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Decreto legislativo n. 26 del 2014

Art. 1

Oggetto e ambito di applicazione

1. Il presente decreto stabilisce misure relative alla protezione
degli animali utilizzati ai fini scientifici o educativi, a tal fine,
sono disciplinati i seguenti aspetti:

a) la sostituzione, la riduzione dell'use di animali nelle
procedure e il perfezionamento delle tecniche di allevamento, di
alloggiamento, di cura e di impiego degli animali nelle procedure;

b) 1la provenienza, l1'allevamento, 1'identificazione, 1la cura,
1'alloggiamento e la soppressione degli animali;

c) le attivita' degli allevatori, dei fornitori e degli
utilizzatori;

d) la valutazione e l'autorizrzazione dei progetti che prevedono

1l'uso degli animali nelle procedure.

2. E' consentito l'utilizzo degli animali ai fini
educativi soltantoc quando, per ottenere il risultato
sia possibile wutilizzare altro metodo o una strategia di
sperimentazione scientificamente valida, ragionevolmente =)
praticamente applicabile che non implichi l'impiego di animali wviwvi.

3. Il presente decreto si applica ai seguenti animali:

a) animali wvertebrati wvivi non umani, comprese:

1) forme larvali capaci di alimentarsi autonomamente;
2) forme fetali di mammiferi a partire dall'ultimo
loro normale sviluppo;

b) cefalopodi wviwvi.

4. Il presente decreto si applica agli animali:

a) utilizzati o destinati a essere utilizzati nelle procedure, o
appositamente allevati affinche' i loroc organi o tessuti possanc
essere usati ai fini scientifici, anche se si trovano in una fase di
sviluppo precedente a quella di cui al comma 3, lettera a), e se
l'animale viene fatto vivere oltre detta fase di sviluppo ed e!
probabile che, a seguito delle procedure effettuate, provi dolore,

scientifici o
ricercato, non

terzo del

| 71 Richiesta di autorizzazione
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Etica della ricerca



Gli scienziati lavorano per I'intero genere umano




Gli scienziati lavorano per 'intero genere umano,

perché le loro scoperte si diffondono in tutto il mondo




In nessun caso é permesso loro di alterare dati e risultati

Tendenziosita

Soppressione parziale di dati

Alterazione arbitraria di dati

Fabbricazione di dati



Gli scienziati devono cooperare con i loro colleghi




Referees



Fare ricerca € un lavoro

Come tutti i lavori, deve essere remunerato




Gli scienziati devono formare i giovani




La responsabilita della scienza









Costituzione della Repubblica italiana

Art. 33.

[ arte e la scienza sono libere e libero ne ¢
I’insegnamento.
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Intelligenza artificiale

RESEARCH

COMPUTER SCIENCE

A general reinforcement learning
algorithm that masters chess, shogi,
and Go through self-play

Mamlal’ Aﬂ]mr Guez', Mm'c[a.nﬂ'ul Lnnrentsm-e‘ Dlnrsmxnmaran,
Thanr&epeI,Timoﬂanﬂ]ienp,KnrenSimnnyan,DemjsMsahls’.

The game of chess is the longest-studied domain in the history of artificial intelligence.
TI'IB stmngest programs are based on a combination of sophisticated search techniques,

specific ptati and

luation functions that have been refined

by human experts over several decades. By contrast, the AlphaGo Zero program recently
achieved superhuman performance in the game of Go by reinforcement learning from self-play.
In this paper, we generalize this approach into a single AlphaZero algorithm that can achieve
superhuman performance in many challenging games. Starting from random play and given
no domain knowledge except the game rules, AlphaZero convincingly defeated a world
champion program in the games of chess and shogi (Japanese chess), as well as Go.

he study of computer chess is as old as
computer science itzelf. Charles Babbage,

Alan Turing, Claude Shannon, and John

von Neumann devised hardware, algo-
rithms, and theory to analyze and play the
game of chess. Chess subsequently became a
grand challenge task for a generation of artifi-
performance computer chess programs that play
at a superhuman level {1, 2). However, these sys-
tems are highly tuned to their domain and can-
not be generalized to other games without
substantial human effort, whereas general game-
playing systems (3, 4) remain comparatively weal
A long-standing ambition of artificial intelli-
gence has been to create programs that can in-
stead learn for themselves from first principles
{3, 6. Recently, the AlphaGo Zero algorithm
achieved superhuman performance in the game

'DaepMing. § Pancras Square, Loncon N1C 48G. UK. “University
Collage London, Gower Street, Londan WCIE 68T, UK.
*Thase aothars contributed equatly to tha work

fe authr. Email: com (DS} using handerafted features and carefully tuned
dlmnm@gmgla com {D.H} weights, constructed by strong human players and
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Fig. 1. Training AlphaZero for 700,000 steps. Elo ratings were
computed from games between different players where each player
was given 1 s per move. (A} Performance of AlphaZero in chess
program Stockfish.

compared with the 2016 TCEC world champion

of Go by representing Go knowledge with the
use of deep convolutional neural networks (7, 83,
trained solely by reinforcement learning from
games of self-play (9). In this paper, we introduce
AlphaZero, a more generic version of the AlphaGo
Zero algorithm that accommodates, without
special casing, a broader class of game rules.
‘We apply AlphaZero to the games of chess and
shogi, as well as Go, by using the same algorithm
and network architecture for all three games.
Our results demonstrate that a general-purpose
reinforcement learning algorithm can learn,
tabula rasa—without domain-specific human
knowledge or data, as evidenced by the same
algorithm succeeding in multiple domains—
superhuman performance across multiple chal-
lenging games.

A landmark for artificial intelligence was
achieved in 1997 when Deep Blue defeated the
human world chess champion {I). Computer
chess programs continued to progress stead-
ily beyond human level in the following two
decades. These programs evaluate positions by

O 100 200 300 400 500 600 700 0 100 200 300 400 500 600 T00

Thousands af Staps

over 3 days).

Silver et al., Seience 362, 1140-1144 (2018) 7 December 2018

programmers, combined with a high-performance.
alpha-beta search that expands a vast search tree
by using a large number of clever heuristics and
domain-specific adaptations. In (107 we describe
these augmentations, focusing on the 2016 Top
Chess Engine Championship (TCEC) season 9
world champion Stockfish (17); other strong chess
programes, including Deep Blue, use very sirnilar
architectures (I, 12).

In terms of game tree complexity, shogi is a
substantially harder game than chess (29, 74): It
is played on alarger board with a wider variety of
pieces; any captured opponent piece switches
sides and may subsequently be dropped anywhers
an the board. The strongest shogi programs, such
as the 2017 Computer Shogi Association (CSA)
world champion Elmo, have only recently de-
feated human champions (13). These programs
use an algorithm similar to those used by com-
puter chess programs, again based on a highly
optimized alpha-beta search engine with many
domain-specific adaptations.

AlphaZero replaces the handerafted knowl-
edge and domain-specific augmentations used
in traditional game-playing programs with deep
neural networks, a general-purpose reinforee-
ment learning algorithm, and a general-purpose
tree search algorithm.

Instead of a handerafted evaluation function
and move-ordering heuristics, AlphaZero uses a
deep neural network (p, ¢} = fi(s) with param-
eters . This neural network (s} takes the board
position s as an input and outputs a vector of
maove probabilities p with components p, = Prials)
for each action @ and a scalar value v estimating
the expected outcome = of the game from posi-
tion 8, v=3[sls]. AlphaZero learns these move
probabilities and value estimates entirely from
self-play; these are then used to guide its search
in future games.

Instead of an alpha-beta search with domain-
sperific enhancements, AlphaZero uses a general-
purpose Monte Carlo tree saarch (MCTS) algorithm.
Each search consists of a series of simulated
games of self-play that traverse a tree from root
state £, until a leaf state is reached. Each sim-
ulation proceeds by selecting in each state s a
move ¢ with low visit count (not previously
frequently explored), high move probability, and
high value {averaged over the leaf states of

l
o

| — AlphaZero
| AlphaGo Zero
—— AiphaGo Lee
100 200 300 400 500 600 700
Thousands of Steps

(B} Performance of AlphaZero in shogl compared with the 2017
CEA world ehampien pragram Etma. {C) Performance of AlphaZero
in Go compared with AlphaGo Lee and AlphaGo Zero (20 blocks

1of5

/L0201 sequsoag o BroBewsousns aousnsdi | Wol| pepBoLMOC]



LOT | L1zoz_UNfOL | ¥BS oA | @1mieN

wooa) ) |eze ew-s,,

109 euuy wiasoy enfezy :Aljenba PAINGUILOS SIOINE 353l 1, VSN ‘V2 ‘PIOJUBIS ANSIBALN PIojuelS

“wawpiedaq a0uaIdg 1BINAWOD, VSN ¥ ‘Sleriuuns '2)60oo ‘weay (z13) aImonnselu) pue uoreuswaldw diyg 318069, 'YSN ‘YD MaIA UIEIUNOR '216609 'Wea] ulesg 4oIeasay 31Boog,

Suoe|d ae 1915e) pUE 191199 Y10q 2W0I3q 01 22U LIddXD WOy uIed|
ued 11 2ey) Sutueaw —sdiyod ssode Suizijelsuas jo ajqeded poyaw
T ue padojarap am ‘wajqoid Suiuuediooy diyd ayl ssaippe ol
*(Suone|oIA Bullun) 3A|0sal ‘3] dwexa 10J) 131 ySel Juawde|d ay)
DB 019POI [9AI|-MO| 21 AJIPOLL UDYI OYM ‘SIDUBISIP 1Y weansdn
01)2eqpa3j sapiaoid 1o ‘uonen|eas 1oj uejdioo) parepdn ue saresauad
‘PAARIYIR UIDQ AARY 2LIDILID USISIP Y1 IRYISIPN|IU0I 1AL 1ouFISap
ueLwNY 2y “§2eqPaa) siyl Jo sIseq Ayl uQ Iuawade|d ey aenjead
015]001 Y13 10J 1 7£ 01 dn Suniem pue ‘seaued diyd a1 01u0 11U
ey Jojuawade|d enuew e Funeauas sipau diyd syl jouondiiosap
(7.0¥) [9A3] J3jsuei1 13151531 e Indui se Supyel ‘5|00l (va3) uonewoine
USISIP IIUOIIIA|D [BI2IILULIOD YIIM SLIUOW 10§ DI 1SN S19uBISap
[ea1sAyd uewny ‘spoyiau Jold 253y JO SUONEIWI] Y2 03 FUIMQ
‘wajqosdiuawwadeld diyd o) Jo saduRISUI 210 01 pasodxa sl asnedaq
1nsai jo Aujenb pue paads 1y10q u1saA0 W POYISW INO “2I0WIAYLINS
*SUONIUNY IS0 I|GRNUIIIJJIP-UOU 10 J|QBIIUIIIYIP JO JINXIW AUE 10
AJ39311p S3Z1WNdO PUE ‘SAPOU JO SUOI|JILL YIIM SISI[12U 01 3|EIS LED ‘PUEL|
13110 33 U0 ‘POLIIWLINQ "SUOLIEIOIA Sulunl 10 UoNSaBU0d Funnos se
NS ‘$21119W |211112 10) aZ1wdo A1aA110a)2 10uued Aaya 1eyy Sujuea
‘SU0NDUNY $S0] A|qenUIYIP 10) aZiundo Ajuo ued £3y11nq ‘yaeosdde
BuIpea) 211 219M SIIA|0S INK|BUE “HLOM SILI 03 101 " SIPOU JOSUOI|[1G 10
SUOI[|IW 2ABY UDIYM ‘SISIPAU dIYD UIPOLE 01 I[BIS 10U OP PUE SN DUIT
-19AU0D MO| AeY Saydrosdde Bulquuid-|iH NS [eul) 3|qeageajesun ue
unynsai Aew uonnied £j1ea 100d e pue ‘s)si|1au 13812] 0 3|EIS 01 IAPIO UL

uonnjos eqoj3 aya jo Anjenb ayaadyudes spoyaw paseq-Suluonnied
‘a|dwiexa 104 ‘pauea aie sayoeoidde Joud asay Jo suonewI| Y |
sdiyd usapow uo ajgesnun Ajp3.1e| sanbiuydayasayy
pasapuai sey Anxajdwod diyd ul yamoas [ennuauodxa 3yl pue ‘aduew
-10)12d [9A9]-uBLUNY 2ADIYDE PINOD SaYdeoIddE IS JO IUOU JIAIMOH
*11-6S19A10s dnAeue pue _gsaydeosdde Buiquuyid-|1y/2115eYd01s ‘. SPO
-y1aw paseq-3uiuonn.ed :sauoFaied peolqaaiyi oaul uljey ‘pasodoad
udaqaaey Suiuuejdioop diyd o1 sayoeosdde Auew ‘sg9al Ay 2oUIS
‘uonsaguod Sunnoi pue Asuap
uo sjuleaISuod piey 01 Suuaypeajiym ‘paziundo ale (YaSuajaum pue
eaJe ‘Gurnun ‘vondwnsuod 1amod ‘9]dwexa 10§) SI1IIW IIUBLLIOY
-1ad 11 0s (SpL3 [eUOISUDLIIP-0MI) SaseAuED diyd 01u0 s1S1[19U Sul
-oe|d saajoAul Sutuueldiooly diy) 'saiim Aq pa1dauuod ale yaiym jo e
‘(OX PUB YON ‘ANVN se yons sa1eS 2150]) 522 pJepueis pue (siuau
-odwod L10wawy) sosdew se yoans ‘syuauodwiod 1N jo ydessiadAy
B “I81]39U & £Q PaqLI2Sap aq UBD $Y20]q 953y | "W)IsAs 2150] |01IU0D 10
J1un 3Indwod “waisAsgns A10WaLL B SE YONS ‘3|NpoL [ENPIAIPUI UB
SIYDIYM JO DB “$H20]q JO SUSZOP 01Ul PIPIAIP st diyd 1aandwod v
‘s11adxa uewny £q1104J2 asunul Jo syauow sasnbal yaiym ‘auljaseq
1523u0415 341 01 pasediuod ‘y 9 Japun wisuerdiooy diyd ajqeimoejnuew
$21BJ9UAT POYIAW INQ "Y2BISAI JO SAIPEIIP AL Nidsap ‘uonewoine
payap 3uoj sey eyl wajqoid Surdusyieyd e ‘Suuuediooy diyd uo
$|NS311IE-3)-J0-2IE]S IIBIISUOLIIP PUE ‘(T ) SUIUIEI] JUIWIDI0JUIDL
uo paseq poyiaw juawade|d ydei8 mau e asodoid am “1om siyy ug

*SpJay om1ay1 usamiaq diysuonea1 3no1quiks

2 3UNBIID ‘| UISIDUBAPE [aNJ [IM d1empIey pauSisap-1y [nytamod a1ow ey

2A112q M ‘A][BUL] 'UONEIIUIT MU LB 10) 1101a UBLUNY JO SINOY JO SPUBSNOL) JABS
01 |enualod ay sey pue 's101e13[222e (1) 2uadij|ul jeldynaes,a|8000 Jo uonesauad
1XaU 33 uSISIP 01 Pasn SEM POLIaLW INQ J13uSISap uewwny Aue ueyl duatadxd

alow yum swade [epynae £q pawuoyiad aq o1 udisap diya Suimoje ‘wajgoid

311 JO SAOURISUI MU BUIAJOS 1B I2ISE PUE 191194 21023 01 2duaLiadxa 1sed sazijn
POLAW.INO ‘A Nsad e sy "dIyd a3 Jo SuopIeIuasaIdal d|qeIajsuell pue you Sujuiea]

Jo3jqeded 31m2331ydae Y I0MIDU [RINAU [BUOIINOAUOD Ydei3 paseq-a8pa ue dojaaap
pue ‘wajqoad Fuiuted|uawadiojutal e se Fuuueidiooy diyd asod am 'siy1 aad1oE 0
‘eate diyd pue dduewoyiad ‘uondwnsuod samod Sulpn|aul ‘sa113aw £ [[e Ul Suewny

£q pasnpoad asoyy 01 3jqesedwod 1o sorsadns ase eyl suejdiooy diya saresauald
AJ[eaneWwoIne poylatu ino ‘sinoy xis sapun uj ‘Suuueldiooy diyd o1 yoeosdde

Suruieajuawadiojulas daap eiuasald am a1y "sinofe| ajqesmaejnuew aanpoad

015192u13u9 udisap [ed1sAyd AQ110y9 asudiul Jo syiuow Suninbal ‘uonewoine
payap sey Suuuejdiooy diyo ‘yoeasal jo sapedap aay andsaq ‘diyd 1aandwod
e jonoAe| [ea1sAyd a1 ButuBisap joyser Sunaauidua aya st Suuueldiooy diyy

sajepdn 10§ )29yD (g

\ueaq yjor 3 se1uadie) 1060y ‘,0H pieYdlY ‘uopne sewer 87 A 20ND

* 490uUn] e4w3 ‘ BueH Wen|im BSeAlULIS BAARY *,6UOL APUY ‘jed OOMIf ‘1ZEN OpezY
‘Meyied JeNWO ‘Uosuyor 93 ;897 uoof-Bunoy * Buepm ueys ‘ LioyBuos wiyeiqy

* Bueir sifuspy sor ‘,uebzey ejeISN| ‘., ., OIP1OD BUUY ‘., . IUISSOYLI BNEZY

1Z0Z dunr @ :auljuo paysiqnd

120z 11dy g1 :pardacoy

0Z0Z 190WUBAON € ‘PAAIDOdY

-7 SE0-1Z0-98S1¥S/8E0L0L/B1010p//:sdny

ugisapdiyo

jse} 10j A3ojopoyrow judwdde|d ydei3y

ETRT TN




REPORT

Airborne Transmission of Influenza
A/H5N1 Virus Between Ferrets

Sander Herfst," Eefje J. A. Schrauwen,* Martin Linster, Salin Chutinimitkul,® Emmie de Wit,**
Vincent J. Munster,™ Erin M. Sorrell,* Theo M. Bestebroer,’ David F. Burke,” Derek ]. Smith,**
Guus F. Rimmelzwaan,” Albert D. M. E. Osterhaus,” Ron A. M. Fouchier't

Highly pathogenic avian influenza A/H5N1 virus can cause morbidity and mortality in humans but thus far
has not acquired the ability to be transmitted by aerosol or respiratory droplet (“airborne transmission”)
between humans. To address the concern that the virus could acquire this ability under natural conditions,
we genetically modified A/H5N1 virus by site-directed mutagenesis and subsequent serial passage in
ferrets. The genetically modified A/H5N1 virus acquired mutations during passage in ferrets, ultimately
becoming airborne transmissible in ferrets. None of the recipient ferrets died after airborne infection with
the mutant A/HSN1 viruses. Four amino acid substitutions in the host receptor-binding protein
hemagglutinin, and one in the polymerase complex protein basic polymerase 2, were consistently present
in airborne-transmitted viruses. The transmissible viruses were sensitive to the antiviral drug oseltamivir
and reacted well with antisera raised against H5 influenza vaccine strains. Thus, avian A/H5N1 influenza
viruses can acquire the capacity for airborne transmission between mammals without recombination in an
intermediate host and therefore constitute a risk for human pandemic influenza.

Science 336:1534-1541, 2012



Modifiche alla linea germinale umana

news feature

Biology's
last taboo

Willgene therapy
ever extend to
inducing changes

in humans that

can beinherited
down through
generations? Maybe

so,ifthe concerns over safety can be ironed out. Jonathan Knight
considers the technical challenges and the ethical arguments.

rhesus monkey called ANDi became

one of the most famous animals on
the planet, his endearing features plastered
across countless newspapers. Engineered by
a team at the Oregon Regional Primate
Research Center near Portland so that each
of his cells carries a gene for a glowing green
protein, ANDi is the world’s first transgenic
primate’. His name derives from ‘inserted
DNA spelt backwards.

Some reports suggested that ANDi is just
one step removed from ‘designer’ human
babies. But if anything, he shows that trans-
genic people are still far from a practical real-
ity. ANDI gives out not even the faintest
green glow — the introduced gene was active
in two other fetuses that aborted sponta-
neously, but in ANDI it seems to lie silent.
Nor do ANDI’s creators hope to develop a
method for use in people. Rather, they are
interested in creating genetically modified
monkeys for use in medical research. “We
discourage any extrapolations to people,”
says Gerald Schatten, the team’s leader, now
atthe University of Pittsburgh.

But when asked to look a decade or more
into the future, many experts believe that
‘germline’ gene therapy, which aims to pro-
duce babies carrying altered genes that will
be inherited down the generations, might
become part of mainstream medicine. Given
advances in basic research, they argue, the
safety concerns that currently put germline
gene therapy off-limits might be overcome.

Objections to human germline manipu-
lation run deeper than the safety issues. For
some people, tampering with our genetic
inheritance in this way is fundamentally
wrong. Others fear that what starts as an
attempt to cure inherited diseases will soon
mutate into a programme of genetic

For a few days in January, a young

12

‘improvement’. But previous experience sug-
gests that such concerns may not restrain
those intent on pushing back the boundaries
of reproductive and genetic medicine (see
“The unregulated frontier’, overleaf). “Alter-
ing the genome is essentially the endpoint of
the whole genomic revolution,” claims
Gregory Stock of the University of Califor-
nia, Los Angeles, an expert on the societal
impact of emerging genetic technologies.

Tackling the taboo
In March 1998, Stock organized a confer-
ence in Los Angeles that threw a spotlight
on human germline manipulation, then
considered a taboo subject. At the
meeting, leading scientists
spoke in favour of the

A

Monkey business: ANDi, the first genetically modified primate, was born containing a jellyfish gene.

idea, arguing that excessive regulation could
hamper research of medical value®. Last year,
a report from the American Association for
the Advancement of Science dampened the
enthusiasm, calling for a moratorium on
attempts to change a person’s genes in ways
that could affect future generations’. But it
left the door open: with safe methods, prop-
er supervision and adequate public discus-
sion, the report concluded that germline
gene therapy might one day be acceptable.
Any future attempt at human germline
gene therapy will draw on experience with
transgenic animals. The most basic proce-
dure, injecting DNA fragments into one of
the unfused nuclei in a newly fertilized
egg, was pioneered in mice more
than two decades ago’. The

wa

#% © 2001 Macmillan Magazines Ltd
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..la storia dell'umanita' insegna che una capacita' tecnologica acquisita non
rimane a lungo inutilizzata. Al contrario qualcuno, in qualche luogo, la mettera in
pratica con uno scopo od un altro, legalmente o contro la legge e il volere comune.
L'uomo non si e lasciato fermare dal timore di produrre, con le sue invenzioni e la
sua tecnologia, disastri ecologici o armi di sterminio. Né é riuscito realmente ad
astenersi, come pure si era solennemente ripromesso, dal colonizzare I'Antartide o
lo spazio extraterrestre a fini di potere. C’@ sempre un interesse forte, una ragion
di Stato, una nobile causa o una forza sociale inarrestabile che porta a
scoperchiare il vaso di Pandora. E bene quindi che cominciamo a dibattere
I'ingegnerizzazione genetica dell'uomo, al fine di sceverarne tutte le implicazioni,
per poterla meglio controllare e indirizzare o, se cosi decidessimo, per cercare di
metterla al bando con le massime probabilita di successo. Nascondere la testa
nella sabbia per non vedere il futuro che ci sta venendo incontro non allontanera i

pericoli: ci fara solo sorprendere impreparati.
2003
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Giveresearch
into solar
geoengineering
achance

There is no substitute for aggressive cuts in
greenhouse-gas emissions. But the risks and
benefits of technologies that could mitigate
global warming need to be evaluated.

yatleastone measure, US PresidentJoe Biden’s
online climate summitlast month wasasuccess:
several governments, including that of the
United States, made fresh pledges to reduce
greenhouse-gas emissions. Combined with
earlier announcements from other countries and the
European Union, these pledges would reduce emissions
in2030 by the equivalent of more than 3 billion tonnes of
carbondioxide, more than the currentannual carbon emis-
sions of India. But even thisreduction — if achieved — would
notbe enough for the world to remain on a plausible path
to limit warming to 1.5 °C relative to pre-industrial times.

World leaders must look for ways to close that gap at
the United Nations climate convention in Glasgow, UK,
in November, and then implement their commitments.
Clearly, there is a long and difficult road ahead. So
governments and scientists must continue to evaluate car-
bon capture and other climate strategies that can be used to
remove carbon dioxide from the atmosphere. They should
also explore solar geoengineering, whichinvolves altering
clouds oraddingreflective particles to the stratosphere to
reflect sunlight back into space and cool the planet. The
effect of such stratospheric injections would be similar to
the cooling that happens after volcanic eruptions.

Some studies suggest that solar geoengineering could
provide much-needed short-term relief if global warming
becomes unbearable (P. Irvine et al. Nature Clim. Change
9,295-299; 2019). But technical, environmental and eth-
ical questions remain, including how to ensure that the
cooling works asdesired —and who decides the setting for
the thermostat. And then there are the potential knock-on
effects, which could vary across regions and sectors of
society (J. Proctor et al. Nature 560,480-483;2018). More
researchis needed to understand these issues.

Some scientists are vociferously opposed to solar geo-
engineering, which could go awry in unpredictable ways
and, once started, could be difficult to safely shut down.
There are also concerns that even a move to research
solar geoengineering creates ‘moral hazard’, leading to
misplaced confidence and detracting from efforts to rein
ingreenhouse-gas emissions. Some who oppose it fear that

dd

Governments
need to step
up climate
effortsand
evaluate

all possible
options for
action.”

onceresearchbegins, theroll-out of the technology willbe
unstoppable, no matter what the findings.

Researchers who study geoengineering counter that
the science needs to be understood, and that the world
must consider the thorny questions of international gov-
ernance that would arise if a country moves forward with
anill-conceived programme. But researchers have strug-
gled to raise funding, conduct experiments and address
legitimate concerns about their work.

In March, scientists working on the Stratospheric Con-
trolled Perturbation Experiment (SCoPEx) had to cancel
aballoon flight scheduled for June in Sweden. The flight,
designed to test equipment that would be used in future
experiments involving the release of particles, faced
opposition from environmentalists and representatives
of northern Scandinavia’s Sami communities, who argued
that geoengineering research is a distraction from other
work on climate change. An advisory committee recom-
mended delaying the flight to allow for further public
engagement.

Until now, public bodies have not prioritized reaching
suchaconsensus. But two welcome developments suggest
there is potential for this to happen.

The US National Academies of Sciences, Engineering,
and Medicine recommended in March that the US govern-
mentestablish a coordinated federal research programme
to investigate solar geoengineering. It is the most explicit
call yet from a major scientific body for a government
research programme, and comes at the right time.

Costing US$100 million to $200 million over Syears, the
multi-agency programme would explore the core environ-
mentalscience of altering clouds or releasing particles on
alargescale, as well as the ethics and public perception of
this technology. The proposalincludes a code of conduct,
andapublic registry for research proposals and results. The
academiesalso called for broad international engagement,
information sharing and discussions about global govern-
ance. Thisis crucial: solar geoengineering would affect the
entire planet, and the United States must not go it alone.

Thereis also progress on the international front. The
Carnegie Climate Governance Initiative (C2G), anadvocacy
group based in New York City, has been working to engage
the UN onsolar-geoengineering research and governance
issues. In March 2019, environment ministers debated a
resolution calling on the UN Environment Programme
to assess geoengineering science and technology. That
measure failed, in part because of opposition from the
administration of former US president Donald Trump.
Switzerland and other countries are preparing to bring
forward a fresh resolution next year. And C2G is working
to have solar geoengineering discussed at the UN General
Assembly in2023.

Solar-geoengineering researchbrings risks,and there are
other, more promising ways to address global warming. But
the world remains on a path to dangerous climate change.
Governments need tostep up climate effortsand evaluate
all possible options for action. If solar geoengineering is
harmful, leaders will need evidence so that they can rule
outthe technology.
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