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Sammanfattning 

Att förutsäga prestandan hos ett elektro-optiskt sensorsystem (EO-system) kräver att man tar 

hänsyn till bland annat förhållandet i atmosfären. Möjligheten att använda väderdata från satelliter 

istället för mark- och flygstationer har undersökts. Det hittades nästan 170 satelliter (cirka 10% av 

de fungerande satelliterna i omloppsbana) med inriktning på atmosfär- och väderövervakning. En 

metod för att välja ut satellitdata har skapats som baseras på tre kriterier: (1) satelliten ska ha minst 

ett instrument som mäter en väderparameter för EO-system, (2) man ska, från internet, kunna ladda 

ner mätdata från det specifika instrumentet och (3) satelliten ska passera över ett område som är 

av intresse för en potentiell användare. Den prestandaegenskap som har undersökts är räckvidden, 

som påverkas av flera väderparametrar, där fokus har legat på inverkan från aerosoler. Medelvärdet 

för extinktionskoefficienten av aerosoler, för dag och natt i december 2016, från satelliten 

CALIPSO’s lidarinstrument Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) 

laddades ner från www.earthdata.nasa.gov och användes i en nyutvecklad applikation för att 

förutsäga räckvidden hos ett EO-system. Från satellitens mätningar i december 2016 kunde man 

se att förekomsten av aerosoler mestadels befann sig, globalt sett, uppdelat i olika lager under 5 

km höjd och att koncentrationen av aerosoler är högre på natten i lokala områden. Applikationens 

beräkningar visade att förekomsten av aerosoler påverkade räckvidden för exempel 

våglängdsbandet 0.9–2.5 µm med en försämring upp till 87% när EO-systemet befann sig i ett 

skikt av aerosoler. Applikationen för att förutsäga räckvidden hos EO-system är i dess begynnelse 

och kräver vidareutveckling av både väder- och scenparametrar för att det ska bli ett framgångsrikt 

verktyg. 
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Abstract 

To predict the performance of an electro-optical sensor system (EO-system) requires taking the 

weather situation  into consideration. The possibility to use weather data from satellites instead of 

ground – and flight stations has been investigated. Nearly 170 satellites (about 10% of the 

functional satellites in orbit) were found to have atmosphere and weather monitoring. A method 

to select satellite data has been created based on three criteria: (1) the satellite should have a least 

one payload that measure a weather parameter for EO-system, (2) it should be possible to 

download data, free of charge, from the specified payload and (3) the satellite should cover 

geographical areas of interest for a potential user. The investigated performance property is the 

range, which is affected by many weather parameters, and focus has been on aerosols. The mean 

value for the aerosol extinction coefficient, for day- and nighttime conditions in December 2016, 

from the satellite CALIPSO’s lidar instrument Cloud-Aerosol Lidar with Orthogonal Polarization 

(CALIOP) has been downloaded from www.earthdata.nasa.gov and implemented in a new 

developed application to predict the range for an EO-system. In the satellite data, from December 

2016, it could be seen that the presence of aerosols, on a global scale, appears below 5 km and that 

the concentration of aerosols for nighttime condition is higher in local areas. For the test 

wavelength band of 0.9–2.5 µm, the application showed that the aerosol impact reduced the range 

by nearly 87%, if the EO-system was in a layer with aerosols. The application for the range 

prediction of EO-systems is on an early stage and need further development, especially its weather 

and scene parameters, to become a successful tool for a potential user in the future. 

 

 

Keywords: EO-systems, Aerosols, Extinction coefficient, Satellite data, CALIPSO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.earthdata.nasa.gov/


viii 

 

  



ix 

Förord 

Gränslandet mellan fysik och militärteknik har länge varit av intresse för mig. Det har varit en 

förmån att genom ett examensarbete på Totalförsvarets forskningsinstitut få ägna tid till att 

utveckla den tekniska kompetensen inom försvaret i Sverige. Intresset för astronomi har kommit 

väl till pass när jag nu fördjupat mig i vilka satelliter som har kunnat vara användbara till syftet för 

examensarbetet. Syftet har inte varit att blicka utåt i universum för att studera avlägsna galaxer 

utan blicken har varit riktad nedåt för att studera jordens atmosfär och hur den påverkar teknisk 

utrustning.  

 

Jag riktar stor tacksamhet till er som tagit er tid att hjälpa mig slutföra min mastersutbildning i 

fysik och nanovetenskap.  

Donatella Puglisi, för goda råd och stöd. Mina handledare Ove Gustafsson och Marius Rodner 

för all hjälp. Pontus Wikståhl som har opponerat på rapporten. Pontus Södergren, min pojkvän och 

pappa till min dotter, som har stöttat och gett mig glädje när det varit som kämpigast. Min familj, 

som trott på min förmåga. Tack alla! 

 

Linköping i september 2018 

 

 

Cecilia Gullström 

 

 

 

Acknowledgement 

The cross section between physics and military technology have been of my interest for a long 

time. It has been a great privilege to study this field by doing the master thesis at the Swedish 

Defence Research Agency and develop the technological capacity for the Swedish Armed Forces. 

My interest in astronomy has been well suited for the study of satellites which has been useful for 

the master thesis. The purpose of the master thesis is not to look out in the universe and study some 

distant galaxies, but instead use satellites to study how the atmosphere on our planet Earth impact 

on technical equipment.  

 

I would like to say thanks to all of you who took your time to help and supported me to complete 

my master’s degree in physics and nanoscience.  

Donatella Puglisi, for good advice and support. My supervisors Ove Gustafsson and Marius 

Rodner for all help. Pontus Wikståhl who has opposed the report. Pontus Södergren, my love and 

father to my daughter, who always been there for me and supported me at all time. My family that 

believed in my ability. Thank you all! 

 

Linköping in September 2018 

 

 

Cecilia Gullström 

  



x 

  



xi 

Table of Contents 
1. INTRODUCTION ...............................................................................................................................................1 

1.1 PROBLEM DESCRIPTION FOR THE MASTER THESIS ...............................................................................................3 
1.1.1 Purpose ........................................................................................................................................................4 
1.1.2 Limitations ...................................................................................................................................................4 

2. THEORY: EO-SYSTEM ...................................................................................................................................5 

2.1 ATTENUATION OF RADIATION IN THE ATMOSPHERE ............................................................................................6 
2.1.1 Absorption ....................................................................................................................................................7 
2.1.2 Rayleigh Scattering ......................................................................................................................................7 
2.1.3 Mie Scattering ..............................................................................................................................................7 
2.1.4 Extinction Coefficient for Infrared Radiation ..............................................................................................8 

2.2 PASSIVE EO-SYSTEM ............................................................................................................................................8 
2.3 ACTIVE EO-SYSTEM .............................................................................................................................................9 
2.4 SCENE PARAMETERS .......................................................................................................................................... 10 

2.4.1 VIS Contrast ............................................................................................................................................... 11 
2.4.2 IR Contrast ................................................................................................................................................. 11 

2.5 WEATHER PARAMETERS .................................................................................................................................... 11 
2.5.1 Aerosols...................................................................................................................................................... 12 
2.5.2 Particle Sizes .............................................................................................................................................. 12 

2.6 PERFORMANCE OF EO-SYSTEMS ........................................................................................................................ 13 

3. THEORY: SATELLITE .................................................................................................................................. 15 

4. METHOD: SELECTION OF SATELLITE DATA ....................................................................................... 19 

4.1 CALIPSO .......................................................................................................................................................... 21 
4.1.1 Instrumental Detail .................................................................................................................................... 22 

4.3 DESCRIPTION OF THE SATELLITE DATA .............................................................................................................. 23 
4.3.1 Algorithm for the Extinction at L3 ............................................................................................................. 25 
4.3.2 Algorithm for the Extinction at L2 ............................................................................................................. 26 

4.4 ERRORS IN THE SATELLITE DATA ....................................................................................................................... 27 

5. RESULTS .......................................................................................................................................................... 29 

5.1 SATELLITE DATA................................................................................................................................................ 29 
5.1.1 Results from a Local Area .......................................................................................................................... 34 

5.2 APPLICATION...................................................................................................................................................... 37 
5.2.1 Calculation of the Range ............................................................................................................................ 39 
5.2.2 Application in Action ................................................................................................................................. 40 
5.2.3 Four Cases of Range Estimation ................................................................................................................ 43 

6. DISCUSSION .................................................................................................................................................... 45 

7. CONCLUSIONS ............................................................................................................................................... 47 

8. FUTURE RESEARCH ..................................................................................................................................... 49 

9. REFERENCES .................................................................................................................................................. 51 

10. APPENDIX A ................................................................................................................................................ 55 

11. APPENDIX B ................................................................................................................................................ 57 

12. APPENDIX C ................................................................................................................................................ 61 

13. APPENDIX D ................................................................................................................................................ 65 

14. APPENDIX E ................................................................................................................................................ 71 

15. APPENDIX F ................................................................................................................................................ 77 

 

  



xii 

  



1 

1. Introduction 

Electro-Optical sensor systems (EO-systems) are, today, widely used in military applications 

[1]. One example of an EO-system is a camera, when taking a picture, the atmosphere and the 

environment will have impact on the resulting image. What type of impact is it and can it be 

predicted by satellite measurements?  

 

EO-systems collect reflected and/or emitted light from objects in the environment to produce a 

signal, an image or a movie. When radiation propagates in vacuum the radiation path is said to 

not be affected, but when radiation propagates in Earth’s atmosphere, the atmosphere will cause 

an impact on the radiation depending on the current properties of the atmosphere. For that 

reason, the atmospheric impact on the performance of EO-systems cannot be ignored and the 

knowledge of how the EO-systems work in their operational environment is highly valued [2]. 

Some well-known EO-systems are cameras, lasers and IR-cameras which operate with 

wavelengths from 0.1 to 100 µm [3]. 

 

Studies of how radiation propagates have been done for a long time with some important turning 

points in history. Isaac Newton discovered that white light consists of all colours in the rainbow 

spectrum. James Maxwell proposed that light is an electromagnetic wave phenomenon. Max 

Planck developed the radiation law for black bodies which gives the relation between spectral 

radiance, temperature and wavelength. Later, Einstein contributed with the knowledge of 

radiation by the photoelectric effect. Studies are still ongoing and models of how radiation 

propagates in the atmosphere can today be found in programs such as MODerate resolution 

atmospheric TRANsmission (MODTRAN) and Advanced Earth Modeling for Imaging and 

Scene Simulation (MATISSE) [2], [4]. But it is shown that the aerosol extinction model in 

MODTRAN underestimates the aerosols impact for Swedish weather conditions. A 

Scandinavian model, called NORdisk Aerosol Modell (NORAM), has been developed by the 

Swedish Defence Research Agency (FOI) to have a more qualitative model for the aerosol 

impact on radiation [5].  

 

The first satellite that completed one orbit around Earth was Sputnik, launched in 1957 by the 

Soviet Union. Artificial satellites have become important for technical development and the 

number of artificial satellites increased dramatically in the 20th century. Figure 1 shows a 

computer-generated image of tracked objects, by NASA, that for the moment orbiting Earth.  

 
Figure 1: The picture shows a computer-generated image of all orbiting objects that are tracked by NASA’s Orbital Debris 

Program Office. One black dot represents one artificial satellite or object orbiting Earth (not in scale). However, only 5% 

(1738) of the tracked objects are artificial satellites that works [6]–[8]. 
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Figure 2: The figure shows an overview of the global space capacity. Blue countries have space capacity. Orange countries 

got space capacity after 2014 and the grey countries do not have the space capacity, yet [9]. 

Space science pushes the limit of technology forward and since the first launch many more 

countries have developed a space capacity. In Figure 2 a geographical map shows which 

countries that today have the space capacity to build and administrate a satellite [9]. A satellite 

often has a purpose and special designed payloads to do measurements, transmit signals, 

observing the activity on Earth etc. A purpose for a satellite can be to study space without the 

impact of the atmosphere (astronomy), study the climate change on Earth, collect data to do 

weather forecasts, transmit TV- and communication signals, produce data for the global 

position system (GPS) etc.  

 

The countries with space capacity have a so-called space program that they follow, the success 

factor of the space program can be illustrated as the number of active satellites. In Figure 3, the 

leading countries in total number of active satellites are shown, the countries included in Europe 

are specified in Appendix A. 

Figure 3: The figure shows the leading countries with satellites divided up on the years 2005, 2010, 2014 and 2017. The 

number of active satellites for each country can be read in the staples, were the blue field stands for civil satellites and 

the orange field stands for military satellites [9]. 
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Figure 4: The diagram shows the number of objects in space since the first satellite Sputnik was launched in 1957. The debris 

(red) are unfunctional objects, tracked down to a size of 10x10 cm. Rocked Bodies (dark yellow) are objects which have 

released their payload and are planned to fall back to Earth. Payloads (green) are the satellites that have been launched into 

space. Diagram: Ola Rasmusson, FOI SpaceLab . 

The growth of artificial satellites that orbits Earth increase every year. Figure 4 shows the 

increasing profile of objects that orbits Earth since 1957 until today. The objects are 

categorized as satellites (payloads), rocked bodies and debris. Payloads are attached objects or 

instruments on a technical construction (satellite or a rocked body). Where the purpose of the 

technical construction is based on the function of the payload, observe that a technical 

construction can have more than one payload. Rocket bodies are objects that are planned to 

fall back down on Earth. Debris is unfunctional objects, tracked down to a size of 10x10 cm. 

In Figure 4 we can specially see that the number of debris (red area) have a high growing rate 

and is expected to be a problem in the future [9]. 

1.1 Problem Description for the Master Thesis 

Satellite data are commonly used to enhance weather forecasts and climate change models, but 

it is not widely investigated how satellite data can be used to predict the performance of EO-

systems. Since satellites and their payloads produce a huge amount of data, it is problematic to 

select and investigate which satellite data to analyse [10], [11]. Measurements of parameters 

for existing models of the EO-system prediction are mostly done from ground-based stations, 

balloons, airplanes and boats [12], [13]. Some parts of the prediction models for the weather 

impact on EO-systems are well described such as the knowledge of how radiation propagates 

through a cloudy sky and the visibility through clouds [1]. However, prediction models for 

turbulence, local variation in temperature and humidity close to the ground are still on their 

development stage. Especially prediction of the  aerosol- and ozone impact on the EO-system 

performance is not fully developed [1].  

 

This in turn leads to the following question: 

 

Is it possible to use weather data from satellites, that is or have been in orbit, to predict the 

performance when operating with EO-systems on Earth?  
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1.1.1 Purpose 

The purposes of this master thesis are to identify and use a satellite database and/or bases that 

are useful for the prediction of EO-systems performance and to develop an application that 

visualizes the information from the satellite database and/or bases which relate satellite data 

and the EO-system performance in the atmosphere.  

1.1.2 Limitations 

According to United Nation Office of Outer Space Affairs (UNOOSA) there are 4635 

satellites currently orbiting Earth but only 1738 of them are active and working [8]. By the 

Observing Systems Capability Analysis and Review Tool (OSCAR) there are today around 

170 active satellites for weather purposes [14]. Only a few of the weather satellites will be 

studied in this thesis, see Section 4, and data from one satellite will be studied in more detail 

due to the large amount of data that one satellite can produce. The access to satellite data 

varies and only open access information from internet will be used. 

 

In this thesis the operational environment for the EO-systems is limited to a height of 15 km 

due to the operational height of aircrafts, see Figure 5. The height limit includes the 

troposphere (0 km to around 8 km) and the tropopause (around 8-14.5 km) which change 

height depending on the time of the year and place on Earth [15].  

 

 
Figure 5: The figure illustrates the different parts of the atmosphere (not in scale) [15]. In this thesis the height limit for the 

operational EO-systems is from the sea-level (0 km) to 15 km. The appearance of satellites in the atmosphere is related to the 

lowest orbit a satellite can propagate, today, without falling back on Earth a satellite orbit can cover the exosphere region. 
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2. Theory: EO-system 

An EO-system can simply be described to contain three components: a source of radiation, a 

detector and a propagation medium. EO-systems can either collect or send out radiation in the 

operational spectrum, ranging from 0.1 to 100 µm which is in the region of ultraviolet (UV), 

visible (VIS) and infrared (IR) radiation. The UV region goes from 0.1 µm to 0.4 µm. The 

VIS region is divided in a colour spectrum from blue to red and goes from 0.4 to 0.7 µm. The 

IR spectrum can be divided up into five regions depending on the effect from the atmospheric 

attenuation properties. In this thesis the near infrared (NIR) goes from 0.7 to 1.5 µm, short 

wave infrared (SWIR) from 0.9 to 2.5 µm, mid wave infrared (MWIR) from 3 to 5 µm, long 

wave infrared (LWIR) from 8-14 µm and far infrared (FIR) from 14 µm to 100 µm. The 

thermal infrared radiation (TIR) utilizing the internal emittance from an object and cover the 

region from 3 to 15 µm [3]. The regions are called atmospheric windows and are illustrated in 

Figure 6 and Figure 7. 

 

 
Figure 6: The EO-system spectrum with the regions for propagation of radiation in Earth atmosphere, called atmospheric 

windows . 

Due to the quality development of the detector system, one of the limiting factor for all 

systems tend to be the propagation medium [16]. The propagation medium is the atmosphere 

which has a high attenuation effect on the radiation in the EO-system spectrum below 0.2 µm, 

between 2.5-3 µm, 5-8 µm and above 20 µm, which can be seen in Figure 7 with the so-called 

atmospheric windows [17]–[19]. 

 
Figure 7: The absorption spectrum shows absorption bands (dark blue) and transmission windows (light blue), called 

atmospheric windows, through 1 km atmosphere at 10 meters above the ground. The dominant molecules that causing the 

attenuation for respective absorption band is illustrated in the figure, which is oxygen (𝑂2), ozone (𝑂3), carbon dioxide (𝐶𝑂2) 

and water vapor (𝐻2𝑂) [19]. 
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The atmospheric windows appear due to the absorption properties of the gas composition in 

the atmosphere. The interaction between an electromagnetic wave and a molecule in the 

atmosphere cause absorption or scattering of the electromagnetic wave. A molecule with a 

dipole moment (oxygen, ozone, water or carbon dioxide) that is in a lower energy state goes 

to a higher energy state by absorption of an electromagnetic wave. The dipole moment, 

rotation and vibration properties of the molecules in the atmosphere causing the atmospheric 

windows [20].  

2.1 Attenuation of Radiation in the Atmosphere 

When an electromagnetic wave propagates in the atmosphere, the atmosphere attenuates the 

radiation by absorption, scattering and change of refractive index (for example turbulence) 

[2], [5], [17], [21]. Changing of the refractive index (refraction and turbulence) will not be 

studied in this thesis, instead the focus will be on the scattering and absorption properties, 

which have a large impact on the radiation path [5]. The intensity flux of the electromagnetic 

wave decreases when it propagates through a medium and the medium is said to attenuate the 

electromagnetic wave. The attenuation can be described by Beer’s law: 

 

 𝑃 = 𝑃0𝑒−𝜏𝑂𝐷 (1) 

 

Where 𝑃  is the detected electromagnetic effect, 𝑃0 is the initial electromagnetic effect from the 

source and 𝜏𝑂𝐷 is the optical depth. Where the extinction coefficient is integrated over the 

distance 𝑟, between the source and the detection, describes the optical depth: 

 

 
𝜏𝑂𝐷 = ∫ 𝜎(𝜆, 𝑟) 𝑑𝑟

𝑟

0

 (2) 

 

 For a homogeneous distance in the atmosphere, the optical depth can be approximated to be 

𝜏𝑂𝐷 = 𝜎 ∙ 𝑟 [21]. The transmission through a homogeneous atmosphere by a monochromatic 

beam can be described by taking the ratio between the detected radiation effect and the initial 

radiation effect, giving us the transmission equation [2], [5]: 

 

 𝑇 = 𝑃/𝑃0 (3) 

 

 𝑇(𝜆, 𝑟) = exp(−𝜎(𝜆, 𝑟) ∙ 𝑟) (4) 

 

Where 𝑇 is the transmission, 𝑟 is the distance [km] from the emitting source to a detector and 

the attenuation properties are described by the extinction coefficient 𝜎(𝜆, 𝑟) [1/km], that 

depends on the wavelength and the distance [2], [16]. To have a successful model that 

describes the transmission and the optical depth, the extinction coefficient needs to be studied 

more carefully. The extinction coefficient can be described as: 

 

 𝜎(𝜆, 𝑥) = 𝛼𝑚(𝜆, 𝑥) + 𝛽𝑚(𝜆, 𝑥) + 𝛼𝑎(𝜆, 𝑥) + 𝛽𝑎(𝜆, 𝑥) (5) 

 

Where 𝑥 is the location, 𝛼 is the absorption coefficient, 𝛽 is the scattering coefficient, 𝑚 is the 

molecules and 𝑎 is the aerosols [2].  
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2.1.1 Absorption 

Absorption is a process where an atom or a molecule takes up the energy from an 

electromagnetic wave and transforms it to thermal heat or brings the electron in an atom or a 

molecule to a higher energy state. Absorption by a molecule results in vibrations, rotation or 

electron excitation [18]. The shape, geometry and mass of a molecule and molecules results in 

absorption bands. Water, carbon dioxide and ozone have the highest influence on IR-radiation 

and causes the atmospheric windows. Other molecules that causing absorption in the EO-

spectrum are methane (𝐶𝐻4) and nitrous oxide (𝑁2𝑂) [2]. Water droplets of different sizes 

such as, rain, snow, fog, mist and hail contribute to the absorption properties of the radiation 

in the EO-spectrum in the atmosphere. 

 

2.1.2 Rayleigh Scattering 

Mie scattering is the general theory for electromagnetic radiation scattering by a particle. When 

the particle is smaller than the wavelength the scattering is described by Rayleigh scattering 

and when the particle is larger than the wavelength the scattering is described by geometrical 

optical scattering [22]. Rayleigh scattering is the elastic scattering of an electromagnetic wave 

by a particle that is much smaller than the wavelength of the incoming radiation. The volume 

scattering coefficient for molecules in the atmosphere is described by [23]: 

 

 
𝛽𝑚 =

8𝜋3

3

(𝑛𝑠
2 − 1)2𝑁

𝜆4𝑁𝑠
2

(
6 + 3𝜌𝑛

6 − 7𝜌𝑛
) (6) 

 

Where 𝑛𝑠 is the refractive index for dry air with 360 ppm of 𝐶𝑂2, 𝑁 is the number density at 

any atmospheric pressure and temperature, 𝜌𝑛 is the depolarisation factor, 𝜆 is the wavelength 

and 𝑁𝑠 is the molecular density. The last factor, (
6+3𝜌𝑛

6−7𝜌𝑛
), is called F(air), the depolarisation 

term or the King factor [23]–[25].  

 

2.1.3 Mie Scattering 

The scattering of aerosols, 𝛽𝑎(𝜆, 𝑥), needs to be described in a different way since the size of 

aerosol particles are 100-10000 times larger than molecules in the atmosphere, see Section 

2.5.2 [18]. This can be done by Mie Theory or so-called Mie scattering. In the Mie scattering, 

the particles are approximated to be spherical and have a diameter of the same size as the 

incoming wavelength. The spherical particles are assumed to be separated from each other 

and the scattering of one particle is not affected by the scattering of any other particle. The 

theory was based for spherical particles of colloidal gold particles, but the theory is successful 

even for droplets and other spherical particles [16], [22]. The theory gives the relation 

between the incoming energy that scatter against the cross section of the particle, called the 

extinction factor 𝑄𝐸. The extinction factor depends on the radius of the particle, the refractive 

index of the particle and the surrounding medium [22].  
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2.1.4 Extinction Coefficient for Infrared Radiation 

It is difficult to describe scattering and absorption of aerosol due to the surrounding properties 

of the atmosphere, especially for IR radiation. Nilsson [26] and Kaurila et al [27] developed a 

model to relate the aerosol extinction coefficient for IR radiation. This model was based on 

measurements from two places in Sweden at a height of 2-5 meter above the ground. [26]. 

The aerosol extinction coefficient, 𝜎𝑎(𝜆, 𝑥) = 𝛼𝑎(𝜆, 𝑥) + 𝛽𝑎(𝜆, 𝑥),  for the IR-radiation is 

related to the aerosol extinction coefficient for an optical wavelength by an IR-factor, called 

𝑅𝐼𝑅

𝑉

: 

 

 𝜎𝑎(𝜆, 𝑥) = 𝜎𝑎(𝜆) = 𝑅𝐼𝑅
𝑉

(𝜆) ∙ 𝜎𝑉 (7) 

 

Where 𝜎𝑎(𝜆) is the aerosol extinction coefficient for an IR-wavelength (0.7-14 µm) and 𝜎𝑉 is 

the extinction coefficient for the optical wavelength at 0.55 µm. The optical wavelength of 0.55 

µm is due to the operational wavelength of the transmissometer, Optical Link in the Atmosphere 

(OLA). The IR-factor has been found to depend on the wavelength, temperature, pressure, size 

distribution and optical properties of aerosols by the model [26]: 

 

 𝑅𝐼𝑅
𝑉

(𝜆) = 𝑅𝑉
𝑖𝑘(𝜎𝑉, 𝑝) = 𝑅𝑉0

𝑖𝑘 + 𝑎𝑖𝑘𝜎𝑉 + 𝑏𝑖𝑘(𝑝 − 𝑝0) (8) 

 

Where 𝑅𝑉0
𝑖𝑘  is a constant depending on the wavelength band (𝑖) and the temperature class 

(𝑘), 𝑎𝑖𝑘 and 𝑏𝑖𝑘 are coefficients which depend on 𝑖 and 𝑘, 𝜎𝑉 is the aerosol extinction 

coefficient at 0.55 µm, 𝑝 is the pressure [hPa] and 𝑝0 is the normal air pressure at 1013.25 

hPa. The constant and coefficients values can be found in Appendix B. 

 

2.2 Passive EO-system 

An EO-system can either be passive or active. Passive EO-systems collects light from natural 

light sources but does not send out any radiation itself. The system consists of a scene with a 

target object and a background, a medium where the electromagnetic wave propagates, a 

detector with optics and filters, signal processing and an observer at a monitor. A passive EO-

system can be a camera for VIS and/or IR radiation and interception of signals. The effect that 

hits the detector is described by the atmospheric transmission which is limited by Beers law 

[3].  

 
Figure 8: Illustration of a passive EO-system, where the propagation medium for the radiation is the atmosphere [3].  
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2.3 Active EO-system 

An active EO-system is equal to a passive EO-system except that it has an illumination source  

to enhance the reflected radiation from a target region in the scene. The radiation from the 

illumination source can simply be described to propagate two times through the medium. 

Visual and IR cameras with flash light and lasers for example range detection are examples of 

active EO-systems [3]. 

 
Figure 9: Illustration of an active EO-system, where the propagation medium for the radiation is the atmosphere  [3]. 

The effect, 𝑃𝑚, from the radiation that hits the detector can be described by the equation [3]:  

 

 
𝑃𝑚 = 𝑃s𝜂s

𝐴Δ

𝜋 (
𝜙𝑟
2 )

2

𝐴𝑚

𝑟2
𝜂𝑚𝜂𝐴

2  
(9) 

 

Where 𝑃𝑠 is the effect from the source [Watt], 𝜂𝑠 is the transmission in transmittance optics 

(system parameter), 𝜂𝑚 is the transmission in detection optics (system parameter), 𝜙  is the 

divergence of light ray from the source [rad], 𝑟 is distance from the transmitter to the target 

[𝑚], 𝐴Δ is the area of the incoming radiation on the target [𝑚2], 𝐴𝑚 is the area of detector [𝑚2] 

and 𝜂𝐴 is the atmospheric transmission. 

 

With the illumination source two cases for the target area 𝐴Δ can occur: 

 

1. When the target area is smaller than the cross section of the light ray: 

 

 
𝐴Δ = 𝐴𝑡

𝜌0 cos 𝜃

𝜋
 (10) 

 

2. When the target area is larger than the cross section of the light ray: 

 

 
𝐴Δ = 𝐴𝑟

𝜌0 cos 𝜃

𝜋
 (11) 

 

Where 𝐴𝑡 is the area of the target, 𝐴𝑟 is the cross section of the light ray at the target, 𝜃 is the 

angle of incidence to the normal of the surface and 𝜌0 is the reflection factor of the surface 

[3].  

 

The largest impact on the detection effect, with this model for active EO-systems, are by the 

atmospheric transmission because of the quadratic property and the distance 𝑟. Another 

important parameter to be taken into consideration for the detection effect is the reflective 

properties of the target surface [17].  
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2.4 Scene Parameters 

All EO-systems utilize the reflection and/or the emittance of electromagnetic radiation from 

objects in the scene to form a signal, an image and/or a movie. The ability to distinguish an 

object from the background in the scene is called contrast. The contrast can be measured in 

reflectance, temperature, noise, colour intensity etc. To see and resolve an object from the 

background  the contrast required to exceed the threshold value for the naked eye. The 

minimum contrast, that can be seen by the human naked eye, can be estimated by the Contrast 

Threshold Function (CTF), see Figure 10, depending on the present luminance and the spatial 

frequency [28], [29]. The figure is derived from the Contrast Sensitivity Function [30], [31].  

 
Figure 10: The figure shows the contrast threshold function for five different luminance values. The spatial frequency tells 

the observer how large objects that can be observed at the luminance condition. Small objects (high spatial frequency) 

require a higher luminance and can’t be seen when it’s too dark. The red horizontal line marks the minimum contrast of 2%.   

The spatial frequency is measured in cycles per degrees as a bar pattern, see Figure 11. One 

cycle is two lines, often one black and one white line. In this thesis one cycle is referred as  a 

standard object. Generally, independent of the present luminance, the minimum contrast is set 

to 2%, called the Minimum Resolvable Contrast (MRC) [5], [29]. In this thesis the MRC is 

called the contrast condition. 

 

 

Figure 11: The figure shows a bar pattern to measure the contrast capability for the human eye or optics. The left figure 

illustrates one cycle per degree and the right figure shows two cycles per degree. One cycle is one white area and one black 

area.  
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2.4.1 VIS Contrast 

The contrast of visible radiation relies on the difference of reflectance (albedo) between two 

surfaces (standard object). The difference of luminance between the two surfaces is 

 

 Δ𝐿 = 𝐿𝑡 − 𝐿𝑏 (12) 

 

Where 𝐿𝑡 is the luminance of the target [𝑐𝑑/𝑚2] and 𝐿𝑏 is the luminance of the background 

[𝑐𝑑/𝑚2]. The luminance from a surface depends on the angle of detection to the surface and 

the presence of illumination sources (sun shine, moon shine, streetlights etc). The contrast ratio, 

𝐶, can be calculated in relation to the background luminance, also called the Weber contrast 

[28]. 

 
𝐶 =

Δ𝐿

𝐿𝑏
 (13) 

 

When 𝐶 = 0.02 the object can be resolved from the background by the naked eye and the 

minimum contrast is fulfilled. The contrast between two pixels or for a standard object, is 

called local contrast. However, real objects tend to have parts with different reflectance and 

the object is then said to have a specific signature. The local contrast can be used for detection 

but for recognition and identification the signature needs to be set in relation to the general 

background [28]. 

 

2.4.2 IR Contrast 

The contrast of infrared radiation relies on the difference of temperature (heat energy) between 

two surfaces (standard object) or between the target and the background. The apparent radiance 

contrast can be described by ∆𝐸𝑎𝑝: 

 

 
∆𝐸𝑎𝑝 = ∫ 𝜏𝑎(𝜆, 𝑟)[𝐸(𝜆, 𝑇𝑡) − 𝐸(𝜆, 𝑇𝑏)]𝑑𝜆

 

𝜆0

 (14) 

 

Where 𝜆 is the wavelength, 𝑇𝑡 is the target temperature, 𝑇𝑏 is the background temperature and 

𝜏𝑎(𝜆, 𝑟) is the atmospheric transmission described by Beer’s law [32]. The minimum contrast 

for detection is also set to a difference of 2% for a standard object, called the Minimum 

Resolvable Temperature Difference (MRTD) [29].  

 

2.5 Weather Parameters 

In this thesis the propagation medium for the electromagnetic radiation is the atmosphere. The 

attenuation of the radiation depends on the current properties of the atmosphere and is described 

by the extinction coefficient, 𝜎. The absorption and scattering models give important 

information on what types of parameters that are important for the attenuation properties. 

Important weather parameters for the EO-system performance based on equation 6 (Rayleigh 

scattering), 8 (IR-factor), 12 (VIS contrast) and 14 (IR-contrast) and can be seen in Table 1 

upper table. Other weather factors which have an impact on the radiation can be seen in Table 

1 lower table. The weather parameter in Table 1 is not complete, other phenomenon can also 

have an impact on the radiation but will not be studied in this thesis. 
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Table 1: Important weather factors and properties of the atmosphere for propagation of radiation in the EO-spectrum. 

Parameters based on equations 

Temperature 

Pressure 

Radius or cross section of droplets  

Composition of gas molecules 

Composition of aerosols 

Density of aerosols 

Density of gas molecules 

 

Weather parameters 

Clouds 

Wind direction and velocity 

Turbulence 

Rain intensity 

Humidity 

Snow intensity 

Luminance (sun, moon and streetlights) 

2.5.1 Aerosols 

Aerosols are small particles of dust or droplets in the atmosphere. Natural sources of aerosol 

are from desert dust, sea salt, volcanic eruptions and smoke from forest fires or other fires. 

Other sources can be burning of coal, oil and other fossil fuels, manufacturing of chemicals, 

from combustion engines, burning of biological materials (straw on fields) by agriculture and 

burning of wood for food cooking  [5], [33]. Other aerosol particles can have the chemical 

composition of ammonium sulphate ((𝑁𝐻4)2𝑆𝑂4), sodium nitrate (𝑁𝑎𝑁𝑂3) and potassium 

chloride (𝐾𝐶𝑙). The aerosol compositions over the sea are mostly salt particles but the 

composition varies locally and can be affected by small aerosols that travelled from distant 

countries [34]. An example of long distances transport for aerosols are forest fires in USA, 

which can have an impact on the aerosol composition in Europe. Large aerosol particles have 

higher falling velocity and do not travel as far as small aerosol particles [5]. Aerosols have 

complex properties depending on the size, shape and composition, but are approximated to be 

spherical in Mie theory, see Section 2.1.3. Aerosols can also have an important influence 

reflecting sunlight back to space and cooling the atmosphere and/or absorb the sunlight to 

heat the atmosphere [33].  

2.5.2 Particle Sizes 

The scattering properties of particles and aerosols relate to the size and density (concentration) 

of particles, see Table 2.  

 
Table 2: Size of particles [21].  

Type Radius [µm] Concentration [𝑐𝑚−3] 

Air molecules 10−4  1019    

Condensation nucleus 10−3 to 10−2 104 to 102 

Aerosols 10−2 to 1 103 to 10 

Fog 1 to 10 100 to 10 

Cloud 1 to 10 300 to 10 

Raindrops 100-10000 10−2 to 10−5 



13 

2.6 Performance of EO-systems 

The performance of EO-systems is based on imaging and if you can distinguish the target from 

the background in the signal, image or movie. The imaging process which happens after the 

radiation hits the detector depends on individual technical designs for each EO-systems and is 

assumed, in this thesis, to be equal for all EO-systems. It is essential to know how the weather 

impact on the radiation before it hits the detector. The detected effect from the affected radiation 

is transformed to an image and the importance is to be able to distinguish objects from the 

background in the image. The distinguish process is often categorised in three levels: detection, 

recognition and identification [16]. The criteria for the first level, detection, is that the detected 

radiation from a standard object have a contrast higher than zero, in this thesis the minimum 

contrast is set to 2 %, see Figure 10. Criteria for recognition and identification requires a more 

careful analysis and will not be studied in this thesis.   

 

When an object is detected in an image it can be estimated how far away it is from the detection 

point by the, so-called, visibility range. The range is derived from Beer’s law Eq. (1) with the 

assumption that the transmission is 2 % [21].  

 

 
𝑇 =

𝑃

𝑃0
= 0.02 (15) 

 

 
𝑑 =

−ln (0.02)

𝜎
=

3.912

𝜎
 (16) 

 

The range, 𝑑 in [km], depends on the extinction coefficient and the transmission at 2%. This 

equation is called Koschmieder’s law, where the transmission is proportional to the Weber 

contrast of 2 % [28]. 
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3. Theory: Satellite 

A satellite is an object that orbits a larger celestial body. The Moon is a so-called natural satellite 

and satellites built by humans are so-called artificial satellites. Artificial satellites can be placed 

in specific orbits depending on the height from Earth’s surface and shape of the orbit, called: 

 

1. Low Earth Orbit (LEO), is often circular and the satellite orbit has a height from 200 to 

5000 km. Satellites in this orbit are mostly for remote sensing, weather observation, 

communication and for research of the atmosphere close to space. Well known satellites 

are the International Space Station (ISS) at 405 km and the Hubble space telescope at 

538 km.  

2. Medium Earth Orbit (MEO), is from 10 000 to 20 000 km. Satellites at this orbital 

height are often for the Global Position System (GPS).  

3. Highly Elliptical Orbit (HEO), have a distance from Earth from 500 to 40 000 km which 

depends on the orbit eccentricity. The eccentricity goes from 0 to 1. An orbit with 

eccentricity 1 is a circle and with eccentricity 0 is a parabola.  

4. Geostationary Earth Orbit (GEO), is at a height of 35 800 km above the equator. When 

a satellite is in a GEO the satellite velocity equals the speed of Earth’s rotation and the 

satellite seems to “stay in place” over a geological point above Earth. Satellites for 

communication and TV signals are often in this orbit position. 

5. Sun-synchronous orbit (SSO), is possible for objects in LEO and MEO. The object in a 

sun-synchronous orbit always passes over a given point (latitude) at the same mean solar 

time. For example, a satellite can be placed in an orbit so that it every day passes over 

the city Linköping at the average mean local time 10 am. This means that the orbit plane 

precession one degree per day and complete one revolution around the sun in one year.  

6. Polar orbit, when the orbit sweeps over or is close to the Earth pols the orbit is called a 

polar orbit. It is possible to have a polar orbit for LEO, MEO and HEO [35], [36].  

An orbit around Earth is also defined by the inclination, which is the angle from the equator to 

the orbit plane. The inclination decides how large part of the Earth’s surface is covered by the 

orbit.  

 

 

Figure 12: The figure illustrates different satellite orbits around Earth. LEO (red), MEO (blue), HEO (purple) and GEO 

(green). In this example the LEO (red) is also a polar orbit. 
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Figure 13: The red line shows the satellite orbit and the angle between the grey - and red line determines the orbit inclination. 

If the satellite orbits above the equator the inclination is zero degree and if the satellite orbits over the poles the inclination is 

90 degrees [11]. 

An orbit is given by its inclination, perigee (shortest distance from Earth to the orbit), apogee 

(the largest distance from Earth to the orbit), period (the time it takes to complete one orbit), 

the orbit type (polar or sun-synchronous) and the class of the orbit (LEO, MEO, HEO or GEO). 

 

When satellites are orbiting Earth a projection of the orbit path can be visualized on the ground 

called ground track. To know the position of the satellite Earth’s geographic coordinate system 

is used. The longitude form circular planes that goes through the North and South poles, 

measured between -180 to +180 degrees and the longitude plane that passes through Greenwich 

in United Kingdom is at zero degrees. Positive longitudes refer as east, E, and negative 

longitudes refer as west, W. The latitude form circular planes that are parallel to the equator, 

measured between -90 to +90 degrees and the longitude plane at the equator is at zero degrees. 

Positive latitudes refer as north, N, and negative latitude refer as south, S. In some cases, it is 

useful to know the satellites height from Earth, called altitude, and is measured in meters from 

the sea level. In Figure 14 the geographic coordinate system is illustrated.  

 

 
Figure 14: The geographic coordinate system [37]. The red point has the position [50E, 40N]. 

The satellites payloads can be projected on Earth with a ground track called field of view (FOV). 

The satellite itself has a narrow ground track, but the payloads with special designed sensors 

can cover a much larger area. An example of FOV for the A-train constellation is illustrated in 

Figure 15. The A in A-train stand for afternoon constellation which represent the characteristic 

of the satellite path. The A-train satellites always cross the equator each day at around 1:30 pm 

solar time and crosses the equator on the night side at around 1:30 am [38].  
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Figure 15: The picture shows the A-train satellites ground track and the covered area from one payload (attached sensor) of 

each satellite. OCO-2 (yellow), Shizuku also called GCOM-W1 (red), Aqua (white), CALIPSO (green) and Aura (purple). The 

FOV for OCO-2 and CALIPSO is too narrow to be seen in this picture. The set time of the picture is 7 May 2018 11:46:50. 
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4. Method: Selection of Satellite Data 

As mentioned in the Section 1.1.2, there are over 1700 active satellites orbiting Earth and 

around 170 of them are for weather purposes. Since the measurements in this thesis utilizes 

satellite data, a selection process of satellite data has been developed to find useful information 

for the prediction of the weather impact on EO-systems.  

 

To get the first overview of satellites, it is possible to access a list of all active satellites with 

general information from the Union of Concerned Scientists (UCS) webpage [8], see Appendix 

C. For a deeper insight the list from OSCAR [14], see Appendix C, offers more detailed 

information about the satellites payloads. Together with the knowledge about how the weather 

impact on EO-systems, see Section 2.5, and the two lists a method to select and investigate a 

satellite could be formed. The selection process is based on three criteria:  

 

1. The satellite should have at least one payload that is of interest for the weather impact 

on the EO-system. 

2. It should be possible to receive and download data sets from the payload of interest on 

the satellite.  

3. The satellite should cover geographical areas of interest for a potential user. 

 

In this thesis the geographical areas of interest are Europe, Africa and America. In Table 3 a 

first selection of satellites that meet the above-mentioned criteria are presented. The main 

payload or the payload which measure an important parameter for the EO-system is also 

presented in Table 3. A second selection of relevant payloads that measure a potential important 

weather parameter for the EO-systems, see Section 2.5, is presented in Table 4. 

 
Table 3: Satellites of interest. 

Satellite Active Launched End of Life One of the payloads Owner 

NOAA-15 Yes 1998-05-13 by 2018 HIRS/3 NOAA 

Terra Yes 1999-12-18 by 2018 MISR NASA 

Aqua Yes 2002-05-04 by 2018 MODIS NASA 

Aura Yes 2004-07-15 by 2018 OMI NASA 

PARASOL No 2004-12-28 2013-12-18 POLDER CNES 

CloudSat No 2006-04-28 2018-02-23 CPR NASA 

CALIPSO Yes 2006-04-28 by 2018 CALIOP NASA/ 

CNES 

GOES-15 Yes 2010-03-04 by 2020 IMAGER NOAA/ 

NASA 

Suomi NPP Yes 2011-10-28 by 2018 CERES NOAA/ 

NASA 

GCOM-W1 Yes 2012-05-17 by 2018 AMSR-2 JAXA 

Spot 6 Yes 2012-09-09 by 2022 NAOMI Spot Image 

Sentinel-1A Yes 2014-04-03 by 2021 SAR-C ESA/EC 

Spot 7 Yes 2014-06-30 by 2024 NAOMI Spot Image 

OCO-2 Yes 2014-07-02 by 2018 OCO NASA 

ISS-CATS No 2015-01-10 2017-10-30 CATS NASA/CSA

/JAXA/ESA

/Roscosmos 

Sentinel-2 Yes 2015-06-23 by 2022 MSI ESA/EC 
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Jason-3 Yes 2016-01-17 by 2021 Poseidon-3B NASA/CNES/

EUMETSAT/

NOAA 

Sentinel-3A Yes 2016-02-16 by 2023 SLSTR ESA/EC/ 

EUMETSAT 

Sentinel-1B Yes 2016-04-25 by 2023 SAR-C ESA/EC 

GOES-16 Yes 2016-11-19 by 2027 ABI NOAA/ 

NASA 

Sentinel-5P Yes 2017-10-13 by 2024 TROPOMI ESA/NSO 

NOAA-20 Yes 2017-11-18 by 2024 ATMS NOAA 

 

 
Table 4: Second selection of satellites with relevant payloads for the prediction of weather impact on 

EO-system [14]. 

Satellite Payload Full name Purpose 

CALIPSO CALIOP Cloud-Aerosol 

Lidar with 

Orthogonal 

Polarisation 

Measure cloud top height, cloud optical depth, 

height of the tropopause, aerosol optical depth,  

aerosol effective radius, aerosol mass mixing 

ratio, aerosol extinction and aerosol type. 

ISS-CATS CATS Cloud-Aerosol 

Transport 

System 

Measure aerosol optical depth, aerosol 

effective radius, aerosol mass mixing ration, 

aerosol type, cloud top height, height of the 

tropopause, cloud optical depth, Polar 

Stratospheric Clouds (PSC) occurrence and 

height of the Planetary Boundary Level (PBL). 

Aqua MODIS Moderate-

resolution 

Imaging 

Spectro-

radiometer 

Measure cloud cover, cloud optical depth, 

cloud top height, cloud top temperature and 

cloud type. 

Sentinel-5P TROPOMI Tropospheric 

Monitoring 

Instrument 

Atmospheric chemistry. 𝐵𝑟𝑂, 𝐶𝐻4, 𝐶𝑂, 𝐶𝑙𝑂, 

𝐻2𝑂, 𝐶𝑂2, 𝐻𝐶𝐻𝑂, 𝑁2𝑂, 𝑁𝑂, 𝑁𝑂2, 𝑁𝑂3, 𝑂2, 

𝑂3, 𝑂4, 𝑆𝑂2 and aerosols. 

NOAA-15 HIRS/3 High-

resolution 

Infra-Red 

Sounder/3 

Measure atmospheric temperature, Integrated 

Water Vapor (IWV), specific humidity, cloud 

top height, cloud top temperature, land surface 

temperature, sea surface temperature and cloud 

cover. 

NOAA-20 OMPS-

nadir 

Ozone 

Mapping and 

Profile Suite 

Measure atmospheric chemistry, ozone 

profile, 𝐵𝑟𝑂, 𝐻𝐶𝐻𝑂, 𝑁𝑂2, 𝑁𝑂, 𝐶𝑙𝑂 and 𝑆𝑂2. 

 

For more general information about the satellites in Table 3 and their payloads in Table 4 see 

Appendix D and Appendix E. The payloads in Table 4 measure parameters which are important 

for the weather impact on EO-systems performance such as aerosols, clouds, atmospheric 

chemistry, temperature etc. The final selection to investigate one satellite is based on the 

importance of the aerosol impact on EO-systems performance. The three candidates are 

CALIPSO, ISS-CATS and Sentinel-5P. Finally, CALIPSO was chosen as the final candidate 

because it has the longest operational time, 12 years, and is still active today.  
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4.1 CALIPSO 

CALIPSO stands for Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation. It is 

a part of the Earth Observing System (EOS). The satellite is a joint mission between NASA, 

USA, and CNES, France, to provide new knowledge about how clouds and aerosols affect the 

weather, climate and air quality. It was launched on 28th April 2006 and was placed in a LEO 

to be a part of the A-train constellation. CALIPSO has three main payloads: a space based 

lidar (CALIOP), a passive Wide-Field Camera (WFC) and an Imaging Infrared Radiometer 

(IIR). The A-train constellation consists, today, of five active satellites that follow a similar 

satellite path with just minutes separated from each other. The order of the A-train satellites 

is: OCO-2, GCOM-W1 “SHIZUKU” (11 minutes after), Aqua (15 minutes after), CALIPSO 

(15 minutes and 15 seconds) and at last Aura (30 minutes after) [39]–[41]. The orbit 

parameters for CALIPSO are: 

 

• Inclination: 98.2°  

• Perigee: 701 km  

• Apogee: 703 km  

• Period: 99 minutes 

• Orbit type: Sun-synchronous 

• Class of orbit: LEO 

 

More information about the other A-train satellites can be found in Appendix D. In Figure 16 

the ground track of CALIPSO and the A-train constellation with its FOV is shown and in Figure 

17 a picture of the satellite CALIPSO is shown. 

 

 

 
Figure 16: The figure is made in STK and shows the ground track of CALIPSO, in green, for a time interval of 24 hours. This 

illustrates how much of the Earth’s surface the satellite covers for one day. The position and the FOV of the other A-train 

satellites and the city Linköping in Sweden is marked on the map. 



22 

 
Figure 17: Illustration of the satellite CALIPSO [42]. 

4.1.1 Instrumental Detail 

The payload that measure aerosols on CALIPSO is CALIOP, which stands for Cloud-Aerosol 

Lidar with Orthogonal Polarization. It is a space based Light Detection And Ranging 

(LIDAR) system to provide vertical information of the aerosol distribution in the atmosphere. 

It is constructed of a diode-pumped Nd:YAG laser which produce linearly-polarized pulses of 

light at 532 nm and 1064 nm with a pulse rate of 20 Hz. The elastic backscatter intensity from 

the LIDAR transmitter is collected by a 1-m telescope, which feed a three-channel receiver to 

measure the intensity for 1064 nm and the orthogonal polarization components (parallel and 

perpendicular) for 532 nm. The vertical resolution is 30 m from 0 to 40 km, the spatial 

resolution is 333 m and the instrument has a repeat cycle of 16 days to cover the whole Earth 

[40], [41]. In Figure 18 the functional parts of CALIOP is illustrated. 

 

 
Figure 18: Functional diagram of CALOPSO’s LIDAR instrument CALIOP, which measure the vertical distribution of aerosols 

in the atmosphere [43]. 
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4.3 Description of the Satellite Data 

An overview has been done for different types of satellite data when criterion 2 (it should be 

possible to download data sets from the payload of interest on the satellite) was investigated. It 

was found that each satellite has its own type of data process with the instrument data before it 

can be ordered as a data set product. The received time for a data set varied from satellite to 

satellite, on the specific payload and if the data set should be near real time (updated the same 

day) or historic. The data sets are also saved in different file formats depending on the satellite 

mission company. The data processes are called algorithms and the purpose with the algorithms 

is to produce scientific data, specific weather parameters or other important information. It was 

also found that the algorithms are continuously improved, and the data sets can be ordered for 

different versions of the algorithms.  

 

The satellite data from CALIPSO were downloaded from the website www.earthdata.nasa.gov. 

A registered account was needed before it was possible to order the data sets. The website has 

collections of data sets from several more satellites and payloads which can be read more about 

in Appendix C.  

 

The data sets from CALIPSO have gone through different steps of algorithms, so-called levels, 

from the instrument data. Depending on the level and if the data set should be near real time or 

historic the time to receive the data set varied from 10 minutes to 3 days. The time delay depends 

on the possibility for a satellite to transmit the instrument data, since it can only be transmitted 

at specific places on Earth. When the satellite passes over and has a connection to the ground 

stations the transmittance of the instrument data can occur. The ground stations for CALIPSO 

are located in Alaska (prime) and on Hawaii (back up) [44]. This delay problem can be 

overcome for satellites placed in a GEO, which hover over the same geographical position. The 

instrument data from CALIPSO are transmitted once per day and sent from the ground station 

to the Data Management System (DMS) at NASA and uses the CALIPSO Automated 

Processing System (CAPS) to provide scientific data from the instrument data [45]. The data 

sets from CALIPSO are saved in hdf format and can be ordered for four different levels, L1, 

L1.5, L2 and L3. The connection between the levels for CALIPSO is illustrated in Figure 19 

[45]. 

 

 
Figure 19: Data flow description of CALIPSO [45]. Level 0, L0, is the  instrument data from the satellite. Level 1, L1, is the 

first algorithm iteration. The L1 data is used in level 2, L2, and level 1.5,  L1.5. The L1.5 are for near real time data sets. The 

level 3, L3,  use the data from the L2 aerosol products. 

http://www.earthdata.nasa.gov/
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The data sets used in this thesis are: 

CAL_LID_L3_APro_CloudySkyTransparent-Standard-V3-10.2016-12D.hdf and 

CAL_LID_L3_APro_CloudySkyTransparent-Standard-V3-10.2016-12N.hdf,  

which is explained in more detail in Figure 20, Table 5, Table 6 and Table 7. 

 

 
Figure 20: Description of the data set from CALIPSO. The individual data sets have a combination of the investigation, 

subsystem, level, product ID, maturity level, version, instance and file format to identify the specific data set.  

 
Table 5: Description and examples of what a data set from CALIPSO can be ordered as [45]. 

Investigation  Mission: CAL 

Subsystem LID, IIR, WFC 

Level Product level, e.g., L1, L1.5, L2, L3 

Product ID Product Identification for different data products generated at the same 

product level. Example for Version 3 standard processing: CAL, IIR, 1Km, 

125m, 333mCLay, 01kmCLay, 05kmCLay, 05kmALay, 05kmCPro, 

APro_AllSky, APro_CloudFree, APro_CloudySkyTransparent, 

APro_CloudySkyOpaque (APro=Aerosol product) 

Maturity level Validation level assigned to the data product, see Table 6 

Version Version information, e.g., V3-10 

Instance YYYY-MM-DDThh-mm-ssZ [D/N], YYYY-MM-DD [D/N], YYYY-

MM-DD. E.g. Data measurement date (2010-04-17). E.g. Time of first 

record: 20 hour, 09 minutes, 13 seconds (T20-09-13). Day/Night-time 

condition (D/N) 

File format Hierarchal Data Format (.hdf) 

 
Table 6: Definition of maturity level [45]. 

Beta This is an early release product for users to gain familiarity with data 

formats and parameters. Users are strongly cautioned against the 

indiscriminate use of these data products as the basis for research 

findings, journal publications and/or presentations. 

Provisional Limited comparisons with independent sources have been made and 

obvious artefacts fixed. 

Validated Stage 1 Uncertainties are estimated from independent measurements and 

selected locations and times. 

Validated Stage 2 Uncertainties are estimated from more widely distributed independent 

measurements. 

Validated Stage 3 Uncertainties are estimated from independent measurements 

representing global conditions. 

Quick Look Very rapid processing to ensure earliest distribution at the expense of 

some degradation of data quality; calibration coefficients may be 
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obtained from historical data; level 2 analyses use most recently 

available ancillary data. 

Expedited Rapid processing to ensure early availability at the expense of some 

degradation of data quality; calibration and level 2 analyses use most 

recently available ancillary data, which may represent conditions several 

days prior to the CALIPSO measurements. 

Standard This is the highest quality data: ancillary data is spatially and temporally 

matched to CALIPSO measurements, thus guaranteeing the best 

possible calibration and most reliable level 2 retrievals. 

 

4.3.1 Algorithm for the Extinction at L3 

The major categories that CALIPSO Automated Processing System (CAPS) distribute from the 

level 3 data are extinction data, Aerosol Optical Depth (AOD), aerosol layer properties and 

ancillary grid data [45]. The level 3 data uses input data from level 2 version 3 data, see Figure 

19, which is the 5-km aerosol profile products. All level 3 parameters are derived from the level 

2 data products [46], [47]. It can be ordered for four different sky conditions, defined in Table 

7: 

 
Table 7: Sky condition for level 3 data [46]. 

Product ID  Definition 

All-Sky All level 2 values are averaged, regardless of cloud occurrence. 

Cloud-Free Only cloud-free level 2 values are averaged. 

Cloudy-Sky Transparent Only level 2 values containing transparent clouds are averaged. 

Transparent clouds mean that the CALIOP signals reach the 

Earth surface and the profile contains clouds. Aerosol layers 

can be found both above or below the clouds. 

Cloudy-Sky Opaque Only level 2 values containing opaque clouds are averaged. The 

clouds are detected at 5 km or with a coarser resolution where 

the surface is not detected.  

 

The level 3 data have a temporal resolution of one month and is reported on a uniform grid, see 

Table 8. 

 
Table 8:  Spatial resolution of level 3 data [47].  

Spatial Coverage Spatial Resolution 

360°  longitude (180° W to 180° E) 5° longitude 

170° latitude (85° N to 85° S) 2° latitude 

-0.5 km to 12 km altitude 60 m vertical 

 

In this thesis the satellite parameter that is studied is extinction data, which is reported as mean 

aerosol extinction values from CAPS. The product Cloudy-Sky Transparent will be studied to 

have the opportunity to see aerosols both above and below clouds. The product uses all aerosol 

extinction values from the level 2 version 3 data over one month and calculate the mean value 

for the aerosol extinction at each grid cell. It is calculated from all quality screened level 2 

extinction values by the equation: 
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𝜎 =

∑ 𝜎𝑎𝑒𝑟,𝑖
𝑁𝑎𝑒𝑟
𝑖=1 + ∑ 𝜎𝑐𝑙𝑒𝑎𝑟,𝑗

𝑁𝑐𝑙𝑒𝑎𝑟
𝑖=1

𝑁𝑎𝑒𝑟 + 𝑁𝑐𝑙𝑒𝑎𝑟
 (17) 

 

Where 𝜎 is the mean aerosol extinction coefficient for one month, 𝜎𝑎𝑒𝑟,𝑖 is the set of aerosol 

extinction coefficients accepted by the quality screening, 𝜎𝑐𝑙𝑒𝑎𝑟,𝑗 is the set of clear-air aerosol 

extinction samples, 𝑁𝑎𝑒𝑟 is the total number of aerosol extinction samples accepted by the 

quality screening and 𝑁𝑐𝑙𝑒𝑎𝑟 is the number of clear-air samples. Regions identified as clean air 

assumes that the 𝜎𝑐𝑙𝑒𝑎𝑟,𝑗 is zero. The mean aerosol extinction values are then calculated by: 

 

 
𝜎 =

∑ 𝜎𝑎𝑒𝑟,𝑖
𝑁𝑎𝑒𝑟
𝑖=1

𝑁𝑎𝑣𝑔
 

 

(18) 

Where 𝑁𝑎𝑣𝑔 = 𝑁𝑎𝑒𝑟 + 𝑁𝑐𝑙𝑒𝑎𝑟.  

 

CAPS have developed algorithms to characterize six types of aerosols: clean marine, dust, 

polluted dust, clean continental, polluted continental and smoke. Three aerosol types (polluted 

dust, polluted continental and smoke) are based on the cluster analysis of a multilayer by 

Aerosol Robotic Network (AERONET) dataset. The aerosol type dust is based on the 

theoretical particle scattering model by using the discrete-dipole approximation technique. 

Polluted dust is a mix of dust with biomass burning smoke. Clean continental is referred as 

clean background. Clean marine is aerosols detected near the surface of the sea. Polluted 

continental is often found close to urban-industrial regions. Smoke is referred as biomass 

burning. There is a specific extinction-to-backscatter ratio (lidar ratio) for each aerosol type 

[48]. All aerosol types are reported as aerosols in the mean aerosol extinction data, the types 

dust, polluted dust and smoke is also reported separately in the satellite data [46].  

4.3.2 Algorithm for the Extinction at L2 

Since the mean aerosol extinction in the level 3 data is calculated from the extinction coefficient 

from the level 2 data, the level 2 algorithm to calculate the extinction values is described in this 

section. The level 2 algorithms detect features, assign type classification (aerosol, cloud, and 

surface) and retrieve extinction coefficients from the attenuated backscatter signals. The 

extinction is divided up in two categories, aerosols and clouds. The extinction retrieval 

algorithm requires a lidar ratio ( the ratio of extinction to backscatter) for the layer being 

analysed [46]. The detected attenuated backscatter signal, in CALIPSO, is described by the 

lidar equation [49]:  

 

 
𝑃(𝑟) =

1

𝑟
𝐸0𝜉[𝛽𝑀(𝑟) + 𝛽𝑝(𝑟)]𝑇𝑀

2 (0, 𝑟)𝑇𝑂3

2 (0, 𝑟)𝑇𝑃
2(0, 𝑟) + 𝑃0 (19) 

 

Where 𝑃(𝑟) is the backscattered signal power detected at range r from the lidar; 𝜉 is the lidar 

system parameter where 𝜉 = 𝐺𝐴𝐶 and 𝐺𝐴 is the amplifier gain and 𝐶 is the lidar calibration 

coefficient; 𝐸0 is the average laser energy for a single average profile; 𝛽𝑀(𝑟) is the molecular 

volume backscatter coefficient, which is proportional to the molecular density profile; 𝛽𝑃(𝑟) is 

the particulate volume backscatter coefficient; 𝑃0 is the combined effect of signals from the 

background illumination and from electrical or digital offsets applied during the detection of 

signals; the T2 components (molecules, ozone and particles) are the two-way transmittance 

between the lidar (zero) at range 𝑟, which are described by the equations: 

 



27 

 
𝑇𝑀

2 (0, 𝑟) = exp [−2 ∫ 𝜎𝑀(𝑟′)𝑑𝑟′
𝑟

0

] (20) 

 

 
𝑇𝑂3

2 (0, 𝑟) = exp [−2 ∫ αO3
(𝑟′)𝑑𝑟′

𝑟

0

] (21) 

 

 𝑇𝑃
2(0, 𝑟) = exp [−2𝜂(𝑟)𝜏𝑃(0, 𝑟)] (22) 

 

Where 𝜎𝑀(𝑟′) is the molecular volume extinction coefficient, αO3
(𝑟′) is the ozone volume 

absorption coefficient and 𝜂(𝑟) is the parametrization for multiple scattering. The particulate 

optical depth, 𝜏𝑃(0, 𝑟), can be described as: 

 

 
𝜏𝑃(0, 𝑟) = ∫ 𝜎𝑃(𝑟′)𝑑𝑟′

𝑟

0

 (23) 

 

 And for a given layer, 𝑟, the particulate volume extinction coefficient  is described by 

 

 𝜎𝑃(𝑟) = 𝑆𝑃𝛽𝑃(𝑟) (24) 

 

Where 𝑆𝑃 is the extinction-to-backscatter ratio (lidar ratio), which is assumed to be constant 

within the identified layer. To find the solutions for the lidar equations a Hybrid Extinction 

Retrieval Algorithm (HERA) is used to retrieve the particulate backscatter, 𝛽𝑃(𝑟), and the 

extinction coefficient, 𝜎𝑃(𝑟) [49]. It is the extinction coefficient, 𝜎𝑃(𝑟), that is used as the 

aerosol extinction input for the mean extinction in the level 3 data. 

 

4.4 Errors in the Satellite Data 

The level 3 mean aerosol extinction from CALIPSO is compared with measurements of the 

mean aerosol extinction from the ground station Napoli EALINET in September 2008. The 

correlation between the measurements is said to be satisfactory since all values at its standard 

deviation from Napoli lays within the standard deviation of the measurements from CALIPSO 

[50].  

 

Wrong classifying between cirrus clouds and aerosols can occur in the HERA algorithm and 

contribute to an error. Also, aerosols detected close to or inside ice clouds are ejected but not 

for water clouds [47].  
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5. Results 

In this section, the results from the satellite data and the development of the application for 

the weather impact on the EO-systems performance are presented. 

5.1 Satellite Data 

The mean aerosol extinction values from the level 3 Cloudy-Sky Transparent satellite data is 

presented for December in 2016, gridded over Earth with a spatial resolution of 2º x 5º. The 

time interval does not need to be specific and is arbitrary chosen to be December 2016. The 

mean aerosol extinction values are presented at four different heights; 100 meters, 1 km, 5 km 

and 12 km in Figure 21-28. The day time condition, when CALIPSO is in sunlight, are 

presented in Figures 21, 23, 25 and 27. The night time condition, when CALIPSO is in Earth 

shadow, are presented in Figures 22, 24, 26 and 28.  

 

The figures have empty regions, in white, which is due to the sky condition for the Cloudy-

Sky Transparent definition, see Table 7. The mean aerosol extinction values are only reported 

if there exist transparent clouds in the satellite data, otherwise the area is reported to have no 

data, but if there exist transparent clouds but no aerosol data the extinction value is reported as 

zero (black). The aerosols reported in the mean aerosol extinction values are a mix of clean 

marine, dust, polluted dust, clean continental, polluted continental and smoke, see Section 

4.3.1. 

 

The standard deviation for the satellite data is presented in Figure 30 and Figure 31. The 

standard deviation is calculated for each altitude step of 60 meters from 0 to 12 km. It shows 

the variation of all the level 2 values for each height step, which is used to calculate the mean 

values. Negative values for the standard deviation are not shown because a negative value of 

the extinction is not physically possible.  

 

These data in Section 5.1 were obtained from the NASA Langley Research Center 

Atmospheric Science Data Center. 
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Figure 21: The figure shows the day time mean aerosol extinction values in December 2016 at a height of 100 meters 

gridded with a spatial resolution of 2º x 5º over the whole Earth. 

 

 

Figure 22: The figure shows the night time mean aerosol extinction values in December 2016 at a height of 100 meters 

gridded with a spatial resolution of 2º x 5º over the whole Earth. 
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Figure 23: The figure shows the day time mean aerosol extinction values in December 2016 at a height of 1 km gridded with 

a spatial resolution of 2º x 5º over the whole Earth.  

 

 

 
Figure 24: The figure shows the night time mean aerosol extinction values in December 2016 at a height of 1 km gridded 

with a spatial resolution of 2º x 5º over the whole Earth. 
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Figure 25: The figure shows the day time mean aerosol extinction values in December 2016 at a height of 5 km gridded with 

a spatial resolution of 2º x 5º over the whole Earth. 

 

Figure 26: The figure shows the night time mean aerosol extinction values in December 2016 at a height of 5 km gridded 

with a spatial resolution of 2º x 5º over the whole Earth. 
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Figure 27: The figure shows the day time mean aerosol extinction values in December 2016 at a height of 10 km gridded with 

a spatial resolution of 2º x 5º over the whole Earth. 

 

 
Figure 28: The figure shows the day time mean aerosol extinction values in December 2016 at a height of 10 km gridded with 

a spatial resolution of 2º x 5º over the whole Earth. 

Figure 22-28 show layers of the vertical distribution of the mean aerosol extinction in 

December 2016. It is seen that the concentration of aerosols is higher under 5 km for both day 

and night condition and the appearance of aerosols above 5 km is small. For the night time 

condition the mean aerosol extinction values is higher in local areas. 
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5.1.1 Results from a Local Area 

A specific area can be extracted and analysed to see the local vertical distribution of aerosols. 

An example, based on criterion 3, of the local area has the midpoint at longitude 17,5 East and 

latitude 58 North which is drawn over a map, see Figure 29, where the mean aerosol 

extinction value is calculated for the whole area.  

 
Figure 29: The figure shows the area, in red, for the mean aerosol extinction values in figure 27 and 28. The location 17,5E 

and 58N mark the midpoint of the grid cell area. The resolution of the grid is 2º x 5º and this area is approximatively 220 km 

x270 km. 

The local vertical distribution of the mean aerosol extinction for day- and night time condition 

to the maximum height of 12 km are presented in Figure 30 and Figure 31, respectively.  
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Figure 30: The figures shows the day time mean aerosol extinction (blue) and the standard deviation (red dotted) for 

December 2016 at the longitude 17.5E and latitude 58N from 0 km to 12 km (left) and 0 km to 3 km (right). The right figure 

show a in zoomed part from 0-3 km from the left figure. 

 

 

For the day time condition there is a clear layer of aerosols detected under 1 km. For the night 

time condition there is two clear layers of aerosols at around 600 meters and around 2.1 km.  

 

In the satellite data it was possible to access more weather parameters then described at the 

OSCAR data base for the same time interval as the satellite data. According to the OSCAR data 

base CALIPSO can show: Cloud top height, cloud optical depth, height of the tropopause, 

Aerosol Optical Depth (AOD), aerosol column burden, aerosol effective radius, aerosol mass 

mixing ratio, aerosol extinction and aerosol type.  

Figure 31: The figure shows the night time mean aerosol extinction (blue) and the standard deviation (red dotted) for 

December 2016 at the longitude 17.5E and latitude 58N from 0 km to 12 km (left) and 0 km to 3 km (right). The right figure 

show a in zoomed part from 0-3 km from the left figure. 
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However, it was possible to find the mean temperature and mean pressure values for December 

2016 in the level 3 data. This was not expected since the satellite does not have payloads to do 

these measurements. The parameters are reported as external data from the Goddard Earth 

Observing System (GEOS-5) provided from the Global Modeling and Assimilation Office 

(GMAO) in the satellite data set. These data are interpolated with the level 1 data to have the 

same grid cell resolution (2º x 5º) as the satellite data. The data set is a combination of computer 

models and measurement from aircraft and satellites. But since the temperature and the pressure 

are important weather parameters for the EO-system the mean temperature and mean pressure 

for the local area in December 2016 are presented in Figure 32 and Figure 33 respectively [51]. 

This data will later be used in the application. Other external data from GMAO found in the 

satellite data were the relative humidity and the tropopause minimum- , maximum- and mean 

height. 

 
Figure 32: The mean temperature for December 2016 for a grid cell of 2º x 5º with the midpoint location: longitude 17.5E 

and latitude 58N. Provided from GMAO. 

 
Figure 33: The mean pressure for December 2016 for a grid cell of 2º x 5º with the midpoint location: longitude 17.5E and 

latitude 58N. Provided from GMAO. 
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5.2 Application 

The purpose with the application is to predict the performance of an EO-system, at any time, at 

any location and looking in any direction. The performance property for an EO-system in this 

application will estimate the range and can be treated as a range prediction model. A first outline 

of the application has been developed to see how the weather impact on the range for an EO-

system. The application is designed in MATLAB with the implementation of the level 3 

Cloudy-Sky Transparent satellite data from CALIPSO. A general overview how the application 

works is first presented followed by how the calculation is made, one example for the 

application in action and four cases for the range estimation. 

 

The application is based on three main sections: EO-system, geographical (geo) location and 

the scene, marked in the octagon in Figure 34. The resulting product from the application is to 

show a user the estimated range depending on the inserted conditions. In Figure 34 an overview 

of the application is shown and suggestions of what the three main section can depend on can 

be seen in Figure 35.   

Figure 34: An overview of the application. A potential user inserts initial conditions for the EO-system, geo-location, time, 

height and the scene, marked in the octagon. A calculation based on theory, models and existing satellite data is done to 

result in an estimated range detection.  

 

Figure 35: The main sections (EO-system, Geo-location, time and height and Scene) are here divided up in smaller parts. 

The parts show what factors and sources that is of important for the application to run and results in the range estimation.  
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To run the application, the program needs access to satellite data. It is required by the user to 

have the satellite data downloaded on the computer which is only possible by making an 

account on a satellite data webpage, see Appendix C. To guide the user to choose specific 

satellite data the program System Tool Kit (STK), see Appendix C, is recommended. STK 

shows, in an easy way, the position for a chosen satellite at a given time. Since the application 

use satellite data, Figure 36 shows how data bases and satellite factors connect to each other. 

 

The application is built up by six windows where the potential user inserts initial conditions in 

the EO, GEO and Scene windows and the output results in two windows which inform the 

user the estimated range and how close the initial position is from the position with existing 

satellite data. The EO-window specifies the parameters for the EO-system. The GEO-window 

specifies the location of operation, which indirect connects to which satellite data that is going 

to be used. The scene window specifies what kind of object and background that can be 

expected in the scene. An example of the application is shown in Section 5.2.2. 

 

  

Figure 36: The figure shows an overview how specific satellite data can be found from data bases. The data bases marked 

with red text are EARTHDATA, Copernicus program, ECMWF, EUMESAT, OSCAR, STK, Spacelab (FOI’s internal satellite 

data base) and UCS satellite data base. 

Figure 37: The figure shows the different steps of the application. It starts with the EO-window follow by a GEO and Scene 

window. The resulting estimated range is showed in a diagram and the nearest satellite location from the chosen location is 

presented in an answer window.    



39 

5.2.1 Calculation of the Range 

Below, the equations present how to the calculation of the range is made in the application. 

The range, 𝑑, is estimated by Equation (16) with the contrast condition that the target and the 

background have a minimum contrast of 2%: 

 

 
𝑑(𝜆, 𝑥) =

−ln (0.02)

𝜎(𝜆, 𝑥)
=

3.912

𝜎(𝜆, 𝑥)
  

 

The equation is known as the visibility range but is here approximated to estimate the range 

for both UV- and IR radiation. The extinction value, 𝜎, is calculated by Equation (5): 

 

 𝜎(𝜆, 𝑥) = 𝛼𝑚(𝜆, 𝑥) + 𝛽𝑚(𝜆, 𝑥) + 𝛼𝑎(𝜆, 𝑥) + 𝛽𝑎(𝜆, 𝑥)  

 

The absorption by molecules, 𝛼𝑚(𝜆, 𝑥), is approximated to be zero because the EO-system 

wavelengths bands only operates in the atmospheric windows, were the molecule absorption 

in the atmosphere is very small. The scattering of molecules, 𝛽𝑚(𝜆, 𝑥), is calculated by 

Equation (6). The absorption and scattering of aerosols, 𝛼𝑎(𝜆, 𝑥) + 𝛽𝑎(𝜆, 𝑥), is retrieved from 

CALIPSO as the mean aerosol extinction, 𝜎𝑚𝑒𝑎𝑛. Thus, the range equation becomes: 

 

 
𝑑(𝜆, 𝑥) =

3.912

𝛽𝑚(𝜆, 𝑥) + 𝜎𝑚𝑒𝑎𝑛
 (25) 

 

If the EO-system operates in the IR-wavelength band, 𝜆={0.7-14 µm}, a correction is done 

for the aerosol extinction with the IR-factor used in Equation (7):  

 

 𝜎𝑎(𝜆) = 𝑅𝐼𝑅
𝑉

(𝜆) ∙ 𝜎𝑉  

 

The IR-factor is calculated by Equation (8): 

 

 𝑅𝐼𝑅
𝑉

(𝜆) = 𝑅𝑉
𝑖𝑘(𝜎𝑉, 𝑝) = 𝑅𝑉0

𝑖𝑘 + 𝑎𝑖𝑘𝜎𝑉 + 𝑏𝑖𝑘(𝑝 − 𝑝0)  

 

The constant 𝑅𝑉0
𝑖𝑘  and coefficients 𝑎𝑖𝑘 and 𝑏𝑖𝑘 for the Lövsättra model is used and can be seen 

in Appendix B. The Normstorp model showed to produce negative IR-factor values and was 

therefore rejected. The aerosol extinction, 𝜎𝑉, in this calculation is used as the mean aerosol 

extinction, 𝜎𝑚𝑒𝑎𝑛, from CALIPSO. This is an approximation since the mean aerosol 

extinction from CALIPSO is calculated by a LIDAR at 532 nm, but in the model the aerosol 

extinction is measured with a transmission meter at 550 nm. Thus, the range equation for an 

IR-wavelength become: 

 

 
𝑑(𝜆, 𝑥) =

3.912

𝛽𝑚(𝜆, 𝑥) + 𝑅𝐼𝑅
𝑉

(𝜆) ∙ 𝜎𝑚𝑒𝑎𝑛
 (26) 
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5.2.2 Application in Action 

A graphical user interface has been constructed to guide a potential user to insert and choose 

parameter values for the range prediction of an EO-system.  

 

Step 1: The user chooses an EO-system (only a passive system can be chosen in this version) 

which operates in a specific wavelength band.  

 

Step 2: The user chooses the specific location, time, height and view direction for the 

operational place of the EO-system. The view direction is defined as zero degrees if the EO-

system direction is along flat ground. 

 

Figure 38: The user chooses an EO-system with a defined wavelength band. The wavelength band for SWIR is chosen in this 

example. 

Figure 39: The user inserts initial conditions for the operational  place and time for the EO-system. An example of initial 

conditions is inserted in the figure.  
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Step 3: The user chooses the initial condition for the target. If IR-wavelength is chosen for the 

EO-system, the suggestions of the targets temperature is shown. If VIS-wavelength is chosen 

for the EO-system, the targets reflection value is shown. 

 

 

 

Step 4: The user chooses the initial condition for the background. If IR-wavelength is chosen 

for the EO-system, suggestions of the background temperature is shown. If VIS-wavelength is 

chosen for the EO-system, the backgrounds reflection value is shown. 

 

 

The standard target and standard background are the same as a standard object, see Section 

2.4. 

 

Figure 40: The user chooses a target. When the chosen EO-system operates in IR a temperature is suggested with the object. 

The standard value is chosen in this example. 

Figure 41: The user chooses a background. . When the chosen EO-system operates in IR a temperature is suggested with the 

background. The standard background is chosen in this example. 
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Depending on the inserted and chosen parameters a resulting message window that tells the 

user how close or far away it’s chosen position is from the estimated range and a diagram of 

the estimated range is shown. 

 

 
Figure 42: The message window tells the user how close or far away the estimated range is calculated based on existing 

measurements from the satellite data. 

 

The application is, for the moment, only designed to estimate the range for detection by a 

passive EO-system, where the standard object has a contrast of 2%. The atmospheric impact 

on the radiation is done by the Rayleigh scattering and the appearance of aerosols. The 

appearance of clouds, wind velocity etc is not included in this model.  

 

  

Figure 43: A diagram of the estimated range for inserted and chosen initial condition is shown. The diagram shows the 

estimated range for the SWIR  wavelength band.  
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5.2.3 Four Cases of Range Estimation 

The estimated range for four cases is shown in Figure 43 and Figure 44. They have the same 

location [17.5E, 58N] and time (2016-12-04) but are at different heights (1 and 0.5 km) and 

have day- or nighttime condition.  

 

 

The range for daytime at 0.5 km is about 87% shorter than the range for daytime at 1 km.  

As seen in Figure 30 there is a clear layer of aerosols at 0.5 km compared to 1 km which is 

causing the reduction of the range. The longest range is for daytime at a height of 1 km and 

the shortest range is for daytime at a height of 0.5 km. Also, for the nighttime condition the 

longest range is at 1 km.   

 

 

 

 

 

 

 

Figure 44: Day (left) and nighttime (right) condition at a height of 1 km. Location [17.5E,58N] and time 2016-12-04. SD is 

the standard deviation. 

Figure 45: Day (left) and nighttime (right) condition at a height of 0.5 km. Location [17.5E,58N] and time 2016-12-04. SD 

is the standard deviation. 
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The estimated range for the four cases is shown in Figure 46. The relation between aerosol 

extinction and the range shows that higher concentrations of aerosols are causing a shorter 

range. 

 

 

  

Figure 46: The figure shows the relation between aerosol extinction and the range. The range at 1km is larger than at 0.5 km. 

. 
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6. Discussion 

The atmosphere (optical depth) is approximated to be homogenous over the distance from the 

standard object to the detector, which can cause problems, since the atmospheric properties can 

change at short distances. A more detailed model where the atmosphere is allowed to change 

for example in temperature and pressure over the distance may improve the resulting estimation 

of the range.  

 

The Mie theory is an approximation for single scattering and the application can be developed 

by using a theory for multiple scattering to improve the estimated range results. The particles 

are also assumed to be spherical, but aerosols can have complex geometries which need to be 

considered.    

 

The definition of 2% for the MRC is just a definition of how good the naked eye can distinguish 

an object from the background at a certain illumination. Can it be better for a computer? The 

scene section in the application can be developed to utilize the signature of an object and include 

the different levels of detection, recognition and identification instead of just using the 

minimum contrast. A deeper analysis of the signal to noise ratio also need to be considered for 

the detection of a target in a scene. 

 

The broad variation of existing satellites generates a high possibility to find satellites with 

measurements for all the important weather parameters for the prediction of EO-systems 

performance, even if the satellites weren’t designed to improve the prediction of EO-systems 

performance. The challenge is to have updated information from all satellites since they do not 

pass over the same area at the same time. This can be overcome for satellites placed in a GEO 

but that requires more advanced payloads compare to satellites placed in a LEO, since a GEO 

is further away from Earth. This problem can also be overcome by studying historical data over 

a long time to recognise the weather condition for the region of interest, when not near real time 

data is available.  

 

The EO-system section in the application can be developed by having a list of known EO-

system that can be used. The user can then choose between known EO-systems instead of 

manually inserting parameters for an EO-system. The application result is a range estimation, 

but it can change to inform the user which EO-system that should be used for a specific purpose 

(e.g. find a specific target to a specific background) at an operational place instead of informing 

the user about the range.  

 

The application should cover the whole EO-spectrum from UV to IR radiation, but investigation 

of how the weather impact on UV radiation were not studied in detail in this thesis and need 

further investigation.  

 

In the Section 5.2.3 the tested EO-system in the application showed an estimated range of nearly 

1600 km is unrealistic because the curvature of the earth comes into play before 1600 km. The 

horizon equation,  

 𝑠 = 3.57 ∙ √ℎ (27) 

 

where s [km] is the distance to the horizon and h [m] is the height above sea-level shows that it 

is possible to have a maximum range of 80 km at an altitude of 500 m and 113 km at an altitude 

of 1 km [52]. The horizon equation is based for the range by looking with the human eye (VIS 

radiation), the horizon may be further away for IR radiation and shorter for UV radiation. Since 
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the range become that far, the mean aerosol extinction values should or may not be the optimal 

satellite parameter to use in the application. The mean aerosol extinction values are estimated 

to be a ten power too small, compare to aerosol extinctions examples in MODTRAN. Therefore, 

it may be better to use the level 2 data which is reported with a momentarily value in the grid 

cell. The problem then become that the inserted GEO location by a user do not have any 

available satellite data.  

 

The IR-factor only worked for the Lövsättra model since the Normstorp model gave negative 

values. The negative values from the Normstorp model is caused by the pressure factor. The 

IR-factor was developed by measurements close to the ground, the model may not be the best 

to use in the application. Since the application should be possible to estimate the range for an 

EO-system within the height limit (0-15 km) and not only close to the ground. 
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7. Conclusions 

The large variation and amount of satellite data that is available on the internet indicate an 

excellent utilization possibility for the prediction of EO-systems performance. Nearly 170 

satellites have atmosphere and weather monitoring as their primary purpose. The selection 

process of satellite data resulted in the study of the satellite CALIPSOs lidar instrument 

CALIOP, which produce mean aerosol extinction values.  

 

CALIPSO measure aerosols which are categorize as clean marine, dust, polluted dust, clean 

continental, polluted continental and smoke. These aerosols appear to be located in layers, on 

a global scale below 5 km and with higher local concentrations at the nighttime condition. For 

the example local area [17.5E, 58N] in December 2016, the aerosols appear only below 1 km 

in daytime and at nighttime below 1 km and at a layer around 2.1 km.  

 

The mean aerosol extinction values were used in the developed application to predict the range 

for an EO-system. The tested EO-system with the wavelength band 0.9-2.5 µm showed a range 

reduction of nearly 87%, if it was in a layer of aerosols. The range prediction application, in its 

current form, only takes into account the presence of aerosols and the Rayleigh scattering of 

radiation that propagates in the atmosphere. 

 

The range prediction application that utilize satellite data can become a power full tool to 

estimate the range at specific places on Earth without visiting the place on the ground or at the 

lower part of the atmosphere.       
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8. Future Research 

In Table 3 22 satellites, for weather purposes including CALIPSO, is shown and the rest of the 

149 satellites for weather purposes are of interested to a more detailed investigation because 

they can have useful measurements for the parameters to predict the performance of EO-

systems. To do an integration between different satellites can also precise the performance of 

the EO-systems and the knowledge of the weather impact in EO-system even more.  

 

It would be useful to create a program or develop the application to give information about a 

specific case. If the time, area and purpose is chosen the program/application give you an 

answer of which  EO-system that can fulfil the purpose, instead of trying all the EO-systems 

that are available.  

 

More investigation of converting satellite parameters to parameters for the EO-system 

performance would be interesting and useful for the application to get a more precise 

estimation of the range.  

 

It would be interesting to investigate how long aerosols and/or clouds of aerosols stays in 

specific layers to develop a forecast model for the estimation of the range. It would also be 

interesting to study what is causing the aerosols to stay in specific layers and if there is an 

aerosol type that stays at a specific height interval in the atmosphere. The application could 

then be developed to suggest heights with the best range for a given EO-system.   

 

It would be interesting to compare the results from the application to measurements done by 

EO-systems in the height limit of the master thesis (0-15 km). 

 

Future research in the calculation of the mean aerosol extinction values need to be done too 

see why the mean aerosol extinction value become so small. Even more careful analysis of the 

errors in the satellite data will contribute to the validation of the results in the application.  
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10. Appendix A 

Countries included in the category Europe, in Figure 3, is listed below. Be aware that 

satellites with collaboration countries, for example France/USA, can be included in both 

stacks for Europe and USA. 

 

Civil satellites 
2005 

Belgium, Czech Republic, Denmark, ESA1, France, Germany, Greece, Italy, Luxembourg, 

Netherlands, Norway, Spain, Sweden and United Kingdom.  

 

Collaboration with countries outside Europe:  

ESA/USA, ESA/USA/Russia, France/USA, Germany/Morocco, Germany/USA and 

Turkey/France.  

 

2010 

Belgium, Czech Republic, Denmark, ESA, France, Germany, Greece, Italy, Luxembourg, 

Netherlands, Norway, Spain, Sweden, Switzerland and United Kingdom. 

 

Collaboration with countries outside Europe:  

ESA/USA, ESA/USA/Russia, France/USA, Germany/Morocco, Germany/USA and 

Turkey/France. 

 

2014 

Belgium, Denmark, ESA, Estonia, France, Germany, Greece, Hungary, Italy, Luxembourg, 

Netherlands, Norway, Spain, Sweden, Switzerland and United Kingdom. 

 

Collaboration with countries outside Europe:  

ESA/USA, ESA/USA/Russia, France/USA, Germany/Morocco, Germany/USA, India/France, 

Turkey/France and USA/United Kingdom/Italy. 

 

2017 

Belgium, Czech Republic, Denmark, ESA, Finland, France, Germany, Greece, Italy, Latvia, 

Lithuania, Luxembourg, Netherlands, Norway, Spain, Sweden, Switzerland and United 

Kingdom. 

 

Collaboration with countries outside Europe:  

ESA/USA, ESA/USA/Russia, France/Israel, France/USA, Germany/Morocco, 

Germany/USA, India/France, Turkey/France and USA/United Kingdom/Italy.  

 

Military satellites 
2005: Belgium, France, Italy, Portugal, Spain, United Kingdom 

2010: Belgium, France, Greece, Germany, Italy, Spain, United Kingdom 

2014: Belgium, France, Greece, Germany, Italy, Spain, United Kingdom 

2017: Belgium, France, Greece, Germany, Italy, Spain, United Kingdom 

 

                                                 
1 European Space Agency (ESA) members: Austria (1986), Belgium (1978), Czech Republic (2008), Denmark 

(1977), Estonia (2015), Finland (1995), France (1980), Germany (1977), Greece (2005), Hungary (2015), Ireland 

(1980), Italy (1978), Luxembourg (2005), Netherlands (1979), Norway (1986), Poland (2012), Portugal (2000), 

Romania (2011), Spain (1979), Sweden (1976), Switzerland (1976) and United Kingdom (1978).  
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11. Appendix B 

Coefficients for the Lövsättra Model (𝑏𝑖𝑘 = 0) 

 

 t ≤ -10 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 

0.69 1.09 -0.098 

0.80 1.04 -0.094 

0.91 0.89 0.52 

1.06 0.91 -0.060 

1.70 0.81 0.33 

2.16 1.00 0.089 

3.75 0.98 0.057 

4.73 0.77 0.32 

8.9 0.83 0.14 

9.3 0.83 0.39 

12.5 0.75 0.53 

 

-10 < t ≤ 0 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 

0.69 1.06 -0.055 

0.8 0.94 -0.017 

0.91 0.85 0.0038 

1.06 0.69 0.043 

1.70 0.62 0.019 

2.16 0.57 0.0047 

3.75 0.54 -0.0016 

4.73 0.45 0.039 

8.9 0.45 0.012 

9.3 0.41 0.0039 

12.5 0.39 0.0064 

 

0 < t ≤ 10 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 

0.69 0.94 -0.013 

0.8 0.88 -0.00028 

0.91 0.80 0.029 

1.06 0.69 0.050 

1.70 0.67 0.0047 

2.16 0.48 0.057 

3.75 0.43 0.066 

4.73 0.28 0.150 

8.9 0.35 0.055 

9.3 0.33 0.038 

12.5 0.36 0.023 
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t > 10 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 

0.69 0.78 0.042 

0.8 0.76 0.029 

0.91 0.81 -0.025 

1.06 0.70 0.006 

1.70 0.63 -0.061 

2.16 0.49 -0.029 

3.75 0.44 -0.032 

4.73 0.32 0.017 

8.9 0.36 -0.041 

9.3 0.19 0.029 

12.5 0.30 -0.017 

 

 

Coefficients for the Normstorp Model 

 

t ≤ -10 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 𝒃𝒊𝒌 [mbar -1] 

0.69 0.87 0.0016 0.0011 

0.8 0.85 -0.0021 0.011 

0.91 0.68 -0.0021 0.063 

1.06 0.78 -0.0034 0.019 

1.12 0.61 0.00078 0.073 

1.70 0.61 -0.0017 -0.018 

2.16 0.51 -0.0041 0.040 

3.75 0.48 -0.0035 0.021 

4.73 0.47 -0.0036 0.027 

8.9 0.38 -0.0025 0.067 

9.3 0.42 -0.0044 -0.0019 

12.5 0.34 -0.0076 0.091 

 

-10 < t ≤ 0 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 𝒃𝒊𝒌 [mbar -1] 

0.69 0.84 -0.00023 0.041 

0.8 0.78 -0.0020 0.053 

0.91 0.65 -0.0026 0.088 

1.06 0.69 -0.0011 0.044 

1.12 0.55 -0.0018 0.098 

1.70 0.44 -0.0048 0.065 

2.16 0.42 -0.0056 0.050 

3.75 0.39 -0.0054 0.047 

4.73 0.33 -0.0058 0.069 

8.9 0.35 -0.0049 0.070 

9.3 0.31 -0.0072 0.072 

12.5 0.29 -0.0064 0.10 
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0 < t ≤ 10 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 𝒃𝒊𝒌 [mbar -1] 

0.69 0.85 -0.00089 0.026 

0.8 0.73 -0.0016 0.056 

0.91 0.63 -0.0023 0.069 

1.06 0.64 0.0025 0.042 

1.12 0.61 0.0023 0.033 

1.70 0.44 -0.0015 0.025 

2.16 0.38 -0.0027 0.020 

3.75 0.39 -0.0014 -0.0078 

4.73 0.29 -0.0018 0.040 

8.9 0.38 0.00075 -0.023 

9.3 0.30 -0.0029 0.00087 

12.5 0.39 -0.00075 -0.0095 

 

t > 10 °C 

𝝀𝑶𝑳𝑨  [µm] 𝑹𝑽𝟎
𝒊𝒌   𝒂𝒊𝒌 [km] 𝒃𝒊𝒌 [mbar -1] 

0.69 0.83 -0.0032 0 

0.8 0.69 -0.0041 0 

0.91 0.59 -0.0029 0 

1.06 0.58 -0.0052 0 

1.12 0.46 -0.00064 0 

1.70 0.33 -0.00051 0 

2.16 0.33 -0.0038 0 

3.75 0.32 -0.0017 0 

4.73 0.21 0.0011 0 

8.9 0.31 -0.0019 0 

9.3 0.22 0.0025 0 

12.5 0.42 -0.0024 0 
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12. Appendix C 

14.1 NASA 

https://search.earthdata.nasa.gov/search 

 

You need to create an account and give out the information: Username, Password, First Name, 

Last Name, Email, Country, Affiliation and consenting that the U.S government have access to 

your computer, your computer network, all computers connected to this network including end 

user systems, all devices and storage media attached to this network or to any computer on this 

network and cloud and remote information service. You don’t need to verify your email.  

It is possible to get data from the instruments:  

 
• AIRS 

• AMSR2 

• AMSR-E 

• AMSU-A 

• ANEMOMETERS 

• AQUARIUS_RADIO

METER 

• AQUARIUS_SCATT

EROMETER 

• ASTER 

• AVHRR 

• AVHRR-2 

• AVHRR-3 

• BALANCE 

• BAROMETERS 

• CERES SCANNER 

• CERES-FM1 

• CHEMILUMINESCE

NCE 

• Computer 

• CORING DEVICES 

• DIGITIZER 

• ETM+ 

• GPS Receivers 

• HUMIDITY 

SENSORS 

• HYGROMETERS 

• InSitu 

• IRGA 

• LICOR QUANTUM 

SENSOR 

• LIDAR 

• MIR 

• MISR 

• MLS 

• MODIS 

• NET 

RADIOMETERS 

• NEXRAD 

• OMI 

• PYRANOMETERS 

• QUADRATS 

• RAIN GAUGES 

• SAR 

• SSM/I 

• SSMIS 

• Steel Measuring Tape 

• TES 

• THERMOCOUPLES 

• THERMOMETERS 

• TM 

• TMI 

• TOMS 

• VIIRS 

• VISSR 

• VISUAL 

OBSERVATIONS 

 

These instruments are included in these projects/missions: 

 
• 2013_AN_NASA 

• 2013_GR_NASA 

• ABoVE 

• Aqua 

• ATDD 

• Aura 

• BOREAS 

• CALIPSO 

• SAMEX-4 

• CARVE 

• CATS-ISS 

• Cantral Valley, CA 

• CERES 

• CMS 

• CWIC 

• DISCOVER 

• ERBE 

• FIFE 

• FIRE 

• GCPEx 

• GPM 

• Gulf of Fonseca, 

Honduras 

• Hayward Fault, CA 

• IPHEx 

• ISLSCP II 

• Kings Canyon, CA 

• La Selva, Costa Rica 

• LANCE 

• LBA-ECO 

• MC3E 

• MEaSUREs 

• MERRA 
• MERRA TIME-MEAN 

OBSERVATION 

• MERRA-2 

• MISR 

• NACP 

• NARSTO 

• NDH 

• Nimbus 

• NPP 

• NPP-JPSS 

• OCO 

• SAFARI 2000 

• SNF 

• SRB 

• TERRA 

• TES 

• TOMS 

• TRMM 

• vegetation 

 

https://search.earthdata.nasa.gov/search


62 

The delivering time for a data set of a chosen time and area varies from instrument to 

instrument. It can take from 10 minutes to 2 hours to get a specific data set. The most common 

file format of the data sets are HDF (Hierarchical Data Format, Version 4), HDF-EOS 

(Hierarchical Data Format - Earth Observation System) and HDF5 (Hierarchical Data Format, 

Version 5).  

 

14.2 ESA 

The process to access data from ESAs satellites varies and an account always need to be created. 

https://www.esa.int/Our_Activities/Observing_the_Earth/How_to_access_data  

 

Copernicus programme  

To access satellite data from the Copernicus programme you first need to choose a domain: 

http://copernicus.eu/data-access. A new account needs to be created for each domain.  

 

Atmosphere domain -> European Centre for Medium-Range Weather Forecasts (ECMWF): 

It is possible to get forecasts on reactive gases, aerosols, European air quality, ozone layer and 

CO2 without registration. To get data sets from Copernicus Atmospheric Monitoring Service 

(CAMS) you have to create an account and give out the information: First name, Last name, 

Email, Country and Sector. You need to verify your email address and get login information.  

The file format from ECMWF data sets are at Gridded Binary (GRIB) or Network Common 

Data Form (NETCDF) . The time to receive a data takes up to five days. The available data sets 

are mostly about aerosols and can be chosen from a catalogue. 

http://atmosphere.copernicus.eu/catalogue#/  

 

Satellite data domain -> European Organisation for the Exploitation of Meteorological 

Satellites (EUMETSAT):  

You need to create an account and give out the information: Username, Password, First Name, 

Last Name, Country, Email, Customer Organisation; Possible answers: Private Individual, 

National Institution, Researcher, Education, International Organisation, Commercial/small and 

medium enterprises (SME), Commercial/Other. You need to confirm you email with a sent 

code. Here you can receive data in near real-time from Meteosat, Metop, Jason and Copernicus 

Sentinel-3. Historical data can be received directly, but the near real-time data you need to do 

a payment between 40 and 100 euro depending on which satellite data you want to use. 

 

Other information from ESA: 

You can get data from Sentinel-1, Sentinel-2 and Sentinel-3 at https://scihub.copernicus.eu/ and 

an overview of what data sets you can access from the Copernicus programme can be found 

here http://www.copernicus.eu/data-access-satellite. 

 

14.3 SWEA 

https://swea.rymdstyrelsen.se/portal/  

The Space Administration in Sweden offers a free website to download data from ESA satellites 

when they pass over Sweden. The data are radar pictures from Sentinel-1 and optical pictures 

from Sentinel-2, Sentinel-3 and Landsat 8 (sea colour temperature, forest fire and desert 

scattering). The data from Sentinel-2 is updated every fifth day. The webpage shuts down the 

30:th of September due to the small growth by uses and the high cost for the page 

administration.  

 

 

  

https://www.esa.int/Our_Activities/Observing_the_Earth/How_to_access_data
http://copernicus.eu/data-access
http://atmosphere.copernicus.eu/catalogue#/
https://scihub.copernicus.eu/
http://www.copernicus.eu/data-access-satellite
https://swea.rymdstyrelsen.se/portal/
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14.4 Satellites path 

AGI offer a free program, System Tool Kit (STK) 11.3 to visualize satellites path. STK 11.3 

have a satellite data base of all the satellites both operational and non-operational. With the 

program can you see the satellite path over Earth in real time and for a chosen historical time.  

You need to create an account to download the program. The information you need to give out 

are: Email, Salutation, First Name, Last Name, Phone Number, Country, Organization, Street, 

City, Postal Code and answer the questions:  

 

• What best describes your organizational role?  Possible answers: 

Engineer/Analyst/Operator/Scientist, Developer/Integrator/System Administrator, 

Purchasing, Technical Lead/Manager, Program Manager/BD, Senior Executive, 

Media/Industry Association, Educator/Student and Hobbyist. 

• Primary Area of Interest? Possible answers: Air System, Ground Systems, Multi 

Domain, Naval Systems and Space Systems.  

• Secondary Area of Interest? Possible answers:  

Air System: Commercial Drones, Electronic System, Missile Systems, Remote Sensing 

and Imaging, Situational Awareness, Unmanned Traffic Management.  

Ground system, Multi Domains and Naval Systems: Electronic Systems, Missile 

Systems, Remote Sensing and Imaging, Situational Awareness.  

Space Systems: Electronic systems, Flight Dynamics systems, Missile systems, Remote 

Sensing and Imaging and Situational Awareness. 

• And what would you like to accomplish using AGI’s products? Free text by the user.  

 

After the registration you need to confirm your account and create a password before you can 

download STK 11.3. To download the STK 11.3 follow this link: 

http://www.agi.com/resources  

  

http://www.agi.com/resources
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14.5 General information about satellites 

 

UCS 

https://www.ucsusa.org/nuclear-weapons/space-weapons/satellite-database#.WqpqPOSpWfA 

Union of Concerned Scientists (UCS) have done a compilation about the 1738 (last update 7 

November 2017) active satellites. The list is free to download without any registration.  

The data base has information about:  

 

• Satellite Name,  

• Country of Operator, 

• Owner,  

• User (Civil or Military), 

• Purpose,  

• Class of Orbit and type of Orbit,  

• Perigee,  

• Apogee,  

• Eccentricity,  

• Inclination, 

• Period,  

• Launch mass, 

• Power,  

• Date of Launch,  

• Expected Lifetime,  

• Contractor,  

• Launch Site,  

• Launch Vehicle,  

• COSPAR Number and  

• NORAD Number 

 

Swedish National Space Board 

An overview of what satellites Sweden have sent up can be found here: 

http://www.snsb.se/Global/Sverige%20i%20Rymden/Satellitregister%202016%20april.pdf  

 

OSCAR 

https://www.wmo-sat.info/oscar/satellites  

Observing Systems Capability Analysis and Review Tool (OSCAR) have a list of all known 

past, current and planned future satellites for meteorological and Earth observation purposes. 

Today (2018-03-20) the list has 701 satellites registered. The list is free to download without 

any registration. The database has information about:  

 

• ID-number of satellites,  

• Acronym (Name of satellite), 

• Launch date (or expected launch 

date) 

• EOL (Expected end of life) 

• Name of the satellite program 

• Agency 

• Orbit 

• Altitude 

• Longitude (not all satellites) 

• Inclination (not all satellites) 

• ECT (Equatorial crossing time) 

• Status 

• Information of the attached 

instruments 

 

For some of the satellites a data access link is possible to find on the detail page of the satellite.   

 

 

 

 

 

 

 

 

https://www.ucsusa.org/nuclear-weapons/space-weapons/satellite-database#.WqpqPOSpWfA
http://www.snsb.se/Global/Sverige%20i%20Rymden/Satellitregister%202016%20april.pdf
https://www.wmo-sat.info/oscar/satellites
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13. Appendix D 

The satellites of interest are: 

 

1. NOAA-15 

2. Terra 

3. Aqua 

4. Aura 

5. PARASOL 

6. CloudSat 

7. CALIPSO 

8. GOES-15 

9. Suomi NPP 

10. GCOM-W1 

11. Spot 6 

12. Sentinel-1A 

13. Spot 7 

14. OCO-2 

15. ISS-CATS 

16. Sentinel-2 

17. Jason-3 

18. Sentinel-3A 

19. Sentinel-1B 

20. GOES-16 

21. Sentinel-5P 

22. NOAA-20 

 

These are a selection of satellites that may have an important role for the prediction of weather 

impact on EO-system. In the OSCAR satellite data base, it can be found that a lot more satellites 

that can be useful for the study of Earth atmosphere. Generally, many of the satellites are a part 

of a mission and the launch of the next generation satellites is often already planned. This is 

due to the short lifetime for a satellite which, today, only is around 1/2-15 years. 

 

Below follows some general information about the satellites of interest:  

 

NOAA-15 
Launched 1998-05-13 and the expected end of life is during 2018, if the technology does not 

last longer. The satellite was known as NOAA-K before reaching the final orbit. The satellite 

is placed in a sun-synchronous LEO and was designed to have a lifetime of 3 years. It is included 

in the Polar-Orbiting Environmental Satellite (POES) program for weather forecasting 

satellites. The satellite data can be downloaded from https://earthdata.nasa.gov  

Ref:www.nesdis.noaa.gov/content/history-noaa-satellites 2018-06-20. 

 

Terra 
Launched 1999-12-18 and the expected end of life is during 2018, if the technology does not 

last longer. The satellite is placed in a sun-synchronous polar LEO and was designed to have a 

lifetime of 6 years. Terra was the first satellite to be launched of the Earth Observation System 

(EOS) satellites. Terra’s purpose is to explore the relation between Earth’s atmosphere, land, 

ocean, snow, ice and energy balance to provide climate models. The satellite data can be 

downloaded from https://earthdata.nasa.gov  

Ref:https://terra.nasa.gov/ 2018-06-20. 

 

Aqua 
Launched 2002-05-04 and the expected end of life is during 2018, if the technology does not 

last longer. The satellite is placed in a sun-synchronous LEO and was designed to have a 

lifetime of 6 years. The satellite was the first member of the A-train constellation and it is a part 

of the EOS. Aqua’s purpose is to explore Earth’s water cycle. The satellite data can be 

downloaded from https://earthdata.nasa.gov  

Ref:https://aqua.nasa.gov 2018-06-20. 

 

https://earthdata.nasa.gov/
http://www.nesdis.noaa.gov/content/history-noaa-satellites
https://earthdata.nasa.gov/
https://terra.nasa.gov/
https://earthdata.nasa.gov/
https://aqua.nasa.gov/
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Aura 
Launched 2004-07-15 and the expected end of life is during 2018, if the technology does not 

last longer. The satellite is placed in a sun-synchronous LEO and was designed to have a 

lifetime of 6 years. The satellite was the second member of the A-train constellation. The 

purpose is to understand the changing chemistry of Earth atmosphere with focus on ozone. The 

satellite data can be downloaded from https://earthdata.nasa.gov  

Ref:https://aura.gsfc.nasa.gov/about.html 2018-06-25. 

 

PARASOL 
Launched 2004-12-28 and it stopped working 2013-12-18. It was the third satellite to be a part 

of the A-train constellation and was designed to have a lifetime of only 2 years, but it worked 

for nearly 9 years. The purpose was to study Earth’s atmosphere with focus on how clouds and 

aerosols impact on climate mechanisms. The satellite data can be downloaded from 

https://earthdata.nasa.gov  

Ref:https://directory.eoportal.org/web/eoportal/satellite-missions/p/parasol 2018-06-25. 

 

CloudSat 
Launched 2006-04-28 and it stopped working 2018-02-23. It was the fourth member of the A-

train constellation and was designed to have a lifetime of only 2 years, but it worked for nearly 

14 years. The satellite was launched on the same rocket as the satellite CALIPSO. CloudSat’s 

purpose was to observe clouds by a radar instrument. The satellite is today placed in an orbit 

underneath the A-train orbit and returned 2018-05-07 to do observations in daylight only. The 

satellite data before 2018-02-23 can be downloaded from https://earthdata.nasa.gov in netCDF 

data format. Satellite data after 2018-05-07 cannot, for the moment, be downloaded.  

Ref:https://cloudsat.atmos.colostate.edu/ 2018-06-25. 

 

CALIPSO 
Launched 2006-04-28 and the expected end of life is during 2018, if the technology does not 

last longer. It was the fifth member of the A-train constellation and was designed to have a 

lifetime of 3 years. The satellite was launched on the same rocket as the satellite CloudSat. 

CALIPSO’s primary purpose is to observe clouds and aerosols by a lidar instrument to provide 

models for Earth’s weather, climate and air quality. The satellite data can be downloaded from 

https://earthdata.nasa.gov   

Ref:https://www-calipso.larsc.nasa.gov/ 2018-06-25.  

 

GOES-15 
Launched 2010-03-04 and the expected end of life is during 2020. It is designed to have a 

lifetime of 10 years. The purpose is to observe Earth’s atmosphere and continuously give 

information about the weather. The satellite hover over one position since it is placed in a GEO 

and the satellite have a constant view over North and South America. The satellite data can be 

downloaded from https://earthdata.nasa.gov   

Ref:https://www.ospo.noaa.gov/Operations/GOES/index.html 2018-06-25. 

 

 

 

 

 

 

https://earthdata.nasa.gov/
https://aura.gsfc.nasa.gov/about.html
https://earthdata.nasa.gov/
https://directory.eoportal.org/web/eoportal/satellite-missions/p/parasol
https://earthdata.nasa.gov/
https://cloudsat.atmos.colostate.edu/
https://earthdata.nasa.gov/
https://www-calipso.larsc.nasa.gov/
https://earthdata.nasa.gov/
https://www.ospo.noaa.gov/Operations/GOES/index.html
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Suomi National Polar-orbiting Partnership (NPP) 
Launched 2011-10-28 and the expected end of life is during 2018, if the technology does not 

last longer. It was placed in a polar LEO and was designed to have a lifetime of 5 years. It was 

the first satellite of the Joint Polar Satellite System program (JPSS). The second satellite in the 

program is NOAA-20 (read below), the third satellite is planned to be launched 2021 and it is 

called JPSS-2. Suomi NPP’s purpose is to provide global measurements of the atmospheric, 

terrestrial and oceanic conditions. The satellite data can be downloaded from 

https://earthdata.nasa.gov   

Ref:http://www.jpss.noaa.gov/mission_and_instruments.html 2018-07-01. 

 

GCOM-W1 “SHIZUKU” 
Launched 2012-05-17 and the expected end of life is during 2018, if the technology does not 

last longer. It was the sixth member of the A-train constellation and was designed to have a 

lifetime of 5 years. The satellite is also a part of the Global Change Observation Mission 

(GCOM) and have the purpose to observe the water circulation mechanism on Earth. The 

satellite data can be downloaded from https://earthdata.nasa.gov  

Ref:https://global.jaxa.jp/projects/sat/gcom_w/index.html 2018-06-25. 

 

Spot 6 
Launched 2012-09-09 and the expected end of life is during 2022. It is designed to have a life 

of 10 years. The satellite shares the orbit together with the Pleiades constellation. The purpose 

is to produce images of Earth and the primary payload have a resolution of 1.5x6 meters in four 

spectral bands (blue, green, red and NIR). The images are used in applications for the energy 

industry, engineering and constructions, defence and security etc. But the images are also used 

in environmental monitoring and for climate change models. The data can be downloaded from 

https://earth.esa.int/web/guest/-/spot-6-and-7-archive-and-new but to access data a project 

proposal need to be accepted.   

Ref:https://www.satimagingcorp.com/satellite-sensors/spot-6/  2018-08-06. 

 

Sentinel-1A 
Launched 2014-04-03 and the expected end of life is during 2021. The satellite is designed to 

have a lifetime of 7 years. It is placed in a sun-synchronous LEO and is a part of the Copernicus 

constellation for EU’s contribution to Global Earth Observation System of Systems (GEOSS). 

The purpose is to provide all-weather and day-and-night images of Earth’s surface by a radar 

instrument. The satellite data can be downloaded from:  

https://scihub.copernicus.eu/dhus/#/home 

 Ref:https://www.esa.int/Our_Activites/Observing_the_Earth/Copernicus/Sentinel-

1/Introducing_Sentinel-1 2018-06-25. 

 

Spot 7 
Launched 2014-06-30 and the expected end of life is during 2024. It is designed to have a life 

time of 10 years. The satellite shares the orbit together with the Pleiades constellation. The 

purpose is to produce images of Earth and the primary payload have a resolution of 1.5x6 meters 

in four spectral bands (blue, green, red and NIR). The images are used in applications for the 

energy industry, engineering and constructions, defence and security etc. But the images are 

also used in environmental monitoring and for climate change models. The data can be 

downloaded from https://earth.esa.int/web/guest/-/spot-6-and-7-archive-and-new but, as for 

Spot 6, to access data a project proposal need to be accepted.  

Ref:https://www.satimagingcorp.com/satellite-sensors/spot-7/ 2018-08-06.  

https://earthdata.nasa.gov/
http://www.jpss.noaa.gov/mission_and_instruments.html
https://earthdata.nasa.gov/
https://global.jaxa.jp/projects/sat/gcom_w/index.html
https://earth.esa.int/web/guest/-/spot-6-and-7-archive-and-new
https://www.satimagingcorp.com/satellite-sensors/spot-6/
https://scihub.copernicus.eu/dhus/#/home
https://www.esa.int/Our_Activites/Observing_the_Earth/Copernicus/Sentinel-1/Introducing_Sentinel-1
https://www.esa.int/Our_Activites/Observing_the_Earth/Copernicus/Sentinel-1/Introducing_Sentinel-1
https://earth.esa.int/web/guest/-/spot-6-and-7-archive-and-new
https://www.satimagingcorp.com/satellite-sensors/spot-7/
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OCO-2 
Launched 2014-07-02 and the expected end of life is during 2018, if the technology does not 

last longer. It is the seventh member of the A-train constellation and was designed to have a 

lifetime of 2 years. The purpose is to measure the change of carbon dioxide in Earth’s 

atmosphere. The satellite data can be downloaded from https://earthdata.nasa.gov   

Ref:https://oco.jpl.nasa.gov/ 2018-06-25. 

 

ISS-CATS 
Launched 2015-01-10 and it stopped working 2017-10-30. It had a designed life of only 6 

months but collected data for 33 months. The primary payload was a  lidar (with wavelengths 

at 532 and 1064 nm) instrument to provide near-real time measurements of aerosols and clouds. 

The instrument was sent up and attached to the international space station (ISS). The satellite 

data can be downloaded from https://earthdata.nasa.gov  

Ref:https://cats.gsfc.nasa.gov/ 2018-08-06. 

 

Sentinel-2A 
Launched 2015-06-23 and the expected end of life is during 2022. It is designed to have a 

lifetime of 7 years. Together with Sentinel-2B the constellation covers the whole Earth for day 

light condition in only 5 days. The purpose with its  primary payload MSI, which has 13 spectral 

bands, is to monitoring agriculture, forests, land-use change and mapping disaster areas. 

Telemetry data is transmitted from Kiruna in Sweden. The satellite data can be downloaded 

from https://scihub.copernicus.eu/dhus/#/home 

Ref:https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-

2/Satellite_constellation 2018-07-31. 

 

Jason-3 
Launched 2016-01-17 and the expected end of life is during 2021. It is designed to have a 

lifetime of 5 years. The satellite is placed in a LEO, one minute behind Jason-2, and have the 

capability to observe the same place every 9.9 day. The purpose is to measure the sea surface 

height, study hurricanes and monitor the ocean weather.  The satellite data can be downloaded 

from https://earthdata.nasa.gov   

Ref:https://www.nesdis.noaa.gov/jason-3/mission.html  2018-08-01. 

 

Sentinel-3A 
Launched 2016-02-16 and the expected end of life is during 2023. It is designed to have a 

lifetime of 7 years. Together with Sentinel-3B (launched 2018-04-25) the constellation covers 

the whole Earth in only two days. The purpose is to monitor and understand the large-scale 

global dynamics over land and oceans. The satellite data can be downloaded from 

https://scihub.copernicus.eu/dhus/#/home  

Ref:https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-

3/Introducing_Sentinel-3 2018-08-01 

 

 

 

 

 

 

 

 

https://earthdata.nasa.gov/
https://oco.jpl.nasa.gov/
https://earthdata.nasa.gov/
https://cats.gsfc.nasa.gov/
https://scihub.copernicus.eu/dhus/#/home
https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-2/Satellite_constellation
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Sentinel-1B 
Launched 2016-04-25 and the expected end of life is during 2023. It is designed to have a 

lifetime of 7 years. It is placed in the same LEO as Sentinel-1A but 180 degrees apart. Together 

with Sentinel-1A the satellites cover the whole Earth every sixth day. The purpose is to provide 

all-weather and day-and-night images of Earth’s surface by the primary radar instrument. The 

satellite data can be downloaded from https://scihub.copernicus.eu/dhus/#/home  

Ref:https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-

1/Introducing_Sentinel-1 2018-06-25.   

 

GOES-16 
Launched 2016-11-19 and the expected end of life is during 2027. It is designed to have a 

lifetime of 20 years. It is also known as GOES-East and was the first satellite in the GOES-R 

series. It has a purpose to observe Earth’s atmosphere and continuously give information about 

the weather. The satellite is placed in a geostationary orbit  viewing the hemisphere over North 

and South America. The satellite data can be downloaded from https://earthdata.nasa.gov   

Ref:https://www.nesdis.noaa.gov/GOES-R-Series-Satellites 2018-08-06. 

 

Sentinel-5P 
Launched 2017-10-13 and the expected end of life is during 2024. The purpose is to monitor 

the atmosphere with focus on the ozone layer, air pollution and air quality. The primary 

instrument, TROPOMI, has a resolution of 7x3.5 km and covers the whole Earth every 24 

hours. The satellite follows the same orbit as Suomi-NPP, but 3.5 minutes behind. The satellite 

data can be downloaded from https://scihub.copernicus.eu/dhus/#/home 

Ref:https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-

5P/Copernicus_Sentinel-5P_releases_first_data 2018-08-01. 

 

NOAA-20 
Launched 2017-11-18 and the expected end of life is during 2024. It is designed to have a 

lifetime of 7 years. It is the second satellite in the JPSS program and was called JPSS-1 before 

it reached final orbit. It is placed in the same polar LEO as Suomi NPP but with a separation of 

50 minutes. NOAA-20 have the same purpose as Suomi NPP which is to provide global 

measurements of the atmospheric, terrestrial and oceanic conditions. The satellite data can be 

downloaded from https://earthdata.nasa.gov 

Ref:http://www.jpss.noaa.gov/mission_and_instruments.html 2018-07-01. 
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14. Appendix E 

In the following table the names of the satellites payloads and a short description of the 

payloads purpose or measured parameter is explained. 

 
Table 9: Satellites payload and their purposes [13]. 

Instrument Satellite Full name Parameter/Target purpose 

OCO-2 OCO Orbiting Carbon 

Observatory 
𝐶𝑂2 profile 

GCOM-W1 AMSR-2 Advanced Microwave 

Scanning Radiometer - 

2 

Integrated water vapour (IWV), 

sea-ice cover, precipitation 

intensity at surface (liquid or 

solid), snow cover, sea surface 

temperature, wind speed over the 

surface (horizontal) 

Aqua MODIS Moderate-resolution 

Imaging Spectro-

radiometer 

Cloud cover, cloud optical depth, 

cloud top height, cloud top 

temperature, cloud type 

Aqua AIRS Atmospheric Infra-Red 

Sounder 

Atmospheric temperature, height 

of the top of tropopause, IWV, 

specific humidity 

Aqua AMSR-E Advanced Microwave 

Scanning Radiometer 

Precipitation intensity at surface, 

sea surface temperature, sea-ice 

cover, wind speed over the surface 

(horizontal), biomass 

Aqua AMSU-A Advanced Microwave 

Sounding Unit -A 

Atmospheric temperature, cloud 

ice, cloud liquid water, freezing 

level height in clouds, IWV 

Aqua CERES Clouds and the Earth’s 

Radiant Energy System 

Upward long-wave irradiance at 

the top of the atmosphere (TOA), 

Upward short-wave irradiance at 

TOA 

Aqua HSB Humidity Sounder for 

Brazil 

Specific humidity, IWV, 

precipitation at surface (liquid or 

solid), downward long wave 

irradiance at Earth surface, upward 

long-wave irradiance at Earth 

surface 

Aura MLS Microwave Limb 

Sounder 

Chemistry of high atmosphere. 

𝐵𝑟𝑂, 𝑁𝑂2, 𝐶𝑂, 𝐻2𝑂, 𝐻𝐶𝑙, 𝐻𝐶𝑁, 

𝐻𝑁𝑂3, 𝐻𝑂2, 𝐻𝑂𝐶𝑙, 𝑂3, 𝑂𝐻, 𝐶𝑙𝑂 

and 𝑆𝑂2 

Aura OMI Ozone Monitoring 

Instrument 
𝑂3, 𝐵𝑟𝑂, 𝑁𝑂2, 𝑂𝐶𝑙𝑂, 𝑆𝑂2 and 

aerosol types 

Aura TES-limb Tropospheric Emission 

Spectrometer 

Atmospheric chemistry 

Aura TES-nadir Tropospheric Emission 

Spectrometer 

Atmospheric chemistry 
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CloudSat CPR Cloud Profiling Radar  Cloud base height, cloud drop 

effective radius, cloud ice, cloud 

ice effective radius, cloud liquid 

water, freezing level height in 

clouds, melting layer depth in 

clouds 

CALIPSO CALIOP Cloud-Aerosol Lidar 

with Orthogonal 

Polarisation 

Cloud top height, cloud optical 

depth, height of the tropopause, 

aerosol optical depth, aerosol 

column burden, aerosol effective 

radius, aerosol mass mixing ratio 

and aerosol type 

CALIPSO IIR Imaging Infrared 

Radiometer 

Cloud cover, cloud top height, 

cloud top temperature, IWV, land 

surface temperature, wind 

(horizontal) 

CALIPSO WCF Wide-Field Camera Fire fractional cover, glacier cover, 

sea-ice cover, snow cover, cloud 

cover 

PARASOL POLDER Polarization and 

Directionality of Earth’s 

Reflectance 

Earth surface albedo, aerosol 

optical depth, aerosol burden, 

aerosol effective radius, aerosol 

mass mixing ratio, aerosol type 

Terra MISR Multi-angle Imaging 

Spectro-Radiometer 

Earth surface albedo, cloud optical 

depth, Earth surface short-wave 

bidirectional reflectance, short-

wave cloud reflectance, wind 

(horizontal) 

Terra CERES Clouds and the Earth’s 

Radiant Energy System 

Upward long-wave irradiance at 

the TOA, Upward short-wave 

irradiance at TOA 

Terra MODIS Moderate-resolution 

Imaging Spectro-

radiometer 

Cloud cover, cloud optical depth, 

cloud top height, cloud top 

temperature, cloud type 

Terra MOPITT Measurement of 

Pollution In The 

Troposphere 

Atmospheric chemistry. 

𝐶𝑂 (profile) and 𝐶𝐻4 

Terra ASTER Advanced Space borne 

Thermal Emission and 

Reflection radiometer 

High-resolution land and 

vegetation observation. Biomass, 

leaf area index, normalised 

difference vegetation index, fire 

fractional cover and fraction of 

vegetated land 

Sentinel-1A SAR-C Synthetic Aperture 

Radar (C-band) 

Sea-ice cover, glacier cover, 

glacier motion, glacier topography, 

fire fractional cover, fraction of 

vegetated land, land surface 

topography 

Sentinel-1B SAR-C Synthetic Aperture 

Radar (C-band) 

Sea-ice cover, glacier cover, 

glacier motion, glacier topography, 
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fire fractional cover, fraction of 

vegetated land, land surface 

topography 

Sentinel-2A MSI Multi-Spectral Imager High-resolution land observation, 

vegetation, territory management 

and hazards mitigation 

Sentinel-3A MWR Micro-Wave 

Radiometer 

Water vapour correction for the 

radar altimeter (SRAL) 

Sentienl-3A SRAL Synthetic aperture 

Radar Altimeter 

Ocean and ice topography, wind 

speed on sea surface, geoid, 

gravity field 

Sentinel-3A OLCI Ocean and Land Colour 

Imager 

Ocean colour, vegetation, aerosol 

and cloud properties. Ocean 

chlorophyll concentration, colour 

dissolved organic matter, aerosol 

optical depth, aerosol burden, 

biomass, cloud cover, cloud top 

height 

Sentinel-3A SLSTR Sea and Land Surface 

Temperature 

Radiometer 

Multi-purpose VIS/IR imagery, 

with emphasis on very accurate 

surface temperature for climate. 

Cloud cover, cloud optical depth, 

cloud top height, cloud top 

temperature, cloud type 

Sentinel-5P TROPOMI Tropospheric 

Monitoring Instrument 
Atmospheric chemistry. 𝐵𝑟𝑂, 

𝐶𝐻4, 𝐶𝑂, 𝐶𝑙𝑂, 𝐻2𝑂, 𝐶𝑂2, 𝐻𝐶𝐻𝑂, 

𝑁2𝑂, 𝑁𝑂, 𝑁𝑂2, 𝑁𝑂3, 𝑂2, 𝑂3, 𝑂4,  

𝑆𝑂2 and aerosols 

ISS-CATS CATS Cloud-Aerosol 

Transport System 

Aerosol optical depth, aerosol 

column burden, aerosol effective 

radius, aerosol mass mixing ration, 

aerosol type, cloud top height, 

height of the tropopause, cloud 

optical depth, Polar Stratospheric 

Clouds (PSC) occurrence, height 

of the planetary boundary level 

(PBL) 

NOAA-15 HIRS/3 High-resolution Infra-

Red Sounder/3 

Atmospheric temperature, IWV, 

specific humidity, cloud top 

height, cloud top temperature, land 

surface temperature, sea surface 

temperature, cloud cover 

NOAA-15 AMSU-A Advanced Microwave 

Sounding Unit – A. 

Temperature sounding in nearly-

all-weather conditions. 

Atmospheric temperature, IWV, 

cloud liquid water, cloud drop 

effective radius, cloud ice, freezing 

level height in clouds 

NOAA-15 AMSU-B Advanced Microwave 

Sounding Unit – B. 

Humidity sounding in nearly-all-

weather conditions. Specific 
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humidity, cloud ice, IWV, cloud 

ice effective radius, cloud drop 

effective radius 

NOAA-15 AVHRR/3 Advanced Very High-

Resolution 

Radiometer/3 

Cloud cover and type in VIS, NIR, 

SWIR, MWIR and TIR channels, 

Sea-ice cover, leaf area index 

NOAA-20 ATMS Advanced Technology 

Microwave Sounder 

Atmospheric temperature, specific 

humidity, IWV, cloud ice, cloud 

liquid water, cloud drop effective 

radius 

NOAA-20 CrIS Cross-track Infrared 

Sounder 

Cloud top temperature, sea surface 

temperature, atmospheric 

temperature, height of the top of 

planetary boundary level, height of 

the tropopause, IWV, specific 

humidity 

NOAA-20 OMPS-nadir Ozone Mapping and 

Profile Suite 

Atmospheric chemistry. Ozone 

profile, 𝐵𝑟𝑂, 𝐶𝑙𝑂, 𝐻𝐶𝐻𝑂, 𝑁𝑂, 

𝑁𝑂2 and 𝑆𝑂2 

NOAA-20 VIIRS Visible/Infrared Imager 

Radiometer Suite 

Cloud cover, cloud type, cloud top 

temperature, leaf area index, IWV, 

imagery ocean colour 

NOAA-20 SSJ5 Special Sensor 

Precipitating Electron 

and Ion Spectrometer 

Measurement of transfer energy, 

mass and momentum of charged 

particles through the 

magnetosphere-ionosphere in the 

Earth’s magnetic field 

NOAA-20 CERES Clouds and the Earth’s 

Radiant Energy System 

Earth radiation budget. Upward 

short-wave irradiance at TOA, 

upward long-wave irradiance at 

TOA 

Suomi NPP CERES Clouds and the Earth’s 

Radiant Energy System 

Earth radiation budget. Upward 

short-wave irradiance at TOA, 

upward long-wave irradiance at 

TOA 

Suomi NPP ATMS Advanced Technology 

Microwave Sounder 

Atmospheric temperature, specific 

humidity, IWV, cloud ice, cloud 

liquid water, cloud drop effective 

radius 

Suomi NPP CrIS Cross-track Infrared 

Sounder 

Cloud top temperature, sea surface 

temperature, atmospheric 

temperature, height of the top of 

PBL, height of the tropopause, 

IWV, specific humidity 

Suomi NPP OMPS-limb Ozone Mapping and 

Profile Suite 

Atmospheric chemistry. Ozone 

profile, 𝐵𝑟𝑂, 𝐶𝑙𝑂, 𝐻𝐶𝐻𝑂, 𝑁𝑂, 

𝑁𝑂2 and 𝑆𝑂2 

Suomi NPP OMPS-nadir Ozone Mapping and 

Profile Suite 

Atmospheric chemistry. Ozone 

profile, 𝐵𝑟𝑂, 𝐶𝑙𝑂, 𝐻𝐶𝐻𝑂, 𝑁𝑂, 

𝑁𝑂2 and 𝑆𝑂2 
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Suomi NPP VIIRS Visible/Infrared Imager 

Radiometer Suite 

Cloud cover, cloud type, cloud top 

temperature, leaf area index, IWV, 

imagery ocean colour 

Spot 6 and 7 NAOMI  New AstroSat Optical 

Modular Instrument 

Fire fractional cover, fraction of 

vegetated land, leaf area index, 

land cover, biomass, glacier cover, 

snow cover 

GOES-15 IMAGER GOES Imager Aerosol volcanic ash, cloud top 

temperature, fire fractional cover, 

fire radiative power, cloud cover, 

cloud top height, cloud type, IWV 

GOES-15 MAG Magnetometer Observation of the geomagnetic 

field in the magnetosphere 

GOES-15 SOUNDER GOES Sounder Atmospheric temperature, specific 

humidity, IWV, sea surface 

temperature, cloud top height, 

cloud top temperature 

GOES-15 SXI Solar X-ray Imager Solar X-ray flux, solar x-ray image 

GOES-15 XRS-EUV X-ray Sensor – Extreme 

Ultra-Violet (EUV) 

Sensor 

Solar EUV flux, solar X-ray flux 

GOES-16 ABI Advanced Baseline 

Imager 

Cloud cover, aerosol volcanic ash, 

cloud type, cloud optical depth, 

cloud top height, cloud top 

temperature 

GOES-16 EXIS Extreme Ultraviolet 

Sensor/ X-Ray Sensor 

Irradiance Sensors 

Solar EUV flux, solar X-ray flux 

GOES-16 GLM Geostationary 

Lightning Mapper 

Lightning detection 

GOES-16 MAG Magnetometer Observation of the geomagnetic 

field in the magnetosphere 

GOES-16 SUVI Solar Ultraviolet Imager Solar EUV image, solar EUV 

image 

Jason-3 Poseidon-3 Poseidon-3 Ocean topography, significant 

wave height, wind speed, geoid, 

gravity field 

Jason-3 AMR Advanced Microwave 

Radiometer 

IWV correction for Poseidon-3 
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15. Appendix F 

AERONET – AErosol RObotic NETwork  

AOD – Aerosol Optical Depth 

APro –  Aerosol Product 

A-Train –  After noon constellation 

CALIOP –  Cloud-Aerosol LIdar with Orthogonal Polarization 

CALIPSO –  Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation 

CAPS –  Calipso Automated Processing System 

CNES –  Centre National d’Études Satiales (National Centre for Space Studies) 

CSA – Canadian Space Agency 

CTF –  Contrast Threshold Function 

DMS –  Data Management System 

E –  East 

EC –  European Commission 

ECMWF –  European Center for Medium-range Weather Forecasts 

ECT –  Equatorial Crossing Time 

EO-systems – Electro-Optical sensor systems 

EOL –  Expected end Of Life 

EOS – Earth Observation System 

ESA –  European Space Agency 

EUMETSAT – EUropean organisation for the exploitation of METeorological SATellites 

FIR –  Far Infrared Radiation 

FOI –  Swedish Defence Research Agency 

FOV –  Field of View  

GCOM –  Global Change Observation Mission 

GEO –  Geostationary Earth Orbit 

GEOS-5 –  Goddard Earth Observing System-5 

GEOSS- Global Earth Observation System of Systems 

GMAO –  Global Modeling and Assimilation Office 

GPS –  Global Positioning System 

GRIB –  GRIdded Binary  

Hdf –  Hierarchal Data Format 

HEO –  Highly Elliptical Orbit 

HERA –  Hybrid Extinction Retrieval Algorithm 

IFM – Department of Physics, Chemistry and Biology at Linköping University 

IR –  Infrared Radiation 

IIR –  Imaging Infrared Radiometer 

IWV –  Integrated Water Vapor 

JAXA –  Japan Aerospace Exploration Agency 

JPSS – Joint Polar Satellite System 

LEO –  Low Earth Orbit 

LIDAR –  LIght Detection And Ranging 

LWIR –  Long Wave Infrared Radiation 

MATISSE –  Modélisation Avancée de la Terre pour l’Imagerie et la Simulation des Scènes et 

de leur Environnement (Advanced Earth Modeling for Imaging and Scene Simulation) 

MEO –  Medium Earth Orbit 

MODTRAN – MODerate resolution atmospheric TRANsmission 

MRC – Minimum Resolvable Contrast 

MRTD – Minimum Resolvable Temperature Difference 
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MWIR –  Mid Wave Infrared Radiation 

N –  North 

NASA –  National Aeronautics and Space Administration 

NETCDF –  NETwork Common Data Form 

NIR –  Near InfraRed radiation 

NOAA –  National Oceanic Atmospheric Administration 

NORAM –  Aerosoldämpningsmodell för skandinavisk miljö  

NSO –  Netherlands Space Office 

OSCAR –  Observing Systems Capability Analysis and Review tool 

PBL –  Planetary Boundary Level 

POES –  Polar-Orbiting Environmental Satellite 

PSC –  Polar Stratospheric Clouds 

Roscosmos – Roscosmos State Corporation for Space Activities (Russian Space Agency) 

S –  South 

SSO –  Sun-Synchronous Orbit 

STK –  System Tool Kit 

SWIR –  Short Wave Infrared Radiation 

TIR –  Thermal Infrared Radiation 

TOA – Top Of the Atmosphere 

UAV – Unmanned Aerial Vehicle 

UNOOSA –  United Nation Office of Outer Space Affairs  

UCS –  Union of Concerned Scientists 

UV –  UltraViolet radiation 

VIS –  VISible radiation 

W –  West 

WFC –  Wide Field Camera 

 


