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' 'Global warming is one of the most important and controversial issues facing mankind today. Snvelope
"Ili zqr NOW{.F‘ “ TRUTHS ._ == |f predictions showing continued escalating warming are correct, we face a frightening future. MOi‘ﬁ'ggSEeg”b'e\*
1 J i However the evidence and data used for these predictions are equivocal, making it difficult for
gt ;.v " A ?r 7 . policy makers to make confident decisions.
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* What natural causes are there?  What is going to happen?
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. - B This graph shows the range of different predictions
bEtwe cn A1 G e The atmosphere e Polar ice sheets for different scenarios (shown by colours) and
& e The oceans e Mankind models (shown by shading and bars on the side)
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Political Political But, the data isn't accurate enough to distinguish between the predictions of different.models.

For example, atmospheric models calculate that the atmosphere absorbs 20% of the input Lo CSARHS Cavity
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solar energy, but measurements indicate 25%. Where is the missing energy? It is 10 times
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This uncertainty makes it difficult for governments to make critical economic decisions. (Spestral Responsivity)
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What is TRUTHS? How can TRUTHS be 10 times more accurate?

TRUTHS is: TRUTHS will be the first satellite to calibrate itself in orbit directly traceable to a primary
« a satellite mission proposed to ESA by an international scientific team, standard. The primary standard, a cryogenic radiometer, and methodologies employed
led by NPL A Y in TRUTHS are adapted from those pioneered at NPL under support of the DTI National
' Measurement System Programme. Such techniques are now routinely used in the World’s

* able to measure the incoming radiation from the Sun and the reflected National Metrology Institutes to provide the reference for all optical radiation measurements. Because the scales
radiation from the Earth and Moon, 10 times more accurately than any

previous mission. When NPL produced the first cryogenic radiometer 20 years ago it reduced measurement are calibrated

: : : : : : : uncertainty by more than a factor of 50. traceably to the NPL
* the first satellite that will calibrate itself in space, directly traceable to SlI L Ji f “primary kilogram”. The satellite instruments need

units via a primary standard. The suite of instruments on board TRUTHS are all based on pre-existing designs and so are to be calibrated traceably to a "standard” too, so we
e unique in its goal to transfer its high accuracy to all other satellite missions low risk but will degrade like other EO satellites. However, on TRUTHS they can be regularly know they are giving the "true” value.

measuring optical radiation. It will do this by calibrating optical radiation from recalibrated in orbit against the cryogenic radiometer, so the data they produce will always be

"reference"” targets such as the Moon, or large uniform areas, like deserts, on accurate and traceable.

Earth that other satellites can then view to calibrate their instruments.

You wouldn’t be
happy if your 1 kg of
potatoes was really
only 800 g, but how
do you know?

What Z()tll TR UTHS measure? Solar radiation reflected by the Earth
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2000 4000 6000 The spectral profile of solar radiation reflected by the
Earth can be used to identify and quantify the type of
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changes in solar outpui. 1 P | I e uch information is not only essential for climate modelling

but also for managing of our environment.

Optical radiation from the Sun

During the Mini Ice Age of the 17th Century, winters in Northern

Europe were about 2 °C cooler than today, at this time the Sun 3 | Sophisticated algorithms have been and are being
o ke developed to convert the measured signals at the top of
was 0.3% cooler. I R : : ) :
e TR the atmosphere into the unique "spectral fingerprint" that
Measurements from satellites over the last 22 years indicate, identifies and quantifies bio/geo-physical products, for
after normalisation, that there is a repeatable 0.1% change every R e (A example:
11 years. Recent studies have shown that small variations in the

solar output can also have significant influence on the EIl Nino.

e number of fir trees * age of rice plant
Satellite measurements of total solar e amount of algae * type of minerals in soil
irradiance, showing a 0.1% variability.

, However, the accuracy of the input data limits
But the satellites have offsets of 0.5%.

performance of these algorithms.

For example current measurement accuracies (~5%)
mean we can quantify the amount of algae in coastal
waters to no better than +100%. Such algae are
responsible for absorbing more than 1/4 of all CO,

; emissions.
A Frost Fair on the Thames

at Temple Stairs by TRUTHS will improve our knowledge by more than a
Abraham Hondius, 1684 factor of ten.

The Thames froze regularly
during the Mini Ice Age.

What questions will TRUTHS answer?

Can we blame the Sun? TRUTHS will make measurements of solar spectral and integrated irradiance with unprecedented accuracy. Through this we will better understand
the Sun’s impact on:

e Global warming e Weather ¢ Atmospheric chemistry

Will Carbon Sinks work? TRUTHS will help determine the efficiency of carbon sinks and also help audit their use as "carbon credits" in the Kyoto protocol by monitoring
growth and planting.

How much global warming has mankind caused? And what is going to happen next? To answer these questions, we need to have better predictive models of the global
climate. These better models will only come from better data.

Who polluted the Ocean? In addition to helping climate modelling, more accurate optical measurements will help improve many other fields. For example an accurate satellite
will be better at finding sources of pollution.

The Project Team

e Dr Nigel Fox, Head of Science at NPL's Optical Radiation Measurement Group.
e Supporting team of international scientists from:
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e Brightwell Instruments Ltd, UK ¢ Bureau International des Poids et Mesures * Canadian Centre for Remote Sensing, Canada ¢ Centre National d'Etudes Spatiale, France ‘ &
e Imperial College of Science, Technology and Medicine, UK ¢ Jobin-Yvon Group, France ¢ Joint Research Centre, Italy * Logica, UK ¢ OHB-System Bremen, Germany A :
e OIP Sensor Systems, Belgium ¢ ONERA, France * Plymouth Marine Laboratory, UK ¢ Rutherford Appleton Laboratory, UK ¢ TNO TPD, Netherlands * University of Oxford, UK INQY

e University of Reading, UK ¢ University of Zurich, Switzerland ¢ World Radiation Centre, Switzerland ¢ United States Geological Survey, USA ¢ University of Alabama, USA
e University of Arizona, USA ¢ Naval Research Laboratory, USA
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