 What alternatives? .................................................................................................................................................36 

3 The Use of Sentinel Data ................................................................................................................... 38 

3.1 How can Satellites help to monitor Air Quality? .................................................................................. 38 

3.2 Copernicus and the Sentinels helping to monitor air quality ............................................................... 39 

3.3 The Service ς Riga airTEXT .................................................................................................................... 41 

3.3.1 The Copernicus Atmospheric Monitoring Service (CAMS) .....................................................................................41 
3.3.2 The airTEXT Service ................................................................................................................................................43 
3.3.3 Riga airTEXT ...........................................................................................................................................................43 
3.4 Future Evolution of Air Quality Measurements and airTEXT ................................................................ 46 

4 Understanding the Value Chain ......................................................................................................... 50 

4.1 Description of the Value-Chain ............................................................................................................. 50 

4.2 The Actors ............................................................................................................................................. 50 

4.2.1 Tier 1: Service Provider ς ELLE, CERC, ECMWF ......................................................................................................50 
4.2.2 Tier 2: Primary User ...............................................................................................................................................52 
4.2.3 Tier 3: Secondary Beneficiaries ..............................................................................................................................54 
4.2.4 Tier 4: Citizens and Society ....................................................................................................................................55 
4.2.5 Other Beneficiaries ................................................................................................................................................55 

5 Assessing the Benefits ....................................................................................................................... 57 



                
 

SeBS-CR-xx Page 4 February 2023 

5.1 Overview ............................................................................................................................................... 57 

5.2 Analysing the Economic Benefits.......................................................................................................... 58 

5.2.1 Valuing the Impact on the Economy ......................................................................................................................59 
5.2.2 Evaluation of Health Impacts .................................................................................................................................62 
5.2.3 Cost of Hospitalisations .........................................................................................................................................63 
5.2.4 Summary of Economic Benefits .............................................................................................................................65 
5.3 Benefits along the Value-Chain ............................................................................................................ 66 

5.3.1 Tier 1: Service Provider ς ELLE, CERC, ECMWF ......................................................................................................66 
5.3.2 Tier 2: Primary User ς Riga City Council .................................................................................................................67 
5.3.3 Tier 3: Secondary Beneficiaries ..............................................................................................................................69 
5.3.4 Tier 4: Citizens and Society ....................................................................................................................................71 
5.3.5 Other Beneficiaries ................................................................................................................................................74 
5.4 Summary of Benefits ............................................................................................................................ 74 

5.4.1 Economic Benefits .................................................................................................................................................74 
5.4.2 Socio-environmental Benefits ................................................................................................................................75 
5.4.3 Regulatory Benefits ................................................................................................................................................76 
5.4.4 Innovation & Entrepreneurship Benefits ...............................................................................................................76 
5.4.5 Science and Technology Advancement ..................................................................................................................77 
5.4.6 Societal Benefits ....................................................................................................................................................77 

6 Conclusions ....................................................................................................................................... 79 

6.1 Summary of Findings ............................................................................................................................ 79 

6.2 The Impact of Sentinel Data ................................................................................................................. 80 

6.3 Widening the Perspective..................................................................................................................... 81 

6.4 Final Thoughts ...................................................................................................................................... 82 

Annex 1: References and Sources ............................................................................................................. 83 

Annex 2: Glossary of Abbreviations .......................................................................................................... 84 

Annex 3: General Approach and Methodology ......................................................................................... 85 

Annex 4: About the Authors ..................................................................................................................... 89 

 

  



                
 

SeBS-CR-xx Page 5 February 2023 

List of Figures 

Figure 1: Summary of Benefits along the Value Chain ..................................................................... 12 

Figure 2-1: Global map of population-weighted average PM2.5 concentrations in 2019. .............. 18 

Figure 2-2: Percentage of all Global Deaths Attributed to Air Pollutants. ....................................... 19 

Figure 2-3: Actual and forecast levels of pollutants in the EU (baseline scenario) .......................... 20 

Figure 2-4: Trends in EU27 emissions 2005 - 2019. ......................................................................... 21 

Figure 2-5: Health impacts of Air Pollution ...................................................................................... 22 

Figure 2-6: Global ranking of risk factors by total numbers of deaths in 201911. ............................ 24 

Figure 2-7: Global death rates due to air pollution per 100,000 (Our world in data)...................... 25 

Figure 2-8: Urban populations exposed to air pollutants above the guideline limits in 2021. ........ 25 

Figure 2-9: Death rates in Europe due to air pollution per 100,000 (Our world in data) ................ 26 

Figure 2-10: Death rates in Latvia due to air pollution per 100,000 people (Our world in data) .... 27 

Figure 2-11: Number of times the EU PM10 limit was exceeded at 3 measuring stations. .............. 30 

Figure 2-12: Annual average at 6 measuring stations relative to the PM10 EU limit (28µg) ............ 31 

Figure 2-13: Number of times that the EU limit was exceeded when salt was applied (light grey) 

and when it was not applied (blue).................................................................................................. 32 

Figure 2-14: The average concentrations of PM10 pollution in the different Riga districts (left) and 

their primary sources (right). ........................................................................................................... 33 

Figure 2-15: The average concentrations of PM2.5 pollution in the different Riga districts (left) and 

their primary sources (right). ........................................................................................................... 33 

Figure 2-16: CAMS PM2.5 daily mean over RIGA ............................................................................. 34 

Figure 2-17: NOX concentrations over Europe March-April 2019 and 2020. .................................. 37 

Figure 3-1: Current Sentinel satellites .............................................................................................. 39 

Figure 3-2: Copernicus "Core" Services ............................................................................................ 40 

Figure 3-3: Representation of the CAMS (credit: ECMWF). ............................................................. 42 

Figure 3-4: Representation of the data flow within Riga airTEXT service ........................................ 44 

Figure 3-5: Overall air quality forecast in Riga for 12th August 2022. ............................................. 45 

Figure 3-6: Representation of the ADMS-Urban model with key inputs and outputs. .................... 45 

Figure 3-7: Definition of scale for the European Air Quality Index. ................................................. 46 

Figure 3-8: Advice recommendations for citizens (EEA) .................................................................. 47 

Figure 4-1: Value chain for Air Quality (AQ) Forecasts in Riga ......................................................... 50 

Figure 5-1: Aarhus model for the Economic Valuation of Air Pollution (from University of Aarhus).

 .......................................................................................................................................................... 61 

Figure 5-2: Representation of the costs of Air Pollution (based on Report of the French 

Commission41) .................................................................................................................................. 63 

Figure 5-3: Actions taken by users of airTEXT. ................................................................................. 72 

Figure 5-4: Use of Riga airTEXT compared with the number of dusty days..................................... 73 

Figure 6-1: Summary of assessed benefits. ...................................................................................... 80 

 



                
 

SeBS-CR-xx Page 6 February 2023 

List of Tables 

Table 5-1: Societal costs of air pollution for selected countries (source IHME16). 60 

Table 5-2: Summary of Estimated Economic Benefits at different geographical scales. 66 

 



                
 

SeBS-CR-xx Page 7 February 2023 

{ŜǘǘƛƴƎ ǘƘŜ {ŎŜƴŜ 

 

 

It was a cold March morning when Anna pressed the button on the traffic lights to request to cross 

the road. As she did so, a lorry thundered past putting out clouds of black exhaust. She coughed. 

The lights changed and she looked carefully before crossing the road. Even if the lights were green 

for her, her grandmother had always insisted that she should not take a chance as a driver might 

have been distracted and not seen the red light.  

She hurried on down the street and turned into the courtyard of an apartment block. Anna opened 

ǘƘŜ ŘƻƻǊ ǿƛǘƘ ƘŜǊ ƪŜȅ ŀƴŘ ŎƭƛƳōŜŘ ǳǇ ǘƘŜ ǘǿƻ ŦƭƛƎƘǘǎ ƻŦ ǎǘŀƛǊǎ ǘƻ ƘŜǊ ƎǊŀƴŘƳƻǘƘŜǊΩǎ ƘƻƳŜΦ bŀƴƴȅ 

Greta lived on the second floor where she had a nice view overlooking the park. When the weather 

was fine and the traffic was not too noisy, she would sit on her balcony watching the children play 

in their playground and the mothers chatting around the edge as they did so. She regretted that 

the road between her front door and the park had become so busy over the last few years as a 

result of the the new biomass power plant and the many lorries passing by carrying wood chips. 

!ƴƴŀ ŜƴǘŜǊŜŘ ƘŜǊ ƴŀƴΩǎ ŀǇŀǊǘƳŜƴǘ ŀƴŘ ǿŀǎ ƎǊŜŜǘŜŘ ǿƛǘƘ ŀ ƪƛǎǎ ƻƴ ŜŀŎƘ ŎƘŜŜƪΦ ¢ƘŜȅ ǎŀǘ Řƻǿƴ ŀǘ 

each end of the sofa and started to catch up with their news. Anna started by saying that she had 

found her first job as a research assistant at the University. She would be working to understand 

what triggers asthma in young children. 

When asked how she was, Greta replied that she was fine and apart from all the usual aches and 

pains there was nothing wrong with her. But she went on to say that she had been out to the shop 

earlier to get some things for their lunch and had run out of breath when climbing back up the 

stairs. She had paused on the first landing to recover her breath. 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 and 

ǎƘƻǿŜŘ ƘŜǊ ǘƘŜ ǎŎǊŜŜƴΦ άaŀȅōŜ ǘƘƛǎ ƛǎ ǿƘȅ ȅƻǳ ŦŜƭǘ ōŀŘ ǘƘƛǎ ƳƻǊƴƛƴƎΣ ǘƘŜ ŀir quality alert is set at 

redέΦ Greta ǿŀǎ ƳȅǎǘƛŦƛŜŘΣ άǿƘŀǘ ŘƻŜǎ ǘƘŀǘ ƳŜŀƴΚέ ǎƘŜ ŀǎƪŜŘ !ƴƴŀΣ άǿƘŀǘ Ƙŀǎ ǘƘŀǘ ǘƻ Řƻ ǿƛǘƘ ƳŜ 

ƘŀǾƛƴƎ ǘƻ ǇŀǳǎŜ ǿƘƛƭǎǘ ŎƭƛƳōƛƴƎ ǘƘŜ ǎǘŀƛǊǎΚέ 

Anna explained that the red alert means that the air quality today is poor in the area around 

DǊŜǘŀΩǎ ŀǇŀǊǘƳŜƴǘΦ ²ƻǊǎŜΣ ƛǘ ƛǎ ŦƻǊŜŎŀǎǘ ǘƻ ōŜ ƭƛƪŜ ǘƘƛǎ ŦƻǊ ǘƘŜ ƴŜȄǘ н Řŀȅǎ ŀǎ ǿŜƭƭΦ CƻǊ ǎƻƳŜƻƴŜ ƭƛƪŜ 

her Nan, who has had bouts of asthma in the past, it shows that they are at risk and should avoid 

unnecessary activities in the riskiest areas. The lorries passing along the main road were throwing 

out exhaust containing many particles which floated in the air. The cars and buses were adding to 

this through brake dust as well as exhaust fumes. As the snow and ice melted, salt and sand put 

down to help keep the roads clear was also being thrown up into the air. The particles could 

provoke severe asthma attacks in some people and hence the red alert. 
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This story to set the scene for the case, is 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.  

!ƴƴŀ ǘƻƻƪ ƘŜǊ ƴŀƴΩǎ ǇƘƻƴŜΣ ƘŜǊŜΣ ƭŜǘ ƳŜ ƛƴǎǘŀƭƭ ǘƘŜ ŀǇǇ ǎƻ ǘƘŀǘ ȅƻǳ Ŏŀƴ ǎŜŜ ǘƘŜ ŦƻǊŜŎŀǎǘǎ 

yourself. That way, if it is red, you can maybe plan not to go out or to take it easy. At least you 

will know what may be causing it. In any case, I think you should go and see your doctor to see 

what she thinks.  

A few days later, Anna had a call from her Nan. The doctor said that I have nothing to worry 

about, but she was very impressed that I had the app. She thinks it is excellent and, if possible, 

that I should simply avoid going out when the forecast is red. It is after all only a few days each 

year but that on those days, if I go out, I risk provoking an attack which could lead me to end up 

in hospital. Using the app should help me to avoid that. 

{ƘŜ ŜƴŘŜŘ ōȅ ǎŀȅƛƴƎΣ άL ŀƳ ƎƻƛƴƎ ǘƻ ǘŜƭƭ ŜǾŜǊȅƻƴŜ in my choir about it. Many of the singers are 

asthmatic and on some days they cannot sing. If it can help them avoid ending up in hospital it 

ƛǎ ōŜǘǘŜǊ ŦƻǊ ŜǾŜǊȅƻƴŜΦέ 
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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

Clean air is vital for people - 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. Where in a city 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 city1. 

Air pollution is one of the greatest threats to human health. Breathing polluted air increases the 

risk of debilitating illness and fatal diseases such as lung cancer, heart disease and strokes. Globally, 

it is now the 4th highest fatal risk factor causing 6.7m premature deaths each year.  

Air pollution is most 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 problem as do the buildings which reduce and change airflows. But 

air pollution is not restricted to cities and even low levels in the countryside can increase the risk of 

illness and death in vulnerable persons. 

In Europe, pollution levels have been falling following stringent efforts particularly in urban areas. 

The use of wood and coal for domestic heating has been outlawed in many cities, which are also 

limiting access to the most polluting cars and lorries. Furthermore, legislation is favouring the 

phasing out of thermic engines in favour of the introduction of electric vehicles. The overall goal 

being to reduce emissions, particularly of small particles, of nitrous oxides and ozone.  

Not all sources are man-made nor can be controlled locally. Farming creates dust containing traces 

of chemicals used on crops, wildfires and volcanos which create smoke particles whilst storms can 

lift sand into the upper atmosphere which then descends on countries far away. 

According to the European Environment Agency, in 2019, 307,000 premature deaths in Europe are 

attributed to small particles with 640,000 deaths overall due to all forms of ambient (exterior) air 

pollution2. Whilst these numbers are high, they still indicate a significant reduction of over 20% 

since 2005 and the EU goal is 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 IHME3, premature deaths caused by polluted air, cost the 

world economy $225billion each year and taking all consequences into account, is about $5.1trillion 

worldwide. Within these numbers, the UK, is estimated to have 19,800 premature deaths each year 

and in 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 (for example through COMEAP) but we shall use them for comparison with Latvia. 

https://www.eea.europa.eu/publications/air-quality-in-europe-2021/health-impacts-of-air-pollution
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/781521473177013155/the-cost-of-air-pollution-strengthening-the-economic-case-for-action
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/304641/COMEAP_mortality_effects_of_long_term_exposure.pdf
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Whilst the links between air pollution and health risks are well-established, the precise relationships 

are poorly understood. Some things are known about air pollution i.e. mortality rates, 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 time-series studies. However, most of the mortality effects of air pollution take 

longer to occur4, and the increased life-time risk to an individual is hard to quantify.  

Air pollution is not binary; it is not the case that below a certain threshold the risk becomes zero. 

Each person inhales 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 life and, with each breath, particles in that air enter the 

body but affect each person differently. Research shows that not only acute events but also chronic 

exposure, affects human health and reduces human 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 down to individual health. For 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 a 9-year-ƻƭŘ ƎƛǊƭ ŘƛŜŘ όǎŜŜ 9ƭƭŀΩǎ {ǘƻǊȅ ƛƴ ǘƘŜ ǊŜǇƻǊǘύΦ Some people are more 

susceptible than others. Hence, systems which provide information on the current levels of air 

pollution and, perhaps more importantly alerts can empower people. Specifically, those who have 

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

worst affected areas and to avoid unnecessary physical activities on the worst days. 

The airTEXT system was first introduced into some London boroughs in 2007 and has been extended 

to cover the whole of London and more recently, Manchester. In 2018, it has also been introduced 

into Latvia, in the capital city Riga as Riga airTEXT. The service works based on data coming from 

the Copernicus Atmosphere Monitoring service (CAMS) operated by the ECMWF. CAMS is based 

around the ECMWF Integrated Forecasting System (IFS) which is a complex model taking in data 

from many different sources around the world. Among its many data sources, Sentinel satellites 

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

atmosphere.  

Cambridge Environmental Research Consultants (CERC), a company based in Cambridge UK, takes 

this data and merges it with another model (ADMS-Urban) which define local emissions and urban 

structures. The model is adapted to each implementation of airTEXT to simulate the roads, buildings 

and pollution sources and to analyse the change in airflows. 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 relatively new but reports from both London and Riga are positive about its use. It is 

a tool to help vulnerable 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 information it provides to 

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

 

4 The Mortality effects of long-term exposure to particulate air pollution in the UK. Report by COMEAP. 

Pp58 



                
 

SeBS-CR-xx Page 11 February 2023 

reduce working days lost, and in the extreme, reduce premature deaths. The economic case shows 

a potential benefit stemming from the use of Sentinel data, ƻŦ ϵ175k to Riga ŀƴŘ ϵ3.8m in the 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 take the Latvia and UK numbers and scale to the whole of Europe, we estimate a 

total benefit ƻŦ ŀǊƻǳƴŘ ϵ30m. 

These figures are certainly underestimates. Digital information on air quality is becoming more 

widely available. In the last few years, weather forecasts, ŀǾŀƛƭŀōƭŜ ƻƴ ǇŜƻǇƭŜΩǎ ǇƘƻƴŜǎ ƻǊ ƭŀǇǘƻǇǎΣ 

have generated much more sophisticated behaviour with decisions on what to do and when to do 

it directly affected by the weather forecast. More accurate forecasts have led to greater certainty 

for longer periods in the future. People use this data to plan their leisure activities so, for example, 

avoiding going to the beach when rain is forecast. Most of the population are regular users of 

weather forecasts even to the extent that they become dependent upon it. 

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 reliability. Furthermore, as 

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

to dramatically improve, allowing each citizen a more informed choice whilst protecting their 

health. 
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Figure 1: Summary of Benefits along the Value Chain 
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1 LƴǘǊƻŘǳŎǘƛƻƴ ϧ {ŎƻǇŜ 

1.1 The Context of this study 

The analysis of the case study Air Quality in Latvia ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ΨThe Sentinel 

Economic Benefits StudyΩ ό{Ŝ.{ύΦ ¢Ƙƛǎ ǎǘǳŘȅ ƛǎ ƭƻƻƪƛƴƎ ǘƻ ŘŜǾŜƭƻǇ ŎŀǎŜǎ ǎƘƻǿƛƴƎ Ƙƻǿ 9h-derived 

products based on data generated by one or more Sentinel satellites deliver value to society and 

citizens. The Sentinel ǎŀǘŜƭƭƛǘŜǎ ŦƻǊƳ ŀ ŎǊǳŎƛŀƭ ǇŀǊǘ ƻŦ 9¦Ωǎ Copernicus Programme, providing space-

based observations on a full, free and open basis. Data coming from the Sentinels ς together with 

other data collected by contributing missions and ground, sea or airborne instruments ς is used to 

support key economic or societal areas such as agriculture, insurance, disaster management, 

climate change monitoring, etc. Sentinel data are thus a key component of the Copernicus Services, 

and a crucial source used by companies to deliver products and 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 citizens of Riga in 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 generated and provide guidance of exposure to local citizens. The 

information is made available through a service called airTEXT.  

The core use is by individuals, especially those with health problems, who may decide to adapt their 

behaviour on days where the pollution is high. They can choose to avoid exposure and as a result 

reduce their own risk of becoming ill, requiring urgent treatment or worse an early death.  

This has a number of benefits: 

¶ It allows individuals with health problems to avoid exposure on bad pollution days and 

hence to reduce the risk of adverse health effects. 

¶ It reduces the load on local hospitals for urgent admissions and enables load planning when 

pollution peaks are forecast. 

¶ It allows local businesses and public services to adjust their operations especially where 

children may be concerned. 

¶ It helps local administrators to introduce legislation or procedures which reduce the overall 

pollution levels.  

¶ It raises awareness of the problems associated with air pollution and helps drive political 

action. 

Our case focuses on Riga airTEXT as it is operated in Riga, Latvia but also with reference to London 

where it was first installed, and more data is available in which case, the service is referred to as 

airTEXT to differentiate it. 

http://earsc.org/sebs
http://earsc.org/sebs
https://sentinels.copernicus.eu/web/sentinel/home
https://www.copernicus.eu/en
http://copernicus.eu/main/services
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1.3 How does this case relate to others? 

This case is quite different from others from the perspective of the data used and the way the 

service is generated and used. It differs in the nature of the value chain and the role of the primary 

users - who are fundamental to our analyses. 

From a methodological perspective, 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 difficult. 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 without the problem 

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, in comparison with other cases, the value chain which we use at the core of our 

methodology is quite different in the roles being played and does not result in progressive 

transformations of the information at each of the tiers. Whilst the service (airTEXT) is clear, the 

resulting information is essentially passed directly to citizens. It is enabled by the primary users and 

other stakeholders, but there is no transformation by the primary user and subsequently by other 

secondary beneficiaries. Instead, the service is constructed by the service provider, in line with 

needs expressed by primary 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 same way as the primary 

user.  Consequently, unlike all other cases so far, there is not a visible benefit at each tier. The 

benefits are considered to be societal and derived from statistical trends. 

As a result, the economic benefits have been calculated at a societal level and are not assigned to 

separate tiers of the value chain as in all other cases we have produced. 

In compensation, the non-economic benefits were expected to be clearer and hence the overall 

story would be strong. In reality, neither of these factors has proven too difficult to address, whilst 

the story is certainly very strong and interesting! 

airTEXT has 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 safe for swimming 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 budget available 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 service throughout the value chain. The 

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

the operations of beneficiaries in each subsequent link of the value chain are analysed, all the way 

down to citizens and society. 

In this process, the main aim is to understand and demonstrate the value which is generated using 

satellite-based Earth Observations (EO) and particularly the data coming from the Copernicus 

Sentinel satellites. Each case study thus underlines the causal 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 others.   

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

found that often the non-monetary benefits are strongly under-ŀǇǇǊŜŎƛŀǘŜŘ ŜǾŜƴ ƛŦ Ƴƻǎǘ ǇŜƻǇƭŜΩǎ 

immediate response is to look for hard numbers. The 6 dimensions 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 report5. 

The evaluated and demonstrated benefits can be used by: 

Á Decision makers: Having 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 to direct them towards areas that 

most matter in their country or organisation.  
Á 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 cases. In 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. 

Á Service 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 project, over 25 case studies will be developed with reports to be published 

on each one. The study has started in March 2017 and is foreseen to end in 2023.  

 

 

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

of Earth Observation Data 

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
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2 !ƛǊ vǳŀƭƛǘȅ ƛƴ [ŀǘǾƛŀ 

Clean air is vital for people - 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. Where in a city 

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 city6. 

 

2.1 The Quality of Our Air 

Air pollution and the adverse impacts of poor air quality on our health, has become a major issue 

of concern in recent years. According to the WHO7, 4.2 million people die prematurely each year8 

as a result of exposure to ambient (outdoor) polluted air (and a further 3.2m due to indoor 

pollution). 

According to the World Health Organisation (WHO),  

άAir pollution is contamination of the indoor or outdoor environment by any 

chemical, physical or biological agent that modifies the natural characteristics of 

the atmosphereΦέ7  

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 the air. Today, 

ŀƭƳƻǎǘ рл҈ ƻŦ ǘƘŜ ǿƻǊƭŘǎΩ ǇƻǇǳƭŀǘƛƻƴ ƭƛǾŜ ƛƴ ŎƛǘƛŜǎ ǿƘŜǊŜ ŀƳōƛŜƴǘ ŀƛǊ ŎƻƴŘƛǘƛƻƴǎ ƘŀǾŜ ōŜŜƴ ƎŜǘǘƛƴƎ 

steadily worse as the population increases, transport networks expand, and the economic activity 

grows.  

But air pollution is also caused by events happening outside the cities. Farming causes dust and 

ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ŦŜǊǘƛƭƛǎŜǊǎ ǘƻ ōŜ ǘƘǊƻǿƴ ƛƴǘƻ ǘƘŜ ŀƛǊ ǿƘŜƴŎŜ ǘƘŜ ǿƛƴŘ ōƭƻǿǎ ǘƘƛǎ Ƴŀƴȅ млΩǎ ŀƴŘ 

ǎƻƳŜǘƛƳŜǎ мллΩǎ ŀƴŘ ŜǾŜƴ млллΩǎ ƻŦ ƪƛƭƻƳŜǘŜǊǎΦ {ŀƴŘ ǇŀǊǘƛŎƭŜǎ ōƭƻǿƴ ŦǊƻƳ ŘŜǎŜǊǘ ǊŜƎƛƻƴǎ Ŏŀƴ ōŜ 

transported mŀƴȅ млллΩǎ ƻŦ ƪƛƭƻƳŜǘŜǊǎ ŀǎ ǿŜƭƭ ŀǎ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ǿƛƭŘŦƛǊŜǎΦ !ƭƭ ǘƘŜǎŜ ŀǊŜ ŎƻƴǘǊƛōǳǘƛƴƎ 

to air pollution and worsening air quality mainly in cities but also in rural areas. 

Inhaled by humans, it is shown that these substances are damaging to the environment and to 

human health9. The concentration of these polluting substances varies over time and location and, 

whilst not entirely caused by humans, is strongly affected by human activities. Air pollution is a 

global problem. Figure 2-1 shows average concentration of PM2.5 weighted by population. Whilst 

the greatest levels are found in a band from Northern Africa through the middle east to Asia, the 

levels in Europe and other developed countries is still a cause for concern as is shown by WHO 

 

6 Adapted from the introduction on the Riga City website. 
7 WHO web-site on Air Pollution 
8 https://www.who.int/news -room/fact -sheets/detail/ambient -(outdoor) -air-quality-and-health 
9 Health Impacts of Air Pollution, EEA 

https://www.who.int/health-topics/air-pollution#tab=tab_2
https://www.eea.europa.eu/themes/signals/signals-2013/infographics/health-impacts-of-air-pollution/view
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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 clear from EU efforts to 

introduce tighter limits10. We shall return to this later. 

 

Figure 2-1: Global map of population-weighted average PM2.5 concentrations in 201911. 

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 biodiversity. This pollution pressure can aggravate situations of nitrogen surplus via wa-

ter pollution.  

Three substances are the primary components of air pollution: 

¶ Nitrogen Dioxide emissions are primarily coming from cars and other vehicles. It is a very 

local pollutant arising close to ground level, mostly in cities where urban transport is at its 

most dense. The high population density in cities leads to a high exposure. 

¶ Ozone is formed as a result of road transport burning fossil fuels. Additionally, Ozone is 

formed in the upper atmosphere and hence is significantly driven by meteorological factors. 

¶ Particles (PMI) which arise from many sources both man-made and natural (blown sand, 

volcanoes, wildfires). Anthropogenic sources include vehicles, home and district heating, 

and some industrial processes. PMIΩǎ ŀǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ н ŎŀǘŜƎƻǊƛŜǎΤ ŦƛƴŜ ǇŀǊǘƛŎƭŜǎ taнΦр 

 

10 Proposal for a revision of the Ambient Air Quality Directives. 
11 State of Global Air 2020 

https://environment.ec.europa.eu/publications/revision-eu-ambient-air-quality-legislation_en
https://medsocietiesforclimatehealth.org/reports/state-global-air-2020/
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which are less than 2.5microns in size, and PM10 which are less than 10 microns. A useful 

description of taLΩǎ Ŏŀƴ be found here.  

 

 

Figure 2-2: Percentage of all Global Deaths Attributed to Air Pollutants. 

 

Of the total global deaths each year, around 12% are attributed to the various causes of air pollution 

as shown in Figure 2-2 - taken from the State of Global Air 2020 report11. From this we see that 

particles and especially the fine particles PM2.5, are considered to be the highest risk leading to 7% 

of global deaths each year. For this reason, our analysis is focused on this cause. 

This is further re-enforced by the impact assessment12 made by the EC in relation to the revised 

regulations on air quality10. This states that the 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 secondary product of 

precursor pollutants, namely 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 themselves as an overall 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 also transport, power generation and industry ς see Figure 2-3. 

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


                
 

SeBS-CR-xx Page 20 February 2023 

 

Figure 2-3: Actual and forecast levels of pollutants in the EU (baseline scenario)12 

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 activity. Figure 2-4 

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 level of air pollution in the EU is considered to be too high and measures are being 

considered to tighten limits and reduce the risk even further10. In 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 measure these different particulates and distinguish 

between levels of black carbon and other ultrafine particles. So far, a lack of such data has hindered 

research as to what degree the different particle types cause different health problems. 

Where do the pollutants 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 combustion i.e. from 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 (recast) 

 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=SWD%3A2022%3A545%3AFIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=SWD%3A2022%3A545%3AFIN
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engines. Dust and salt thrown up from the road, brake and tyre wear also cause particles to be 

thrown out. Some industrial processes, such as steel production cause pollution as well as wood 

burning or worse coal burning stoves used for domestic or district 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. 

 

 

Figure 2-4: Trends in EU27 emissions 2005 - 201913. 

All these pollutants cause difficulties and especially cardio and respiratory illnesses in humans as 

we shall discuss in the next chapter. Quantifying and monitoring the effects 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 air pollution is the biggest environmental health risk in Europe.  

άAir pollution is hard to escape, no matter 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 Organization guidelinesέ. 

As seen in Figure 2-1, exposure to 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 important. In recent 

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 on the WHO website dedicated to air pollution. 

Some health effects associated with air pollution are well recognised such as increases in hospital 

admissions and deaths from cardiovascular diseases, respiratory diseases and lung cancer. That 

 

13 https://www.eea.europa.eu/publications/air -quality-in-europe-2021/sources-and-emissions-of-air 

https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/health-impacts/equity-impacts
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those with pre-existing 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 health issues such as neurological disease, difficulties in pregnancy and diabetes.  

The risk to health is driven by both gases and particles. Nitrous oxides and ozone have a neurological 

effect after sustained exposure. Ozone has been shown to affect the respiratory, cardiovascular and 

central nervous system. The offending, airborne particles are classified into two sizes. Firstly, those 

ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ мл ƳƛŎǊƻƳŜǘŜǊǎ όмл ƳƛƭƭƛƻƴǘƘ ƻŦ ŀ ƳŜǘǊŜύ ƻǊ ƭŜǎǎ Ŏŀƴ ŜƴǘŜǊ ŘŜŜǇ ƛƴǎƛŘŜ ŀ ǇŜǊǎƻƴΩǎ 

lungs. But the most health-damaging particles are even smaller. Those with a diameter of 2.5 

micrometers or less ς abbreviated as PM2.5 ς Ŏŀƴ ǇŜƴŜǘǊŀǘŜ ǘƘŜ ƭǳƴƎ ōŀǊǊƛŜǊ ŀƴŘ ŜƴǘŜǊ ŀ ǇŜǊǎƻƴΩǎ 

blood system. These are extremely fine particles: 2.5 micrometers is about one-thirtieth of the 

diameter of a human hair and, as a result of entering the blood stream, cause a wide range of health 

problems in addition to those caused by PM10 damage to the lungs and heart. 

 

 

Figure 2-5: 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 EPA14. Figure 2-5 shows the proportion of the population which is 

affected by air pollution to different degrees of severity. It is drawn from the BenMAP-CE tool which 

 

14 US Environmental Protection Agency Benefits Mapping Programme (BenMAP). 

https://www.epa.gov/benmap/how-benmap-ce-estimates-health-and-economic-effects-air-pollution
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estimates the number and economic value of health impacts resulting from changes in air quality - 

specifically, ground-level ozone and fine particles. 

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

due to ischaemic heart disease (inadequate blood supply) and stroke (rupture of blood vessel in the 

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. For example, 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 smoking. Asthma 

is a major cause of problems as we shall see later. Asthma is caused by particle air pollution as well 

as the more well-known 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 (GBD2019)15 by the Institute for Health 

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 (the scientific publication is usually published in The 

Lancet) and also on their website healthdata.org). The study is conducted every 2 to 3 years and 

the data provides the basis for many deeper, more focused studies including a dedicated analysis 

such as that on air pollution impacts was conducted using data from the 2015 study16. 

Further detailed analysis ōȅ ǘƘŜ IŜŀƭǘƘ 9ŦŦŜŎǘǎ LƴǎǘƛǘǳǘŜ όI9Lύ ŀƭƻƴƎ ǿƛǘƘ LIa9 Ƙŀǎ ƭŜŘ ǘƻ ά¢ƘŜ {ǘŀǘŜ 

ƻŦ Dƭƻōŀƭ !ƛǊέ ǊŜǇƻǊǘ11 published in 2020. As shown in Figure 2-6, 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 disease like obesity (high body-mass index), high cholesterol, and 

malnutrition. 

 

15 The Global Burden of Disease:  https://www.thelancet.com/gbd 
16 https://www.thelancet.com/journals/lancet/article/PIIS0140 -6736(17)30505-6/fulltext  

https://www.epa.gov/ozone-pollution
https://www.epa.gov/pm-pollution
http://www.healthdata.org/


                
 

SeBS-CR-xx Page 24 February 2023 

 

Figure 2-6: Global ranking of risk factors by total numbers of deaths in 201911. 

 

In the discussion above and the analysis that follows in the report, the focus is almost exclusively 

on deaths caused by ambient air pollution with a focus on particles. This follows the 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 society from those who 

die prematurely. According to a study by the 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 as well. Figure 2-7 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 reduced indoor 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 shown in Figure 2-9, but in this case driven by outdoor 

pollution and specifically falling concentrations of particulate matter. The death rate in Europe is 

around 25-30 persons per 100,00 compared to a global figure 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 stringent than those of the WHO. Figure 2-8, taken from the EEA 

annual report on air quality, illustrates this quite clearly. 
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Figure 2-7: Global death rates due to air pollution per 100,000 (Our world in data) 

 

 

Figure 2-8: Urban populations exposed to air pollutants above the guideline limits in 202117. 

 

17 EEA Status of Air Quality in Europe in 2022 

https://ourworldindata.org/grapher/death-rates-from-air-pollution
https://www.eea.europa.eu/publications/status-of-air-quality-in-Europe-2022
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In Latvia, the death rates have also been falling significantly driven largely by the reduction in 

concentration of ambient particulates but also by falling indoor pollution. Today, the rates are 

around 30 persons per 100,000, similar to those across much of the 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: 

ά{ƘƻǊǘ ǘŜǊƳ ŜȄǇƻǎǳǊŜ ǘƻ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊ ƛǎ ƭƛƪely to cause acute health reactions such 

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, 

ƭǳƴƎ ŎŀƴŎŜǊ ŀƴŘ ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘΦέ18 

 

 

Figure 2-9: Death rates in Europe due to air pollution per 100,000 (Our world in data) 

 

¢ƘŜ ƻǾŜǊŀƭƭ ƭƻǎǎ ǘƻ ǎƻŎƛŜǘȅ ƛǎ ƎŜƴŜǊŀƭƭȅ ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ ƻŦ 5![¸Ωǎ ό5ƛǎŀōƛƭƛǘȅ-Adjusted Life-

Years). The 2015 IHME study finds that in 2015, exposure to PM2·5 caused 4·2 million deaths and 

млоϊм Ƴƛƭƭƛƻƴ 5![¸Ωǎ ƛƴ нлмрΦ IƻǿŜǾŜǊΣ ǘƘŜ 5![¸Ωǎ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ǘƘŜ ȅŜŀǊǎ ƭƻǎǘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ 

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 Pollution -2019. 

https://ourworldindata.org/grapher/death-rates-from-air-pollution?country=~European+Union
https://www.who.int/docs/default-source/searo/wsh-och-searo/what-is-air-pollution-2019.pdf?sfvrsn=6dcc13ee_2
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Figure 2-10: Death rates in Latvia due to air pollution per 100,000 people (Our world in data) 

²Ƙƛƭǎǘ ŘŜŀǘƘ ǊŀǘŜǎ ŀƴŘ 5![¸Ωǎ ŀǊŜ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ǎŜǾŜrity of impact of air pollution, the effects 

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 

groups19. Without reproducing 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 brain development may be 

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

ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ƴŜǳǊƻƭƻƎƛŎŀƭ ŘƛǎƻǊŘŜǊǎ ǎǳŎƘ ŀǎ ŘŜƳŜƴǘƛŀΣ !ƭȊƘŜƛƳŜǊΩǎ ŀƴŘ tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜǎΦ 

To be noted also that although most focus is on cities, rural 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 that the 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 requires 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://www.niehs.ni h.gov/health/topics/agents/air -pollution/index.cfm  

https://ourworldindata.org/grapher/death-rates-from-air-pollution?country=~LVA
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make any real impact and it with this perspective that the EU is seeking to introduce the tighter 

limits10. 

To mitigate against the pollution which does exist, the WHO recommend that individuals take all 

available measures to minimize exposure to air pollution20 as 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 considerably and such 

information is also of immense value to those taking decisions on behalf of the community and 

setting policies.  

The WHO currently recommends that a limit of 10ug/m3 is applied 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 

9ǳǊƻǇŜΩǎ ŎƛǘƛŜǎΦ wŜŘǳŎƛƴƎ ǘƻ ƭƻǿŜǊ ƭŜǾŜƭǎ, especially for smaller particles which pass through our 

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 vehicle brake pads? Further research based on information which is currently not available (as 

recognised in the EC legislative proposals10) will be needed to answer this question. 

The WHO is the main organisation 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 encouraging links 

with digital technologies21 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 Air)22 which, as well as providing open information on the air quality, is also 

enabling warning and advice to be given to concerned countries as in a recent warning given to 

Kyrgyz Republic. 

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 quite interrelated. 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 market for these 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 communications can be 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 citizens to follow 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 effects of air pollution. 
21 How Digital technology and Innovation can help protect the planet. 
22 GEMS ɀ Monitoring Air Quality 

https://www.unep.org/news-and-stories/press-release/unep-sounds-alarm-air-quality-kyrgyz-capital
https://www.unep.org/news-and-stories/press-release/unep-sounds-alarm-air-quality-kyrgyz-capital
https://cdn.who.int/media/docs/default-source/searo/wsh-och-searo/preventing-the-harmful-effects-of-air-pollution2019.pdf?sfvrsn=79c97dcd_2
https://www.unep.org/news-and-stories/story/how-digital-technology-and-innovation-can-help-protect-planet
https://www.unep.org/explore-topics/air/what-we-do/monitoring-air-quality#:~:text=The Global Environment Monitoring System,of the world's 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 current view of the situation ς which is already very useful ς but 

also a short-term 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 

ǘƘŜ 9ǳǊƻǇŜŀƴ {ŜƴǘƛƴŜƭ ǎŀǘŜƭƭƛǘŜǎΦ hƴŜ ƻŦ ǘƘŜ ŎƻǊŜ ǎŜǊǾƛŎŜǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ {ŜƴǘƛƴŜƭΩǎ ƛǎ ǘƘŜ 

Copernicus Atmosphere Monitoring Service (CAMS). CAMS provides global and European-scale 

forecasts twice a day on the atmosphere 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 UK cities but is mainly focused on the impact in the city of Riga, capital of Latvia. 

airTEXT is not unique and in places where localized information is not available from a city 

administration, global service providers can supply similar data e.g. IQAir (https://www.iqair.com/), 

however, at a lower spatio-temporal resolution. Nevertheless, the availability of these services 

indicates societal demand and great value in the supplied information that people certainly 

appreciate as indicated by high download numbers (e.g. in the Google Play store). It's worth noting 

that some of these services (e.g. PlumeLabs, https://air.plumelabs.com/) also use CAMS data 

(https://air.plumelabs.com/en/sources). 

 

2.4 The Situation in Riga 

According to an EC report23 prepared by the OECD 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 stroke are 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. 

According 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 and non-ambient 

pollution is a strong cause, so these numbers do not translate into a useful figure for 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: Latvia. Country Health profile 2017.  

https://www.euro.who.int/__data/assets/pdf_file/0009/355986/Health-Profile-Latvia-Eng.pdf
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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 quality24. The pollution was caused by adverse weather conditions that had 

created a dome of warmer air over Riga and prevented vertical mixing of the air columns. With cold 

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

ǇŀǊǘƛŎƭŜǎ ōƭƻǿƴ ŦǊƻƳ ǘƘŜ {ŀƘŀǊŀΣ ǘƘŜ ŀƛǊ ǉǳŀƭƛǘȅ ǿŀǎ ǊŀǘŜŘ ŀǎ άǇƻƻǊέΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ŀƴȅƻƴŜ ǿƛǘƘ 

respiratory difficulties was 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, the city council 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 2025.  

 

Figure 2-11: Number of times the EU PM10 limit 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 acceptable. Day to day measurements are made with 6 in-situ measurement stations; 3 

belonging to the city and 3 to the Meteorological office. These record the actual pollution levels.  

Figure 2-11 shows the number of times that the limit was broken for PM10 at 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. Figure 2-12 shows annual average measurements for PM10 where the limit is 

regularly exceeded in at least one location.  

 

24
  !ƛǊ ǉǳŀƭƛǘȅ ƛƴ wƛƎŀ ƛǎ ŘŜǘŜǊƛƻǊŀǘƛƴƎ π Ŏƛǘȅ ŘǿŜƭƭŜǊǎ ŀǊŜ ōŜƛƴƎ ŀǎƪŜŘ ǘƻ ƭƛƳƛǘ ǘƘŜƛǊ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅ ƻǳǘŘƻƻǊǎ   

 

https://www.delfi.lv/laika-zinas/raksti/riga-pasliktinas-gaisa-kvalitate-pilsetniekus-aicina-ierobezot-fiziskas-aktivitates-ara.d?id=52959907
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Figure 2-12: Annual average at 6 measuring stations relative to the PM10 EU limit (28µg) 

Whilst in the majority of cities, the air pollution is dominated by transport, individual situations do 

differ. in the case of Riga, it is coming from a number of different sources and varies across the 

districts of the city.: 

¶ Transport. As in all cities, transport systems 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.  Riga is considering 

introducing a free transport pass for the days when pollution is expected to be high in order 

to reduce the number of cars on the roads. 

¶ 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 forms of heating system which 

are less polluting and more respectful of the environment. The principal pollution are fine 

and coarse particles. 

¶ The port of Riga where coal is exported and creates large amounts of dust and hence 

airborne particles, when it is moved. The amount of coal to be transferred is being reduced 

and this problem is less evident than was the case a few years ago.  

¶ 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 gone and the roads become dry. 

In addition, particles coming from agriculture practice, ie the turning of the soil and distribution of 

fertilizers are also causing significant levels of air particles as are 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 sources are domestic heating systems and transport. 

Internal combustion engines account for 80-85% of the recorded nitrogen dioxide pollution in 

Riga25. 

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. For ŜȄŀƳǇƭŜΣ ŀ ǎŜŀǎƻƴŀƭ ŦŀŎǘƻǊ ǿƘƛŎƘΣ ŎƻǳǇƭŜŘ ǿƛǘƘ άŜǾŜǊȅŘŀȅέ ƭŜǾŜƭǎ Ŏŀƴ ǇǳǎƘ 

measurements over the limit, is the particles coming from the gritting of roads using sand and or 

salt. Figure 2-13 shows the number of times the limit was exceeded in the last 6 years and when 

this occurred on days when gritting was performed. 

 

 

Figure 2-13: 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 pollution which can help set the city 

policies. In order for vulnerable citizens to react, forecasts are required. This is made possible by 

the service Riga airTEXT which uses data coming from the Copernicus Atmosphere Monitoring 

Service (CAMS) together with detailed modelling of local sources to establish a forecast of up to 3 

days ahead. The dominant sources of air pollutants across Riga in 2019 are shown in Figure 2-14 

and in Figure 2-15. 

 

25 Air Quality in Riga and its Improvement Options; Janis Kleperis et al, Riga Technical University. 
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Figure 2-14: The average concentrations of PM10 pollution in the different Riga districts (left) 

and their primary sources (right). 

 

 

Figure 2-15: The average concentrations of PM2.5 pollution in the different Riga districts (left) 

and their primary sources (right). 

The sources identified are transportaǘƛƻƴ ŀƴŘ ŘƻƳŜǎǘƛŎ ƘŜŀǘƛƴƎ όάŀǇƪǳǊŜέύΦ ¢ƘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ 

cause drives the principal policy measures to be taken in each district. 

The above figures show the average levels of particle air pollution. In Figure 2-16 is shown how 

this varies over time with a 2-year window. The lowering of pollution levels as a result of 


















































































































