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QUANTIFIED RESULTS: HOW RELIABLE ARE THEY?
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« Give us �gures! » is a frequent request from journalists looking to show sensationalism, it is
a frequent request from the public looking to compare and it is a frequent request as well
from scientists looking to understand, to measure, to evaluate and to design.

Yet, �gures do not tell the whole story and sometimes they do not represent what we
imagined: a minimum of "expertise" is required to understand and to interpret �gures. There is
also a question about the degree of their reliability and of trust that we grant them.

When it comes to the environmental impact of digital technology, �gures are everywhere:
from the greenhouse gas emissions (GHG) generated by the manufacture of a smartphone,
to the percentage of the world's electricity consumed by digital technology, to the number of
years of indium reserves. There is also the percentage of greenhouse gases saved thanks to
digital technology in the transportation sector, the amount of fresh water used to
manufacture a tablet...

ARE THESE FIGURES RELIABLE?

We must distinguish several aspects:

Methodology issues: a �gure will always depend on the perimeter taken into
consideration (what types of equipment in particular), the reference years, the very many
assumptions made, extrapolations, the model studied, the input data taken into account
for the calculations, anything that was not taken into account, the choices made for the
design, etc. In other words, the better the quality of the input data and the more robust
the methodology, the more reliable a �gure will be.

Uncertainty issues: the uncertainties related to a result are of different natures. There
are, for example, uncertainties related to the approximations made in measurements,
estimations, etc. And then there are the uncertainties related to the methods used or to
the model used, for example if the model forgets to integrate an important piece of data
or when an average is taken. In all cases, the uncertainties accumulate in the
calculations.
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Finally, when it is calculated, this uncertainty is rarely submitted to the public. If we take a
simple example of statistical data synthesized in a single �gure (their average), the
deviations from the average will be hidden1.

In summary: the reliability of a �gure is all the stronger when the uncertainties are small
and when they are published.

Transparency and openness of data: �nally, the con�dence that can be granted to the
�gures is all the stronger if the quality of the data, the methodologies and the
uncertainties are visible by everyone, updated by cross-review systems and in any case
with full transparency. 
In other words, in this �eld, a �gure published alone is not enough. It must have all
elements that allow a reader to estimate its reliability and the conditions of its
calculation. The use of the �gure should differ greatly depending on these elements.

We will show this through three examples: the �rst one taken from the scienti�c literature, the
second one from the software world and the third one from an independent study. These
examples show weaknesses commonly observed in the large world of numerical data
generation.

EXAMPLE 1: AN ARTICLE ON THE WORLDWIDE ELECTRICITY CONSUMPTION OF
COMMUNICATION NETWORKS

Article: "Worldwide electricity consumption of communication networks". So�e Lambert,
Ward Van Heddeghem, Willem Vereecken, Bart Lannoo, Didier Colle, and Mario
Pickavetnetworks. Published in: Optics Express Vol. 20, Issue 26, pp. B513-B524 (2012) 2

The article speci�es the methodology used and analyzes the reliability of the results, clearly
indicating the sources of uncertainties. This scienti�c article, published in a scienti�c journal,
has been reviewed by two reviewers, usually anonymously. The scienti�c article must allow
its reader to �nd the sources of all the data and the data itself, and also to reproduce the
result or the experiment (in theory because in practice it is generally very complicated). This is
called reproducible research 3.

Here the article is in open access, i.e. freely accessible to everyone.

So, obviously, reading or understanding is less simple because everything must be (in
principle) stated, argued, justi�ed and veri�able. In this case, we have access to the
hypotheses, to the data sources, to the design.

The result may be open to criticism, but when this is the case, a new article will probably be
published in the near future to correct and complete the information, and this is also what
makes science progress.

EXAMPLE 2: A VERY PRACTICAL APPLICATION CARBONALYSER

Carbonalyser: a browser extension (or add-on) that allows a user to see the power
consumption and greenhouse gas emissions associated with his internet browsing4.
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In reality, no network operator, no service provider, no software is able today to measure the
precise energy consumption of real-time data transport and its speci�c processing. The
calculation is therefore built from global, averaged data and assumptions that are clearly
explained in the methodology. The source code and all the data used for the calculation are
freely available.

The authors specify that « Carbonalyser is not an evaluation or audit tool. It is a support for
individual awareness, which helps to visualize a certain aspect of our online uses, through
comparisons and indications on power consumption and associated emissions. These results
are not measures of the true impact of online activities, but indicators of average magnitudes
obtained by extrapolating a macroscopic model built on worldwide statistical averages.
Carbonalyser should only be used to inform individual re�ections on one's own usage or to
inspire the development of tools to accurately assess the impacts of online activities. »

In this example, the results are estimated from an available and transparent model, even if
the model is imperfect.

EXAMPLE 3: A STUDY ON THE GLOBAL DIGITAL FOOTPRINT5 (GREENIT.FR)

To mesure the amount of GHGs emitted by the digital sector, the authors specify the scope of
the digital sector (types of equipment taken into account), and then, based on assumptions
about the duration of use of each type and sales volumes, calculate (on the basis of partially
non-public data such as the average GHG emission values for the manufacture and
transport of this equipment or its average annual consumption) the digital sector's share of
global greenhouse gas emissions.

There is no transparency on the basic data, the assumptions are not explained and the
sources (especially the input data) are not available in part. Finally, the uncertainties are not
quanti�ed. Nevertheless, this study has the merit of being one of the few to provide key
�gures and has been widely communicated and used.

IN CONCLUSION

From the preliminary remarks in this document and the examples in the �eld of the
environmental impacts of digital technology, we can conclude that a �gure is the result of an
estimation made under speci�c conditions, with a speci�c methodology, uncertainties and
sources; the �gure represents only what it represents, with all the relevant limits. It is
therefore important to be aware of all these limitations and sometimes the conclusion is the
unreliability of the �gure in question; for example, estimates of the potentially positive
impacts of digital technology are based on so many extrapolations and overly optimistic
assumptions that they do not really make sense6,7.

Often in this �eld numbers must be taken as orders of magnitude. Also the decimals do
not make sense in general. For example, the digital sector as a whole (excluding
connected objects) generates about 4% of GHGs: it may be 2% or 6% but not 50%, nor 0.4%.

What is an order of magnitude?
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The Wikipedia de�nition is: an order of magnitude is a number that represents in a simpli�ed
but approximate way the measurement of a physical quantity.

An order of magnitude is easier to remember than a precise value and is su�cient for many
purposes.

Scienti�cally, an order of magnitude corresponds to a range of values. This is, commonly,
from one tenth to ten times the size. Thus, an object whose length is about 1 m (a table) is
larger than an object whose length is about 1 dm (a pencil) and smaller than an object whose
length is about 10 m (a truck).

Knowing and having in mind these orders of magnitude (and the conditions / limits) can be
su�cient to make political choices or to take relevant legislative resolutions. On the other
hand, to be able to exercise one's critical mind on the �gures communicated with great
publicity is necessary to avoid making counterproductive choices!

Finally, as you will have understood, in the vast majority of cases, it is not possible to
compare two �gures from different studies because of the very likely differences in
assumptions, scope and input data. On the other hand, using the same methodology,
conditions, etc. over time to compare progress on GHG emissions from a given facility, for
example, is very relevant.

To remember: quality of input data, robustness and transparency of calculation
methodologies, openness and accessibility, clari�cation of all assumptions, and
communication precautions are the basic rules for any communication of �gures in order to
make progress together on the knowledge of our environmental impacts.
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