
FOR those who question whether global 
warming is really happening, it is neces

sary to believe that the instrumental tem
perature record is wrong. That is a bit easier 
than you might think. 

There are three compilations of mean 
global temperatures, each one based on 
readings from thousands of thermom
eters, kept in weather stations and aboard 
ships, going back over 150 years. Two are 
American, provided by N A S A and the Na
tional Oceanic and Atmospheric Adminis
tration ( N O A A ) , one is a collaboration be
tween Britain's Met Office and the 
University of East Anglia's Climate Re
search Unit (known as Hadley C R U ) . And 
all suggest a similar pattern of warming: 
amounting to about o.9°C over land in the 
past half century. 

To most scientists, that is consistent 
with the manifold other indicators of 
warming-rising sea-levels, melting gla
ciers, warmer ocean depths and so forth-
and convincing. Yet the consistency 
among the three compilations masks large 
uncertainties in the raw data on which 
they are based. Hence the doubts, hus
banded by many eager sceptics, about 
their accuracy. A new study, however, pro
vides further evidence that the numbers 
are probably about right. 

The uncertainty arises mainly because 
weather stations were never intended to 
provide a climatic record. The temperature 

series they give tend therefore to be patchy 
and even where the stations are relatively 
abundant, as in western Europe and Amer
ica, they often contain inconsistencies. 
They may have gaps, or readings taken at 
different times of day, or with different 
kinds of thermometer. The local environ
ment may have changed. Extrapolating a 
global average from such data involves an 
amount of tinkering-orhomogenisation. 

It might involve omitting especially 
awkward readings; or where, for example, 
a heat source like an airport has sprung up 
alongside a weather station, inputting a 
lower temperature than the data show. As 
such cases are mostly in the earlier por-

tions of the records, this will exaggerate the 
long-term warming trend. That is at best 
imperfect. And for those—including Rick 
Perry, the Republican governor of Texas 
and would-be president -who claim to see 
global warming as a hoax by grant-hungry 
scientists, it may look like a smoking gun. 

To build confidence in their methodolo
gies, N A S A and N O A A already publish 
their data and algorithms. Hadley C R U is 
now doing so. A grander solution, outlined 
in a forthcoming Bulletin of the American 
Meteorological Society, would be to pro
vide a single online databank of all tem
perature data and analysis. Part of the 
point would be to encourage more scien
tists and statisticians to test the existing an-
alyses-and a group backed by Novim, a re
search outfit in Santa Barbara, California, 
has recently done just that. 

Inconvenient data 
Marshalled by an astrophysicist, Richard 
Muller, this group, which calls itself the 
Berkeley Earth Surface Temperature, is no
table in several ways. When embarking on 
the project 18 months ago, its members (in
cluding Saul Perlmutter, who won the No
bel prize for physics this month for his 
work on dark energy) were mostly new to 
climate science. And Dr Muller, for one, 
was mildly sceptical of its findings. This 
was partly, he says, because of "climate-
gate": the 2009 revelation of e-mails from 
scientists at C R U which suggested they 
had sometimes taken steps to disguise 
their adjustments of inconvenient palaeo-
data. With this reputation, the Berkeley 
Earth team found it unusually easy to at
tract sponsors, including a donation of 
$150,000 from the Koch Foundation. 

Yet Berkeley Earth's results, as de
scribed in four papers currently undergo
ing peer review, but which were nonethe-
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• less released on October 20th, offer strong 
support to the existing temperature compi
lations. The group estimates that over the 
past 50 years the land surface warmed by 
o.9u°C: a mere 2% less than N O A A ' S esti
mate. That is despite its use of a novel 
methodology—designed, at least in part, to 
address the concerns of what Dr Muller 
terms "legitimate sceptics". 

Most important, Berkeley Earth sought 
an alternative way to deal with awkward 
data. Its algorithm attaches an automatic 
weighting to every data point, according to 
its consistency with comparable readings. 
That should allow for the inclusion of out
landish readings without distorting the re
sult. (Except where there seems to be 
straightforward confusion between Cel
sius and Fahrenheit, which is corrected). 
By avoiding traditional procedures that re
quire long, continuous data segments, the 
Berkeley Earth methodology can also ac
commodate unusually short sequences: 
for example, those provided by temporary 
weather stations. This is another innova
tion that allows it to work with both more 
and less data than the existing compila
tions, with varying degrees of certainty. It 
is therefore able to compile an earlier re
cord than its predecessors, starting from 
1800. (As there were only two weather sta
tions in America, a handful in Europe and 
one in Asia for some of that time, it has a 
high degree of uncertainty.) To test the new 
technique, however, much of the analysis 
uses the same data as N O A A and N A S A . 

Heat maps 
In another apparent innovation, the Berke
ley team has written into its analysis a ge-
ospatial technique, known as kriging, 
which uses the basic spatial correlations in 
weather to estimate the temperature at 
points between weather stations. This 
promises to provide a more nuanced heat 
map than presented in the existing compi
lations, which either consign an average 
temperature to an area denned by a grid 
square or, in the case of N A S A , attempt a 
less ambitious interpolation. 

It will be interesting to see whether this 
makes it past the review process. Peter 
Thome, a climatologist at the Co-operative 
Institute for Climate and Satellites, in 
North Carolina, describes it as "quite a 
hard sell in periods that are data sparse". 
He adds: "That doesn't mean you can't do 
it. It means you've got to prove it works." 

Two of the Berkeley Earth papers ad
dress narrower concerns. One is the poor 
location of many weather stations. A 
crowd-sourcing campaign by a meteorolo
gist and blogger, Anthony Watts, estab
lished that most of America's stations are 
close enough to asphalt, buildings or other 
heat sources to give artificially high read
ings. The other is the additional warming 
seen in built-up areas, known as the "ur
ban heat-island effect". Many sceptics fear 

that, because roughly half of all weather 
stations are in built-up areas, this may have 
inflated estimates of a temperature rise. 

The Berkeley Earth papers suggest their 
analysis is able to accommodate these bi
ases. That is a notable, though not original, 
achievement. Previous peer-reviewed 
studies-including one on the location of 
weather stations co-authored by Mr 
Watts-have suggested the mean surface 
temperatures provided by N O A A , N A S A 
and Hadley C R U are also not significantly 

affected by them. 
Yet the Berkeley Earth study promises 

to be valuable. It is due to be published on
line with a vast trove of supporting data, 
merged from 15 separate sources, with du
plications and other errors clearly sig
nalled. At a time of exaggerated doubts 
about the instrumental temperature re
cord, this should help promulgate its main 
conclusion: that the existing mean esti
mates are in the right ballpark. That means 
the world is warming fast. 

IMAGINE browsing a website when a 
saucy ad for lingerie catches your eye. 

You don't click on it, merely smile and go to 
another page. Yet it follows you, putting up 
more racy pictures, perhaps even the offer 
of a discount. Finally, irked by its persis
tence, you frown. "Sorry for taking up your 
time," says the ad, and promptly desists 
from further pestering. Creepy. But making 
online ads that not only know you are 
looking at them but also respond to your 
emotions will soon be possible, thanks to 
the power of image-processing software 
and the ubiquity of tiny cameras in com
puters and mobile devices. 

Uses for this technology would not, of 
course, be confined to advertising. There is 
ample scope to deploy it in areas like secu
rity, computer gaming, education and 

health care. But admen are among the first 
to embrace the idea in earnest. That is be
cause it helps answer, at least online, cli
ents' perennial carp: that they know half 
the money they spend on advertising is 
wasted, but they don't know which half. 

Advertising firms already film how 
people react to ads, usually in an artificial 
setting. The participants' faces are studied 
for positive or negative feelings. A lot of re
search, some of it controversial, has been 
done into ways of categorising the emo
tions behind facial expressions. In the 
1970s Paul Ekman, an American psycholo
gist, developed a comprehensive coding 
system which is still widely used. 

Some consumer-research companies 
also employ goggle-mounted cameras to 
track eye movements so they can be sure 
what their subjects are looking at. This can 
help determine which ads attract the most 
attention and where they might be placed 
for the best effect on a web page. 

This work is now moving online. High
er-quality cameras and smarter computer-
vision software mean that volunteers can 
work from home and no longer need to 
wear clunky headgear. Instead, their eyes 
can be tracked using a single webcam. 

One of the companies doing such 
work, Realeyes, which is based in London, 
has been developing a system that com
bines eye-spying webcams with emotion
al analysis. Mihkel Jaatma, who founded 
the company in 2007, says that his system 
is able to gauge a person's mood by plot
ting the position of facial features, such as 
eyebrows, mouth and nostrils, and em
ploying clever algorithms to interpret 
changes in their alignment—as when eye
brows are raised in surprise, say. Add eye-
movement tracking, hinting at which dis
play ads were overlooked and which were 
studied for any period of time, and the ap
proach offers precisely the sort of quantita- •• 
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Fonte: The Economist, London, v. 401, n. 8756, p. 99-100, 22 a 28 Oct. 2011.




