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CO2 in atmosphere







As ancient solar 

energy builds up 

civilization, the 

energy carrier, 

CO2, builds up in 

atmosphere. 







CO2 emission development





We had 400 ppm CO2 in 3 mil 
years ago. Climate was 
warmer 2-3 degrees and 
ocean was higher 20 m.



11-2009





11-2009



During Earth fauna mass extinction, the ruling species have disappeared.



Climate 
change and 
microwave 
EO
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North is dark…



….and cloudy

MODIS Arctic time lapse (Pekka Laurila)



European 
workhorses 
in space





CryoSat-2

Measures ice thickness 

Active Ku-band (13,7 GHz) advanced radar system

Launched 2010

Polar orbit (inclination 92º)

Period 99 min

Altitude 720 km

Mass 720 kg

Image: ESA



Advanced 

interferometric 

radar mode.



Image: ESA

Active Microwave 

Instrument

Measures ice thickness 

Ku-band (13,7 GHz) 

Radar altimeter 

Dedicated for distance 

measurements

Three different 

measurement modes



Synthetic Aperture Radar (SAR)
Sentinel-1

5 GHz SAR

Launched 2014



Ice Cover 
and ice 
extent





The sea ice thickness from SMOS

University of Hamburg / KlimaCampus / CliSAP / Institute of 

Oceanography





SAR in lake ice classification



Glaciers



Jakobshavn Glacier flow



Credit: ESA



Greenland





Credit: DMI Polar Portal.



Antarctica
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SAR interferometry in height detection



Ice Motion from 
Passive Microwave: 
SMMR, SSM/I, 
SSMIS, and AMSR-E



Perma-
frost



Credit: ESA



Gas emission craters

https://doi.org/10.3390/rs9101023

https://doi.org/10.3390/rs9101023


Surface changes

SAR Interferometry

InSAR

DINSAR 

https://doi.org/10.5194/piah
s-382-183-2020



Large‐scale InSAR monitoring of 

permafrost freeze‐thaw cycles on the 

Tibetan Plateau
Simon Daout

Marie‐Pierre Doin

Gilles Peltzer

Anne Socquet

Cécile Lasserre

First published: 09 January 2017

https://doi.org/10.1002/2016GL070781

Citations: 33
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Sentinel-1 SAR Interferometry for Surface Deformation 

Monitoring in Low-Land Permafrost Areas
Tazio Strozzi, Sofia Antonova, Frank Günther, Eva Mätzler,Gonçalo

Vieira,Urs Wegmüller,Sebastian Westermann and Annett Bartsch

https://doi.org/10.3390/rs10091360

https://doi.org/10.3390/rs10091360




Ocean
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Average of 3 days ending: 2015/02/03, 
WindSat, version 7.0.1
Surface Wind Speed (m/s)







Floods



Guy J.-P. Schumann, Delwyn K. Moller,

Microwave remote sensing of flood inundation,

Physics and Chemistry of the Earth, Parts A/B/C,

Volumes 83–84,

2015,

Pages 84-95,

ISSN 1474-7065,

https://doi.org/10.1016/j.pce.2015.05.002.

(http://www.sciencedirect.com/science/article/pii/S1474706515000406)



Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long

F L O O D  S I T U A T I O N

Y A NKT O N,  U S A
Event ID: 103068, taken on 3/19/2019 
5:32:31 PM (UTC)
Sensor Mode: LEFT_26.6
Orbit Direction: DESCENDING
Look Angle: 26.2
Center coordinates (LAT, LON): 42.9044, 
-97.3614



Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long



Microwave Radar and Radiometric Remote Sensing, by Ulaby and Long

F L O O D  S I T U A T I O N

Y A NKT O N,  U S A
Event ID: 103068, taken on 3/19/2019 
5:32:31 PM (UTC)
Sensor Mode: LEFT_26.6
Orbit Direction: DESCENDING
Look Angle: 26.2
Center coordinates (LAT, LON): 42.9044, 
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Droughts



Global

Soil Moisture



Land-
slides



Credit: ESA
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Failure mechanism and kinematics of the deadly June 24th 2017 Xinmolandslide, Maoxian, Sichuan, China
Article
Full-text available
Oct 2017
XuanmeiFan
QiangXu
Gianvito Scaringi[...]
Hans-Balder Havenith



Atmosphere



Microwave Radiometer (MWR) by Radiometrics.

Water vapor and liquid water measurements at frequencies: 23.8 and 31.4 GHz 









Average of 3 days ending: 2015/02/03, 
WindSat, version 7.0.1
Cloud Liquid Water(mm)



Average of 3 days ending: 2015/02/03, 
WindSat, version 7.0.1
Atmospheric Water Vapor (mm)



Average of 3 days ending: 2015/02/03, 
WindSat, version 7.0.1
Surface Wind Speed (m/s)



Debunking 
Q&A



There is no change!
There is.





Not our fault?
Is not a relevant question





We cannot do 
anything!
Only we can. This is our only hope. 



Greta Thunberg





It is good that it will 
get warmer!
To certain extent, but even this is very expensive. 













61°13′N, 149°54′W, Anchorage · Alaska



Is it all money and 
conspiracy?



Base your actions on facts 
and you might have a 
chanche to affect the reality.
. 



What to do?



Let’s think some actions!

• Fusion reactor research. Civilization needs clean energy.

• Promote nuclear power, promote Onkalo. 

• Better legislation for nuclear waste transport.

• Solar energy. 

• Energy storage. Hydrogen technologies?

• Better waste management.

• Alternatives for concrete.

• CO2 capture. 

• Vote the right people!



Let’s think some actions!

• Education, especially girls and women. 

• European green deal. Taxation and carbon trade.

• Promoting the big picture thinking. 


