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Key Message points 

Å Existing approaches to satellite manufacture and deployment are too expensive for 
continuous climate monitoring from space, despite the economic importance of such 
observations. 

Å Cubesats enable a vision for low cost monitoring of the Earth, coupled with 
advanced sensor miniaturization.  

Å Global leadership in climate science and expertise in small satellites, including 
Cubesats, put the UK  in a unique position to show the way for doing big science 
constructed from small building blocks. 

Å The world needs a developed system that has sufficient capabilities to carry a 
science payload, maintain orbit for 3 years, pointable to around a degree.  

Å ¢ƘŜ 9ŀǊǘƘΩǎ ǊŀŘƛŀǘƛƻƴ ōǳŘƎŜǘ ƛǎ ŀ ƪŜȅ ǇŀǊǘ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǇƻǎǎƛōƭŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ  
SpERB ƛǎ ŀ ƭƻǿ Ŏƻǎǘ ŎƭƛƳŀǘŜ ƳƻƴƛǘƻǊƛƴƎ ŎƻƴŎŜǇǘ ƳŜŀǎǳǊƛƴƎ 9ŀǊǘƘΩǎ ŜƴŜǊƎȅ ōŀƭŀƴŎŜ  - it 
would be the first sustained climate observing system ever built from a constellations 
of small satellites.  



CubeSats 

Å Standard sizes 
ï 1U: 10cm x 10cm x 10cm 
ï 2U: 20cm x 10cm x 10cm 
ï 3U: 30cm x 10cm x 10cm 
ï 6U,12U etc  (under study) 

Å Piggy-back launch, or 
deployed from ISS 

Å Cheap 
 

 

Low cost means we can build up an 
observing system as a constellation of 
smaller parts. This has many advantages: 
 
ÅFlexibility & Robustness 
ÅReadily expanded 
ÅNew approached to  
              calibration 
ÅCost sharing &  
             partnerships 
 
 
  



RACE- a JPL Multichannel microwave 
radiometer of the type used in operational 
weather observing systems. It occupies ~  
1.5U, flies on a 3U CubeSat demo 2014. 

An IR spectrometer, proposed by JPL to 
NASA for the 3U Cubesat SpectRE mission 
and a key sensor for SpERB. Uses 
advanced detector technology developed 
for the Mars climate sounder. 

RainCube  - a  6U cubesat weather radar 
mapping precipitation with a sensitivity 
that rivals NASA/JAXA >$100M GPM 
radar. Engineering models of key sub-
systems built and tested. The concept is 
being readied for a proposal to NASA. 

Three example concepts of sensors that are mature and ready  for demonstration.  JPL instrument costs are each are 
order $3M  

Examples of sensor miniaturization at JPL 



9ŀǊǘƘΩǎ radiation budget (ERB) 

6 Stephens et al. (2012) 



9ŀǊǘƘΩǎ radiation budget (ERB) 
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Incoming solar 

Stephens et al. (2012) 



9ŀǊǘƘΩǎ radiation budget (ERB) 
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Incoming solar Ғ reflected solar  +   

Stephens et al. (2012) 



9ŀǊǘƘΩǎ radiation budget (ERB) 
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Incoming solar Ғ reflected solar  + outgoing longwave 

Stephens et al. (2012) 



9ŀǊǘƘΩǎ radiation budget (ERB) 
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Small imbalance at TOA drives climate changes 

Stephens et al. (2012) 



0.6Wm-2 Å ¢ƘŜ ǎȅǎǘŜƳŀǘƛŎ ōǳƛƭŘ ǳǇ ƻŦ /hн ŦƻǊŎŜǎ ǘƘŜ 9ŀǊǘƘΩǎ 
energy budget  slightly out of balance.  
 

Å The oceans continue to take up this small amount of 
heat.  
 

Å Monitoring this small imbalance is a recognized as 
an important need  but a challenge. 
 

Å The spectral fingerprints of climate change are 
much larger, making identification of processes 
much more obvious than they are in current 
available broad spectrally integrated measurements.  
 

Å At present the existing and proposed methods for 
monitoring Earth are too expensive and cannot 
practically offer a strategy for sustained 
monitoring of the ERB. Furthermore no coarse 
band strategy for monitoring the spectral fluxes 
exists.  

Spectral Earth Radiation Budget (SpERB) 

From a recent study of 
 Llovel et al (2014)  
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The spectral fingerprints of climate change  



Future measurements of ERB 

Å  Recent developments: 

ÁLow-cost small satellites  

ÁSensor miniaturization  
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Future measurements of ERB 

Å  Recent developments: 

ÁLow-cost small satellites  

ÁSensor miniaturization  
 

Å  Constellation advantages: 

ÁImproved diurnal coverage over  
a region 

ÁCross-calibration potential 

ÁExpansion potential 
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Simulated measurements in 1D 

Å  Simulation of WFOV  
 (~6000 km) measurements 

ÁIdeal for global data  

ÁReliable measurements 

ÁLong life time 

ÁPoor spatial resolution 
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