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1: Introduction

The Covid-19 pandemic meant that in 2020 and 2021, we all spent a lot of time indoors. We weren’t outdoors 
much, in order to avoid physical contact and to reduce the likelihood of falling ill. Well, these days we are spending 
more time outdoors and with each other again. One of the few benefits of the standstill life was that the air quality 
improved, because there was less traffic on the roads and in the air, as well as less shipping and industrial activity 
in 2020 and 2021. This improvement was relatively great compared to 2019, the year before the pandemic. 
However, air quality can and must keep improving all over the world. The mini-maps below show a clear difference 
in nitrogen dioxide (NO2) levels. But what is the air quality like now? What is a good way to measure the air quality? 
And what can we do to improve it?

Figure 1: Nitrogendioxide (NO2) concentration, yearly average in 2019, 2020 & 2021
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Polluted air makes people ill, so having good air 
quality is important. What is air quality exactly? 
Well, air quality data tells you how polluted the air 
is.

Air is an invisible mixture of several gases. There 
are more than 10 different gases that make up 
the air we breathe, with nitrogen (N2) and oxygen 
(O2) accounting for 99% of this gaseous mixture. 
Air also contains particles such as water vapour, 
carbon dioxide and ozone, with these airborne 
particles having a major impact on life on Earth.

Air-polluting substances are defined as all 
substances in the air that harm the environment 
or people’s health. Most air pollution comes from 
airborne particles that are coarse or fine dust, the 
latter also known as particulate matter (PM).

Another type of air pollutant is gaseous in 
nature. According to research by the RIVM* (the 
Netherlands National Institute of Public Health 
and Environmental Protection), the most common 
gas(eous) air pollutants are nitrous (i.e. nitrogen) 
oxides (NOx) - such as nitrogen dioxide (NO2) and 
ammonia (NH3) – as well as ozone (O3), carbon 
monoxide (CO) and sulphur dioxide (SO2).

Two major contaminants that pollute the air 
are nitrogen dioxide and particulate matter. The 
Health Council of the Netherlands has found 
that about 12,000 people die prematurely in the 
Netherlands each year as the result of particulate 
matter or nitrogen dioxide. It also turns out that 
a relatively large number of children get asthma 
from air pollution; in 2019, it was almost 6,000 in 
the Netherlands alone. Research carried out by the 
University of Hasselt (Belgium) and the University 
of Aberdeen*** (Scotland/UK) has shown that 
traces of air pollution can be found not only in the 
placenta but also in the organs of unborn babies.

2: What is air quality?

Figure 2: Harzardous PM concentrations in Panipat

Haryana, India on November 9th 2022 (Björn Cruijf)
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3: Measuring the quality of the air we breathe

What this all means is that we need to be able 
to measure air quality, not only to improve 
biodiversity but also (and especially) to improve 
our health: before we can improve the quality of 
the air we breathe, we need to know what we 
are faced with. Caeli uses satellite data to map 
out and analyse air quality, which means that 
measurements can be taken at every location. 
Before we can do anything about particulate 
matter and nitrogen levels, we have to carry out a 
baseline measurement. These satellites measure 
nitrogen dioxide and particulate matter in the 
tropospheric column, that is to say in the lowest 
level of the atmosphere. Our nitrogen dioxide data 
is primarily provided by the Tropomi measuring 
instrument that is onboard the Sentinel-5P 
satellite.

However, we also need to know the concentrations 
at ground level so that we know what we are 
breathing in. Well, Caeli has found a solution for 
this too: we have developed a range of algorithms 
- and also apply machine learning - to determine 
these values. Factors such as weather and wind 
data, the total length of motorways within a region, 
the number of stop signs and the characteristics 
of the region in question form the building blocks 
of our algorithms. But there’s a lot more to it than 
that.

We calculate the levels of particulate matter 
at ground level using both multiple variables 
and satellite data gathered from a range of 
satellites. Here too, meteorological factors such 
as temperature, wind and air humidity, as well 
as geological factors such as the presence of 
motorways and factories, are used to deliver 
the most reliable and most accurate data. Other 
important factors in determining these values 
include land surface area and regional features. 

The continual validation of our data using all the 
measuring stations in Europe - which number 
over 7,000! - means we can deliver very reliable 
data about every location within Europe, in both 
urban and rural areas. Our computational models 
are refined and improved using machine learning, 
and use the above factors to determine values 
for nitrogen dioxide and particulate matter, taking 
the ground-level measuring stations as their 
reference point.

Figure: 3: Measurement instrument TROPOMI onboard the 

Sentinel 5P satellite

Figure 4: Influence of wind on the spreading of pollution



AQM Whitepaper

5

4: Air Quality Monitor

Our satellite data and algorithms ensure that 
nitrogen dioxide and particulate matter data can 
be catalogued and analysed all over the world and 
can then be used to deliver accurate data. And it’s 
not just the current situation that is measured - 
this analysis delivers useful knowledge about 
(and for) the future too. What’s more, you can use 
historic data to analyse air quality at any location 
on our planet.

Our comprehensive satellite data is used to 
determine reference points, which are - virtual - 
air quality sensors that are located no more than 
500 metres from each other and which between 
them form a network that covers an entire region. 
This data is then validated by the more than 7,000 
benchmark ground-level measuring stations 
referred to above that are located all over Europe. 
The - virtual - air quality sensors provide accurate 
values for each location in the region, which 
means that the WHO (World Health Organization) 
guidelines can be monitored daily, monthly and 
yearly.

At Caeli, we believe that everyone has the right to 
breathe clean air, which is why we designed the 
Air Quality Monitor, which allows us to analyse 
the quality of this air. This Air Quality Monitor can 
provide useful information about the air quality in 
your region, including accurate data on nitrogen 
dioxide and particulate matter levels, down to a 

Figure 5: All locations of all Virtual Air Quality Sensors across 
The Netherlands.

Figure 6: All locations of all Virtual Air Quality Sensors across 
the province of Utrecht

Figure : Example of active Air Quality Sensors in the province 
of Utrecht.
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Caeli is tackling two of the greatest challenges 
in the world, which are air pollution and climate 
change. We are helping to build bridges between 
the worlds of science, modern technology 
and the world’s population, in order to move 
towards a world of cleaner air and healthier living 
environments. We do this by making satellite data 
accessible, understandable and useful.

Like to know more about what we do for you in 
the battle against air pollution? Then please get in 
touch with us at marketing@caeli.nl.

* Luchtverontreinigende stoffen deeltjes- 
en gasvormig. (z.d.). RIVM. https://www.
rivm.nl/ggd-richtlijn-medische-milieukunde-
luchtkwaliteit-en-gezondheid/blootstell ing-
aan-luchtverontreiniging/stoffen-deeltjes-en-
gasvormig

** Gaalen, E. van. (2022, 24 maart). Bijna 
miljoen longpatiënten hebben klachten door 
luchtvervuiling. Het Parool. https://www.parool.
nl/nederland/bijna-miljoen-longpatienten-hebben-
klachten-door-luchtvervuiling~b9672665/

*** Bongaerts, E. (2022, 1 oktober). Maternal 
exposure to ambient black carbon particles and 
their presence in maternal and fetal circulation and 
organs: an analysis of two independent population-
based observational studies. The Lancet Planetary 
Health. https://www.thelancet.com/journals/
lanplh/article/PIIS2542-5196(22)00200-5/fulltext

ESA, Sentinel-5P operations. https://www.esa.
int/Enabling_Support/Operations/Sentinel-5P_
operations
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