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Riding the wave 
How [urope (a n gain frnm the rklng t ide of sdentifk data 

Final rtpon afthe High !<wei Expen GrouponSck!mltic o.u 
Po . ubmis";on U) t ho: Euro~" Com mi»ion 
October2010 

0 (",,,,,,, .. ........,,.../010 
R""oot.triM i ... "" .. 1'1«1 ... _ ""' ............ l <'l<JWtodc>o>l 

11>t ...... ""I'/ ...... intt>"""''''' ... ....,,.oItIIo''''''''''.M>ddono. 
_onrly ....... , IIw: OfI'wJ.r!:'M_c..nm;,.;",,~,;ow '" rho .... b;o<. 

tho m<riPe<. ollheltlG wwkl ~k. '0 monk ~..,proje<' GR1l2Ol<lta- _ong ~ .. m"";"9' 
""'.k , .... d <to, .. ' .... __ , b .",=""bIW:"", 01 "'" "". ' ....... (;1V11QlQ". __ ~ 

.rnon ll'o;o<1 fmd«l by !ho(",_"" s-.rh l'''''''''''''''k "'''1' ....... '''10< Re_"'.or>d 
Po~ .... ,(fPlI''''<I .. Goo ..... AlJi_,A-/. 6(,I!). 
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Unlocking the full value of scientific data 

T 
~t o;g~al .o.gtnd~ for Eu«)~ ouUlnes polICies 
~nd _<lion> 10 "' .. ,,.,;'" 'h~ """.,rot <>f Ih. 
dIg~., OTiQI"UQn for .n. s..ppo<'l'''g (flUr(h 

and Innov.nlon is • ~ ptlQrity oftht ""fod", 

es~nUII I'wt w.n, to est.bll,h a nO<l'~h"'g dlglllli 
t<onomy bot 2020. 

$(!o:ntifk ~ardlls .upoporle\l by It$ Inf'OS'NctufH: 
l«hnk;JI tooIlJnd InSlN",.ntl ,rI(IlocIO-f)(:onQmk; 
1)ISI. mllo. org,nliing ,nt! Ih'Mng knowltdgc. 
Thps. h..,e boeton In (Onl •• nt (h.ng' fo, .... "l' 
(.n'm lel ..tll!'ctll'lg ''''MOO In .«hno~W Md 
d ,ng' In poIitk;al sysleml. Key In~ntlQnlll'" Iht 
mI"~ Q(lhe te~o ... .-.su~td In huge 

~lnfolTllalioll and 
Communication 
Technologies(lCT) are 
the most re<tnt 

transformational factors 
In science. ~ 

sCIentific P"'9tes. by.,IOWIng Iht v.lid.ltiOtl or 
.../«11"" 01 th..,ri""..,d the ,,, •• ".'00 oI_k 
prh1t1ng in the 15th century and Ih' org.nl",tiQn of 
knowttdgf In ~.n;h IIbra~es . I~ 

unprKtdenltd ;\<Cess to knowl«:!ge. 

In/o'''';I\Io" and CommunlQlIon TtdlnQlQgles (leT) 

... tht mom ....,~I tr.nsfOfmotk>n.1 belO'lI" 

.~n«. They tn.blt (los. an<;! .lrnQSl !n'!lInl.n~u. 

COU.bor311on bflwee n sdtntlm . 11 ov.rthe werld 
and they provide f<;c.$$ to un~tden!td volumes 

of .dfntifk Info.r"'",lon Ihn "n In tu rn be 
p<Q(t'~ on powerful «,mpo.nOllon.1 ~rms.. 
Many young., Kientitl, d~dpllMl would nOI ,~n 
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 ."!lwlrhout ace ... to mMe tKhnclogl .... T~!CT. 
bawd 'nfrOllrllCtu .... ( .. lnfr .. lrlKtu .... ) h;w. 

btcorrt an .. ...,t .. 1 foundation of 411 ...... "h arid 
InnQ\'lIIion, 

"'1< .. ~ed In the Euro~n Comml<.ioo ond EU 
Membtr Slat .. Investing In d~ .... nt doma." of.· 
InfRl!lNcturM.. TogKh ... we h .... bHn worIIlng on 

connKllng ' ... Nlth ..... Kho"",~ca!o".nd 
>1ud"",. through hlgh.pt<ed reea<eh networks like 
GE.t.m; p<OVIdl"fl ~slO s!\are<! grid and dO<Jd 
(Qmp,tlng bdlrtlel, and citvt'Io$IInQ 

'U~ftOmpullng capacity fer very demanding 
appllc.tlen. throughlhe European ~MroIolp 

PRACl Te compleml'nt Ihese citvt'icp:nents. Europe 
I. piJlllng th, '*fdI for the em, rgen" of. ",bu.1 
platfo<m for a«:11 •• rId f><e'>I'IVrtion of .ru.ntific 
Inform.>tion. 

.oJ1 tto« •• ~ .rId will rem.1n Importonl element> 
underplnnl,,!! European .... INfth .nd Innovation 
pollO ... II_.~" ... lth ",b"" Inh"ructu'ef<>,d,rt. 

IflInsrrllSiQn .nd dat. proxelSlng In pi", .. WfI 'an 

now Start to think .bout the ntxt!lop: dot. !Helf. My 
vllion ~ a .cienllfic communlly Ih.l d.,., nOl w.>le 

,.,.,.,,, .. on ,tcrNting dol. that h..,.. 41,.ady IIHn 

prcdiJcad, In partleu'" if public money ha. h.lpod 
10 ce~Kllhcs. dOl. In Iht flnt plac ... Scient .. " 
should be ablelo concen\T~1e on Ihe btll "',*,10 
makf: u,~ ofo:lolo. I).,!. become an Inl",,, ru<ture 
th.1 KO!ntl<e r;.,n use On Illek w;>Y 10 n~ frontll!<>--

Making thh. ~allty Isa moredifflcult t",kthan ~ 
may SHm. TecoAKt. curate, preserve and make 

..... lIabie ~r4",,,,,,,1n9 an\QUnt:\ of Kientlflc dot ... 

n.rw \YPC!S of 1nf''''I'''''u~ wWI be ne-eded The 
POI'nll,1 bo<af~1 "'" t nOm><lu' but the 'ame 10 
lrue f"'IM costs. We therefore nHd 10 loy the rlghl 
fcundallcn. ""d the .eon ... we .!.!Irt 1M t:..t~,. Thl. 
~port oftl>e Hirjh~~ Group on S<:1enlil'lc Dot. 
win be an Inv.lv.b~ 1nput rorform"lotlny our 

..-.Nfth.rId .-..-ch..jnfr .. t""'"~ ,.o1id11. 1lnvl'" 

~...., dll ... n arid ~ry e .... 001"'llo" hwclYed In 
scientific (l1elldo to lakl note of this (epc<t.nd to 

u!.e it as a rtfo rtnCl pelnt when dlsc""lng Iho 
pr\or;til1 of EU r~ .. fth I ..... OStmtnt .. 

_ H. Kr_ 

Ifor.p,.tlldonlof 1M Eu~n CommItslon. 
~.pon j.1>1t fO( Ih. D/gilDI i\g<nd<o 

.,~ •• T~l"'vl 

Changing the Conduct of Science in the Information Age June 28, 2011 

66 European Union 



   

   

   

    

   

 
             

           
     

               
            
            

             
             

             

            
                 

           

         

             
        

                
              

            
             

             

              

               
            

            
     

 
 

   

    

 
              

           
            

              
              

           
           
               

            

            

             
           

        
              

         

              
               

            
             

           

             
               

          
           

    

 
 

nOM THE CHAIR 

On the challenges ahead 

I 
prtoStnt th~ rtpo<t of th. ~~h ~~I Group on th.futur~ of ,"'-ntlfl< do",. Th~ 
Impo<t.n<~ offadn~ uplC the challenge. t..fc~ u, 10 crucial il"£uropHn 
""",b,,,h II tc remain 01 th. leodlng!tdg. glcbony. 

Tho: ' .. u~lng 1l<:1k>n$1hat W1<1>'OP'»e w~1 ~ all"",., cf """,,"'h, not ju>1 big 
sclenct_ Thll 'Mgt has be<:n refltcled In 'h~ g«)IJpa. wt h_ cOMidtrt<l th~ 

Impact cn. /0, u"mp~. the human ~m.. publl,hlng. .nd blc.dj"""lty In addition 
te la'ge '''It ,natlenal,clerKe fll<:~lllM. Indeed, ~Mtlng ~ right wlD.offKt the w.y 
fM<'.,ch I; dcn~ In th~ futu",.nd wi. be Instrum..,t"lln en,uong Ihat tM 

cholleng", befo", ~ art solve<lln" hoU"ic way rath., than aUowlng IndMd ual 
discipline. te dig e nu..,cht<ll»ll~on>- JuSl how Sludenu wl~ be trained In tM 
fuluft, Or how the p"'feUI(lfl of'd"ta scl""tI""wlft be dtv.~ptd, " ... among Ihe 

QU~stlcn' the rMCl ullen of which I; stUI ,.".,Mng and will P'M"nt intellKtual 
cha~~ng .. fcr beth IIfIv.t~1y and publicly ,upportod fM<'a",h . Critical 1<1 
.. ~rythlng II hew tNst ca" net only be foolert<l but en,u,ed >c Ihat the'Flfth 

FrHdom ofKnowltOye'ls punued wilh vig,," ,fo,-Ih. g<>«l of all .oct.Iy. 

In ;>(Id~ion to Ih. High Ltvtl Group coming from" di"",,;ty of backgrounds. th. 

",ellne" of Ihe dj>cu"lon. and Ihe working atmoophe", h .... e been "delight and 
Ilh.nk 1M members /orthelre.'el~nl conlrlbulion,. "'~o my Ihanks to the 
Comml,.ion l!.llt wftC hWe entered InlO l h. deob"te with .n exemplary r:t.gfH of 
_".."lnd.,:ln., .. n"olt, lwould Ih to a.;knowledg. t~ •• ,,;,t.n.a Qft~. 

, ... ;0.." ptOp~ who <"m' lo th. group to ,h"", Ih.~ Ihough!> and .. perl""c' 

w~h u, ftom around Ihl world. 10 rappen. u, O .... 1d G~"'lta who brought lh. 
d~cu"ion' logWler Inte • «IM,enl structu", "nd bellOn plan. and 10 Rw:hlld 
Hudson whc mkKulous~ tcok ou, strtlm of conSCiouSng S kINs and tum..:j 

them 101<1' <oh,,,,nl "'POrt. 

JohnWood 
C/!{1r, 
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... ... 
EXECUTIVE SUMMARY 1Irlr 

A
fundatnff'lla' cha,aa.~"k of cur age I. Ih. 
ming lido of dat •• global d~.rw. valubblt 
and campi ... In th' ,.,.Im of ,clenc., Ih~ I. 

OOIh an opportunity Md " (h.!ler.ge. Thl~ f~r1. 
prepall!'d forthe eu",~n Commk.lcn~ 
Olreao, .. e·t;ene,,1 fOf Inlorm.Hon Soc~y and 

M~a.ldtmlflM Ih. b.n. ftt. and coSIO of 
K~.,"ln9 tM ~pm~1 of. fully functlon.1 e· 
Infra:ll"'ct u re for ><~nlifk data ••• 1'lem al<ead\l 
emerging ~~me.l.nd 'pOntant'OUlly ..:ro.. 'he 
globt. bur now In ne<!d of • f.r~""I<>o. global 
fr;>mo:work. Th. OulWffit wl l 1lI!. vhl KltnClfic 

..... 1: lexl~. ,.,Hable effk~nl. cfoss-disclpllnary 

..,d<,.,. .. ~. 

Th e ~n.fd • • '" b<<>ad. With. prOpC!f K;enlifk a . 
inh,t:u<lu, .. ..... ,...rt;h. 1'$ In diff.,..nt donuTns ,an 

(olL"t>o' '''on th e ... me <lata ... ~flnding now 
In.~ht>. They can 'horu data ... , H,IIy oe,os. the 

globe. bur al.., prote<'! 1'1 Inl<'grily and own .... hlp. 
They On use, re- u ... and e<>mblne &la, In,,.,.,I"g 
j>fiXIu<liY~y. Th.y~.n m.,... ~.,~ >Ofv<: t<>d"Y~ 

Grand Chant ngtl, such," dim ... (h.n9t and 

ent rg) .upply.lndeed.they can eng~. in wIIol. 
newk>rms of .cit nt lfic In!!llIIY, made posSible boJ 
tht unlmaglnablt powerof tht e·lnfra'1ru(1Ure 10 

find C<l ..... lotlQn .. draw In(e'tnctl and tlldt ~~ 
and information ot. sc.ltWI are only beqlnnlng !Q 

I". ForjQ(~" a wlIolt, th~ ~ i;:entll<;lal ~ 
'mpOWtlS amot.ulS 10 contribute more taslly 10 

' ~I $dtn' ~( prt><tl .. pOlilld,nj to g_m mOre 

etreu~1y wilh I(Ilid .... iden( • . and tht [u,opton 

and gl~1 «OfIomy to I xpano;i. 

aut th.,. a,. many cha~ngtl. How can we 
o<gonise .oo. • fltOOl,hly complkated global tffor1. 
wKh""t hlndtrln~ k.fl.,;lbl llty.ndoptnn .. ,l How 

do we Incenti\llse resell rchell. C<lmpan It$ ..... d 
Indl.IOu." to ((Hltribute thel, Qi;n data tathe 
e~nfra"l'\J(1u" _ whit •• HI tru<tlng .hllt ,hey can 
pfl>lKt 11011 , prt<.cy 0< Qi;nenhlp! How can WI 

managt lO prMern allthl. dol;>, cie>ptte changln~ 
tKhnologltlan<t nHd.) How Ie conn y the C<lnle'" 
and pnwen.ance of the d",.! How to p/I~ for 11a l ) 

0", .bien Is a sclentlfk e-infraslnKIUre Ihat 
.upport. >Nmltl •• "' .... use, re..,~ and tru.1 of 
dot ... In a •• nse. Ihe p!tyslcaland t<"<hnkal 
Inf,. stnKIU,e be<:ome<lnvlslbie and lhe dol. 
Ihem,,~ be(o_lht ... 1, .. ,,,,(1ure _ ••• Iuablt 

a."" On whl<h scltn(t, lechnolO9)l, 1101 oKOnomy 

aOO >ecIOly <an adYonc ... Our vlslon ~ Ihot. boJ 2030: 

• An m1<tholdtn. from KienlblS 10 notional 
autho~'''' lo tht gentlll publIC, are awarlof lhe 
('~K:01l,"p<>non<~ of e<m .. ",lng ~nd ,h.ri~g 

rt~ablt data ~odu<:td during tht<citnljf" 

Prt><tl •. 

• A.search..,. and pracmlOnt n f,om any discipline 
I~ ablt 10 find. a«tl. and p<O<:tlS the data Ihly 
noed. They can be eonftdtnl ... thel ' ~bll"YtO USf 

.nd "n<;lomand dot.>. and thly (fn .... alUiltt lhl 
df9~ to ..... hl<;h Ihotdol. can belru.,,",,-

• Produ~fl$ ofd¥(a btrItfit IlQm optnlng ~ to 
bn»d ..:<tI~ and preft r.o dtpooit tht~ d"a 
with eonftdtnct in ,ell.blt repOlitorits. A 

tr.mtwe ..... of repos~Oritl work 10 InttrnotlOMI 

.tandard!, 10 t n.ure thC'/ . ... ,ru.tworthy. 
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.,~~. '", .... , 

• Pubhdundlng nws, bKau~ funding I>odj., 
h""t conlldoncf matth"', Inwstm.nl> In 
..... a",h .... paying back """. dr.ld..,ds to 
_!e'1. thro'X)h In(,~std u'e end ''' "~ of 
.... bIkly gene, •• td data 

• Th~ Innov.>t1Ye P<>'Ne' of Ind u",), ""d en • .,..p~~ 
Is ham ... td b1 clea,.nd efficient Mrangtm.nts 
for ncn.nge of data bMw...., prlvllund public 
SKI"", allowing _prlat~ relurn. to both. 

• The public h~ /IC<:e>$W Md can makl! c,.a,tV<' 
u~ of .he huge a""'un, of dat~ ~.oIl11tJ1t; il can 
flso c<>ntrlbull!W Ihf data ,to,. a"d .nrk:h It. A~ 
can t.. Idfqullely tduc:altd Ind p,*parf!d to 
"",nflll ffl>m thl. lbundance of Informllion. 

• Pelky mlkl!, .. ,e Ible 10 ma1< .. dK\.ion. b.nfd 
on .clid ",iden"", Ind (an monitor Ihe impact< 

of IIr .. . de6<lons. G<N",nm",,' bKom .. m~ 
, ,,,,tworthy. 

• Global govlrn,",. promo,es InlemlltonoltN" 
and Interoperabllily. 

TIl ..... ~ G ,to. , .010 f.,..g""","m~'" In GH 'h~, ."d 

_ ~r. 'hcrt4bt of K\fon b1 v.no... EU 

InstftutiQn, _ bulkHng en woll! Itrudy bt9un leO'O<' 

t tle EU In ,.""m y ..... ond (omplem.mlng tlfcrt. In 

tht Us. Jl pan and tl.......,.,.' t In the wOOd 

I . Oeve lop an Intlrnationallra meworlr. lor . 
ColI.l>o",tive O.t. Infr .. tructuN 

Th U merglng Infr."Ncture for s.clen. 1f\e dol. mu" 
be ~lbI. but ~lIIbI •.• eeu,.~", open. local Md 

global . .>fI'ordabit yet hlgh~rfQnnan(". Tht,. b no 

onf,O'Chnology thlt cln /lChle •• Ital. So Wt nHd I 

broad, con<~uol 'r>rml'WCr1< fe< hew d ill'",.nt 
companies, lMlkutes, unlvt,,~1es, ~..,nmtnts and 

In<1lviduals wOuid Inle"," with tlte >}'Stem. ~ cal 
.lrb f,.moworka CoIlal;ro,"iV1! Data Inf,""",ctu,,,, 
.nd we u'ge tn., Europe .... Comml«lon '0 ~ele, .. ~ 
iOII'ort. _I~ Europe;>ltd MOUnd ,he globe _ to mak@n 
,eaL 

2 . Earmark.dditiona l lundolorKientilic: e · 
inlrastructur. 

Oe\te1opment of e.jn',astNClure for s.clentlfk dlla 

wil l cosl money. olMou.ty - MId as Ihere I. a 
.ignlflcanl e ltmen1 of ""bll<; good In thi .. '" Ihe,. 
mu,' be a 'Ignlfu; .... t dog," of ""blic ,upPort. en_ 
olMou. >OII"'t k found In the EU\ SI,u"u,ai Funds 
-a pertlon of the budget mostly u~tobulld road., 
Industrial pIIrks and ethe, key Infra>'lIUClure. 

.argtte<l", thos. regIOns of Europe mosl ln "ted. 
AI",o<:iy, • PO"""" <>f'~i> ""d9~ I, r.tm..-Md f<>t 
,~arch and Innovltion,in( llIding dig~.1 
Inf,a>'lrUClure. We can upon tht Euro"""n CouncH 10 

eXpor1d th. funding pos.lbllrtle .. 

l . D .... lopand use new wayoto m.nur. 
data value, a nd Nw.rdtko .. who 
contribut. it 

,,_ a~ to ..,c:ru'age bro.tder use. ""d ......... of 
.~nlifi( dal''''' nHd me ... beuefw"Y< to 

measu" II! ImpllCl .nd quallt)l. We U'lI' tht 
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EU<OptiOn Comm~'1on to I.odth. study of how to 
, ... alOl _anlngfull'lWlrlc~ In coUabolation with the 
'powe,u .. ,,'I" Indu,try and acao:J.mLo, and In 
COOpellllOt'l w~h Inwn",loMI bodie'$.. 

4. Train a new lIen.rat'on of data ,.dent'st .. 
and broaden public understandinll 

We urgoth ... the European Commls,lon promOte. 
and 11\.0 membe<~t/lte> /Idopt. n".. pe1iclts 10 toste, 
thc o:J.,.lopmeni of odv.n~-dogr~ prog,ommfl 
at ou, major untv.rsltles for the emerging neld of 
data st enll,t. ~ al:so u~ the ..... mbe'""ates to 
Inciuo. data manag ...... n! and governance 
CQn,idt'''ion. In the cumcul. of the~ ,I'(ondary 
'ch""l~ os part oflh. IT f.m~;"ri1.ti<ln program....., 
th.t . ... ber;omlng (ommon In Europe" lIduation. 

S. erette incentives for g~en temnologies 
in I~e d.l.lnfr .. t .... cl ..... 

CompUle« "Sf energy; and as thttlde of scientific 
d .... rt..s funher the energy consumptfOn Mk> rISing 
In t,"dMl. We u'llt thl European InstllutlOnS. as 
they r lt'J~ pI~nI to< COl man~em.nl and energy 
effIcIentY. to con.lde, th.lm~ of ,·lnf, .. ",uClu", 
and p ... ~" poHcjtl nowthat wHI ,nSUA! We h ..... 
tht nf(t";SlIry ..... OUreeS to perfonn scllm •. 

6. Establi.h .. hillh·~veL inter-mini.tenal 
grouPO" aliloballevelto plan for data 
infr .. tructur. 

k makes no sense to<one country 01' region 10 0C1 

.IOnt_ W. urge the European Comml$$ion to Identity 
a group of International ... p ..... ntatlws who cOliId 

mM reg ularly to dlKU" the global governance of 
KlMt lflc Hnf,,,,,,uc!UA!. k .hOllId ;>I:so host the first 
such meetl"ll_ 
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I. Riding the wave 

W·"...,._"·" .... _"~---_'-" "~ c.u 
~""""'" 00< __ , '" \O<bo "" " ... I, _ ;mtl, "". I, 
"'''''' I, ""osoo " _..., _ -.. "1"''''' It>, ""t .... ')'~ 

.. "'" .. >n .• "'"'" ox- """,_., ~ ~ """1""'-""" 

..., ""T O en """". "" '"""" "'"_ c.u ~".noo, '<"'" '" .,," """~...., ""'''' __ ",'''' _ c.u ,"',.." ,,,",,,, 
,,_ I, to" ~_ • .." ''''''', .... ,,-.;, ,on-...., ... ~,.,.)''' on c.u 
","'" _''''''''''''_''' 'tcr_.>X"",,,, "' ... 
""",", " "'"..,,. """ "_ '''';.;)'. -. . ... ...xoiho """'" 
""""._ ..., .." ...... ,",,, " """'. """"dOO I, OX-, ...",. 
m'''.......,. .... <>;j'" "'_,~'_~_' ........ 

"_"" ' ~"'''' _~ ",~"" -.;, ••• x"_,, on .... 
... "'''''''' _" ""''''' _", _ OJ """,,"" ",,_. 

"-"""'''''~''' 

'" "" .. , -... ;,. , .... " ", " ........ ,,;.,u, ~~-1 """ '" 
"--"''"', _ . ..... ..., """" mo> . ... , ""'" ... 'M"', ""'" 
..., "" . .... , .... "" .,. """'"'" "OCO§ "~;.,.,, ~~0>"'1 - ~ " 
",,_ ton,.~" """"'"" _" ........... ~-.. ""'. " .,,' 
",w " .. h "'" '''I • "'1'-"' __ ,,~.., ""'''''' 'OHm 
no." .. """"""""" " .... ~ ____ ,"" ~'" 

__ cr , ._ " .. un;~ _ ~ '" w-'" ,,""',...,. ,-.0_"'" 
_" "', ••• , ~"''''''''' " ",'" to;,o """ ""'.~ .... """ 
,., _ ""' .. ,., ,,., ..... lJ; Lb ... '''''''9'''' ."'".." -1"""· "' .. 
"tom"" _"."" .. ~, ~ 000 " ;." ,, '<D-~""""" , ___ " .. 
",,"" """' .. ",,'""'" """" '" _ '" "" 'I'" ""t"'" '" """"'"'" 
" .... "W'Q;'t"" _"...,"" 

_t"""'m<)I_, ""' ""''',on "*"" , ... ""..,'" ..,., .... _..-..00" "...",,'" .... _1"_ """ .. ,, """" "...,., 

I. Riding the wave 

W·"...,._"·" .... _"~---_'-" "~ c.u 
~""""'" 00< __ , '" \O<bo "" " ... I, _ ;mtl, "". I, 
"'''''' I, ""osoo " _..., _ -.. "1"''''' It>, ""t .... ')'~ 

.. "'" .. >n .• "'"'" ox- """,_., ~ ~ """1""'-""" 

..., ""T O en """". "" '"""" "'"_ c.u ~".noo, '<"'" '" .,," """~...., ""'''' __ ",'''' _ c.u ,"',.." ,,,",,,, 
,,_ I, to" ~_ • .." ''''''', .... ,,-.;, ,on-...., ... ~,.,.)''' on c.u 
","'" _''''''''''''_''' 'tcr_.>X"",,,, "' ... 
""",", " "'"..,,. """ "_ '''';.;)'. -. . ... ...xoiho """'" 
""""._ ..., .." ...... ,",,, " """'. """"dOO I, OX-, ...",. 
m'''.......,. .... <>;j'" "'_,~'_~_' ........ 

"_"" ' ~"'''' _~ ",~"" -.;, ••• x"_,, on .... 
... "'''''''' _" ""''''' _", _ OJ """,,"" ",,_. 

"-"""'''''~''' 

'" "" .. , -... ;,. , .... " ", " ........ ,,;.,u, ~~-1 """ '" 
"--"''"', _ . ..... ..., """" mo> . ... , ""'" ... 'M"', ""'" 
..., "" . .... , .... "" .,. """'"'" "OCO§ "~;.,.,, ~~0>"'1 - ~ " 
",,_ ton,.~" """"'"" _" ........... ~-.. ""'. " .,,' 
",w " .. h "'" '''I • "'1'-"' __ ,,~.., ""'''''' 'OHm 
no." .. """"""""" " .... ~ ____ ,"" ~'" 

__ cr , ._ " .. un;~ _ ~ '" w-'" ,,""',...,. ,-.0_"'" 
_" "', ••• , ~"''''''''' " ",'" to;,o """ ""'.~ .... """ 
,., _ ""' .. ,., ,,., ..... lJ; Lb ... '''''''9'''' ."'".." -1"""· "' .. 
"tom"" _"."" .. ~, ~ 000 " ;." ,, '<D-~""""" , ___ " .. 
",,"" """' .. ",,'""'" """" '" _ '" "" 'I'" ""t"'" '" """"'"'" 
" .... "W'Q;'t"" _"...,"" 

_t"""'m<)I_, ""' ""''',on "*"" , ... ""..,'" ..,., .... _..-..00" "...",,'" .... _1"_ """ .. ,, """" "...,., 
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fHodt>ack loop bMwHn ~a«ht" and ~arch mu l" chanQ" tnt pact and 
dktolon of ~sc"'m. Tht "'vlrtual lab" Is alrNdy "' ... with tht al>~ty to 
und.rta!<. op"~ ..... nt> on largelnstnJments In ott>.< contin,nto mnotely In ",a l 

time. Re .... rdlell w~h w!<:ltt)' differ"'" t>ack9roundl .lrom In" hum~nkotl and 
>Od~1 J<:~"''' to the ph)'>k:~1. 1>01095a>I.nd eng lnetflng J<:lencei - Can 
coIlabordtt On tn" la~ Itt of data from dilft<en, pt"peqlves. tnOe.ed, we Pt9"' 
to.ft what scmt' h .. .callo-d a"'fcutth parodlgm' of sc.nct _lMyond 

o~"'aticn. th.....-y and simulation. and Imo a nN< ",aim of ... p""atlon d~n 
by m",'ng n_ln>l9hto Irom .... t, d~ data sets. fer the first tim • . large...,ale 
and oomple, ' whole OOd)o ' sorution, bKome oo'lll>e lo, scme of ..xlety\ 
Grand Chall...,ge, 01 energy and wale' lUPpIy. global wa,mlng. and h..,~h<a'e. 

),"t hew wll ..., train ~ple to work In th~ .nvlron ..... nt) What tocl. wHi w. 

n..a to mow. .to<~ p~"", and mine thfl e data! Hew to 'ha", them? Howto 
una-",and memo t you a", In a different .dentific dlsclpUne than that In which 

tht)' w,... '",atO<ll A •• ~"'(he', hew wi l YQU know th, data you .« ... 1 on 
aneth. r cont,nent art aceu,at., un'Grrupied and unbia >edl What ifth", . data 
""Iude ","'l nal det.ils _ individual n.anh '''''ordl, ftn.no.1 nfo<mation or 

inwne! habit.~ Th .. e O<e Just a few of tM PfO/ound polky qu .. ticn. po.ed by 

this new age of d.n a4nt.n.1ve ..:Iene.. 

No .. " .", in t"~ ,..Grid a,. th.,.q"~,.lo'" _~" .... y odd, .. x<i. But ... ~H.~ 

Europt has ,s~.1 ""pon, ibility to Iud, ,.>tht< Ihan to ",a(\, In this domain. 
The EuroPtan RHea«h A"'a - dtlpI~ ltl cfI.ncttd di1llo;lJ~lO'> _ "main. today 

on,of tn. tOp thrM Sdentific pOWe" of t he world. .Ind If ..... a,urfd by Ihe 
numbtr of publbhed sclenl iflc paP"" .Iont. ~ oYl'produc'l tht US and Jap.lJ\; K 
thUl <;entntwlos II'IQ" Ih~n ~. f.l"ha" to tht scltntlfk: c\ala UOt. Jli.jl that a~o 
""'anJ ~ hal unique lkli~ to adc!rffl tile ~halltnQOS, through the j!'..,gth of M. 

btn "'ta«h Inj!~ution., Iht dlv,,,1ty of ~'I«hnlcail",n~ andthe unlq .... 

obili!'! of ltl ~.((h'ft to (oiabol.~ across bofders. Indunl~' and dbdplin.s. 

Throughout human hlllo,\,. Ih, inter.el;nion betwMn l'lenct and the 

technology lor rt<ordlng ~ has bHn ~p and ",Qdu<;tlvt. ln the nimh " nt" ry, 
tilt IprNd of p.l",' underpinned tht Goiden Ageof 1.laml<; SCI ... (~ al G,ft\! 
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and Ibm." wo,ks ef "'ltnc~ _~ t ,an,l.to<l and th.." 'u~,~ from the 

15th century enwud, th~ printlng 1'1''''' po1mitto<l ",hoI • ..nlpte tr;w~ for and 
wid. _ so I Cepornlcu. could mCA' e .. lly Influtn<e a G.1U1PO. In Just th. post 60 
'f(',\1'$ wt: h""" ,,,,,,n Informlltlcn .nd cornrnunlClItlOn, tl:<hnclcgies .pplled to 
,uch dI .... "e ft~kb .. ~odIlng the mccn, h.m ... ,lng nucleareoergy and 

bt9lnnlng to con'lOI "'~,. 

In th" ... pert we " '" net trying to SKOndilu ... , the futuA'; ~ wNI cMalnly 0.. 
di~ ... nt from anything wt: can Imagln~ now. But what wt: can de I. to pu.h fer 

the diIJIcu l' policy qu .... ion' to be add,...,ed .• 0 'hot Impo<tan' 01"1(:0"1, .... nOi 
cIcsed off .nd , hoe ,de",. done too,,", wiD be .v.llllbl. to r ...... rch." 'omorrow. 
Wf1. pelnt to .. palhw,,", that ,,""hn'*(9)N1tut rar - bas.ed on conctpl$ broad 
enough to emb,act whlu.ve, ~ form> of information and commun"atlon. 
tKhnelcg ies we develop OW', the ne.t gene",tlen. lh" ,.-qui,... dN<"Ioping 

prlnclpI ... for Int~e~,abllity (t«l1nl"'L ~mantlc.leglL and e th"I1) ..... ,Ifkatlen 
and ",Ii;>b~~y - .t lo<;aL ,tgionaland gklbal ''''It. It .-.qui,.., nt-w In,,,,lovl!"< for 
,haring and prQ1~11'Ig dati of diff<r,.nt typt$, wheth. rthat data" p"';ou. and 

guardtd Or abundant and optn. And it ,..quire-> a framewon. 10 r..-it-w aU th..wo 
principiI!"< at ,eguLl, Intt<VI I •. 

The Euroope~n UMon ha, In Irnpcrt.ln~ ccoR!lnati ng <01. In IOhlWlng thl, vl.lon 
- "'<ou9h ;\> O;g~QI .o.g~nd.o, ~, f,.mew<>,k F'rog'.mm~ Qnd th~ !X'1ki~, 

ernbodiod In it, Eu<c~an R ..... ~h A",aln~iatlv .... ECj<lal~, tht'" "tht 

opportun~y forth. EU In'titUllon.te I .. d In «eating I common, world~de 
vl.ion. Tht EU (omPf1~lvtn ... ' Counc~ of I.lte 2009' ,aUed en tht [u<cptan 
Com m if. O)n to addre!' tht IlSue of t·lnt'Hlru (1U,.. fo, W e nct , and thl. Hig h 
tAYlIi G<cup IS port of ' hat el'rort. A$ wt: pub~,h th l$ '''PO'', the p!Odu(1 of ,b< 

mont~l of ~olle<;tlvt thought and ~al<ch, Wt now "lion the EU Inst ~Ulionl to 
mO\lt bt)'ond study and Into l(1ien. 

we ~(e on th e ver9~ of J g">'1 nt-w INp In l(ltnliflc CJp"bllity, hI,11ed by dO"'. 
Wt h;Wt J vilien of how Eu<cpt <:euld btntf1' ""ht , th" ,ufft~ lead 'NIh" Ih.n 
follow. ilut we urgt l~ Wt must lum to rIdt tht da .. W;Wf. 

Keep constantly In 
mind In how many 
tlllngs you rourselt 
have witnessed 
changu already, 

The universe Is 
change, lUe I:!i 

understanding. 

MQr(UIAu,../itl~ 

J]!.JIJI) 
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II. Welcome to the data world 

"We humans have bunt a crutlvlty machIne. It's the sum ollhree 
thIngs: a few hundrt'd million compute", a communication system 
(onnHling lliosl' computers, and some millions 01 human IJ.elngs 
using those (omputers and communications" 

Vernor I'Ing" 

W
e 1M! In lh~ Ink>rm~1on All<" ~nd nowhe~" that n~me mort ~pt 'h~n 
In $(~n, • • nd 100010001o9y. Tt<:hnl~. llnf<mnallon In d form~ wh.lh~f 

n.tln1o, IrnagM, formu la. or know·how In the broadest "'n'" of the 
t.rm, has .ktody lr.n,fo<mO'd ourvl .... of thtwa1d - and mudo mo~ I. yt1 to 

com ... A frN "amp ... to .ktotrn OUllht poo.~Hlrl ... hINd: 

• 'u,,.nlly, .bout 2.S petabyt ... _ more than. millon, billion data unit. _ .rt 
.tort<! _.y _to yw for mammogramm .. In th US .ione.' Worl\1-wid,., 
.ome nUma, .. me,Hcailmage. of.1I kmd. will soon .m""nl to 31m of.1I 
data 'lO<ag • .' n.e •• could be • 90Idm.,. of dat. ror e »ldemiolog1cal and 
DNg re.earch. If made .C( .... lbI. In .pproP<ial~y .nGnymll«i form 10 
",,,,,,,,<h..-.. 

• 'Sm~" m~rI·fo"l..:t,"~y«>nsumptio .. nOW being Inst~n..:lln mIIrry EU 
COl.Inlr\e1, prodUct I~ tqulv,lent of on. CO-IQM of d ..... to, "'''' ncusencld 
.... t1'yyNr. Sc~ltlh'l up 10 1 00 mpnon hOu~hol~. and y<>u howe a vast 
repo:s~ory of dall (I), ~nomlc and bthav!o-ur.lanolysis of ptOplt~ tnttgy 
COnSumpilKln.· 

• Astronomy Is. ~1~rtC09n~ ';>o\w' u~r'of d ..... - but WfI ,,. b.>~ry aI Ih. 
st." otth~ tr~nd. From 202Q, tht Squ,,, I(llemWt AI,ay, • new k1ltml(len.1 
,;>die ttlts«>pt on thl d'ilWk1g ~r<L «>uld gtnt'all 1 pet.byt:. of data 
"""'Y 20 s«onds - ~ fi~.J>o .. of numbo<> ",qulnng unimaginable 
processing j)OWt<! V., !hili dill. w~1 pu,h ,h.'''''lu of lhe observ.l:Mt 
unlv<!~ 0'" by l)llilons of S.laxiH, pe,h.~ b,)ck lothe fi", moments ;me' 

thl 81g 8ang. 
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• Thl> cl ntury _«I with the fi"t ·readlng' ofth. human g.nom~ 8y Augun 
2009, dlgkal fKcrdson mcrethan 2SObillicn DNA bo .... from variou, 

,~", ..... stor..:! In tho U~ 9O".rn"...nt~ public Gonaank dotat..n.' .nd.n 

ent~eI)I new dbdplille of 'CI""ce had "",~rg~ ')'St~m. biolo9Y. Thil U$~ 
compu~" to .Imuloto:, ot the .ut,.mcl~ l a, I .. el .... ctry how DNA, protein. 
and the Othe' chemical componen" of Ij~ Interact _ and in time, ~ wUl 

lran,form Ih. practicl of hl .lth seliPnc ... "Organl<"" function In .n 
int"9rotod manne,_but bIologilts h......, hlstorlcall)< studl«! (thflnl pan by 

patt.'sald Ncbei l.>ufHIe InvId aa~lmo~. Sys~m' biology' I, a critlc.1 
scOen<e of the futu~ lhat.~ to un de,.,tand the Inttg'otioo 01 the plece$ to 

form bIo109ical .)'Stems'-

'" th ....... mpWs ,ugg~t. the InCrNst In scliPnUlk data I,n' ,Imp/)'. qu ... !ioo 
of more information. mo~ stora.ge dI,ks and mc~ optical pI~ 10 ~ ~ all
though that I, ",na lnly part of II. ~ Is mo,.. proft>und th.n thot: ~ ch.ng ... the 

W/rf WI do Our sci.""" .nd o~n' enll,..1)' n..,... fio ld> of ....., .... (h. 

And Ih ... n.w tIold> ,.,qui,... from thuI.n •• n Inttm.~on .1 tffon. On. G1,,..nl 
project. 1000 Geno".... " , I. comparing Ih. completo ONA .equ.n",. of more 

Ih.n 1.000 ItIdIYldu.1< from ifoun<!lh. world to d<'fln. wMI mak .. u, diffe rent 

!<om on. 'Mtht' -.n In~ulry w~h ot le.1st IS many hum.nl.t ic •• Klentific 
~"Qn.~ ~",phi<.a l lnfOn'l'l"lon 'Y"~m~ populorix~ In <;.o.;.gl. M'I>~ ..... 
(h.nglllglht w/rf WI study e<onomlo;, /lgt\(l.rltu,.I.nd ~mOg",phl( I,.nd> 
world.wldt. And Ih. globollntemet off.,., an tl<traordlnary nffi 1001 for 
bth..,li)u,al ~e.1n:h. E.p1d.mlolOglst. h ..... $Iudlt'd tho fre<!utncy wtth wMcn 
il'tOpie se • ..:h on lln. fo, Uyword$ sueh IS 'flu: ... WIrf to mOllito, elise ... 
Ip" a;d 01"", .....,.rch~ t rying 10 un~"'und hOW ~pJo would rNCt to 

pandemic ~I.ru. h..,.look~ ot 1"" Wlrf onllnl g.m.., In 'World ofWarqaft' 
(Qngfl9~1t 'round Ih. dlg~al equlll~I'"1 of dilast., to",l, ... due (Q IIOW 
dlse ... .wfl1rolltrott<jIe1." 
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'---"-"'-"',--"'_ ... -._-_ ... -..... -. ... _,-_ ... --, ... _"."". . ... _-_ ... -........... -..... _ •. ----"' ... ... , ...... .,.- .. .. , ... ""'" ........ 
. -,~-., .--........... -.-...,,-.... -

----.~ 

------.--
. = 

------.1--{ 
-150 ~ 

----HI- -.' 
.-----.... ~ . - -., .. . .....,.,.. .... _ ... -. ..... _ ............... ......,. .. ___ .dlL ~ ~ 
! ! ! 

(oft: ....... 'Ong. .... ~ .. 
• _,~1h .. 01""'.ol ... .....,.'""'.,on~ ... 
'"""tho~.n$p.o," 
Agm<J', ",'tlll ... po.><d 
..... P· .. " .. ifllO;O' * 
llYN .,111""bllll." I>f"~ 

tho 1"'1'<""" r .. ~. 
'....,.f~drl ... 

! ! I i I i i !!!Iliillii 

Bu! ~ "notlust what " Sludj«1 t:..! also who . ,udl .. ~ and ~ow. that I • • IFKINI 

by Ih~ dot. del.. for the fir>' II"", In lwo <O'"IU .... d growjn~ 
prQf .. <lona~""ion In .d~n«. n.w leT 1«11 •• lIow th. """, •• Ing i'wolv~m",,1 01 
amatt\l{);lh.", are .impl, 100 many .""",,,,.Iion. OlIqulrt<! for l ilt' p.-oIwiol1.1< 
I<> do ~ oil on 1hc1' own . ..... tx.m,.* 1s Ga~yZoQ, • Wtb portal through whkh 
amOl..,,, help .monome ... e.piore In. Unlw,se." 5~""'r>1ty monnoring 
clepono. 10. !a'ge ""en! on the powerof ob"'lVallon. ~ I...,. oflhou .. ndS of 
I'OluntHIS w~o Hnd I~tl< nolts on S~I .. in deflned a",a. Ie a cenl r.lol dJla 
""P<>'~Q""," r Q< In>lQn,,,,, 'h~ ~~d;,h ~~ ... (; ...... ~y ,,"ovl<l<u novlgQbIo 

\rbualln1elfacc Wn1<td 10 9tQ9raph;(al lnforO'l/ltiQon .ys~rnl-"Th_ tx.rnpl~ 
"'plt",nt an Irnportanl_laland poll!kallf~nd. ErnPQWtr1ng Informed ~~Iun· 

!<ienl~1S'w~I.~o trnPQWt l .e .. nee. 

....,., ... wI~ thi!. lead' Con$lde, IIvt dlvelSt ~MriO$th.t w. be~ to be 
toIl",1y po"lble In ~mln9 de<:adei. 

R\IfIt ..... .....,. . ...... 1 ... _ .nS,,,,,,,,,,, .... 
A.o ........ ,."" .. ".,_ • 

miU01<OP' """"n; • ..,., .. "11_ .... 
...... 9'" .... 01' .... "'" "HI '0"" .... ,.« poe"',"m ..," ........................ .... 
<1 ...... ,.>001.''' ........ , "" ..... """,.,,_ ....... 
._ ... .foId- A"."",," 
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S( EN ARI OS OFT rUlu 
~ ~.~~ 

5<enario I: 5<1" nc" and d atil management 
1>\,,"11 working In ~ 9tllO",icl PIOJ«t linking 

I .... m la,g~ labs aw,fou, conllMnl .. ~ ta.k of 

d!uo monag..",~m " Inl~n~. "group fro", tnlna ~ 
p"poring lofHej It. dola InlO In~ <0/11"" .. ",\ 

!>"O«<<ing ~pOlin •. AI the ,a"'. ~rn •• Ih~ ~I\ 
acto"nUng 1)'$1@"'showl; two ~a~h .ffort. 
ehewh, .. a.., !>thind l<htd"'~ due IQ • ",icn:>lcopt 

producing ,ub"'nandard doY; tnt dot. flowflOrn 

1M rnMMnt II aUlorn.tical~ bIod<t-d frorn Iht 

lYl~rn. Scme ofM¥le\ graduate Iludtnt>, 

n'I<O" .. hl~ •• '" .tylng '" •• rift o"«<:<'IU)' p.bI,.h~~ 
..... uMl frorn a cornpetlng glOup of _af\"he" • bul 

their own lab lIqulp""nt I, d/ffe",,\ SO the work· 

~ln need, 10 bt rnOdifl«1 NeXllSlut;" ",tottlng 
w~h .. ~" over a dispu~ btrwten IWO of lht 
.. , •• uch eonlO<"llum\ rn"",~ The.., 1$ M 
iI<'lum~ntovt< wI><> «>mlOl, what data btlo" and 

.Jf:"~~lIn9 o!"tht91"O'.1p"$ ...uf\"h ,..uPt>,Until 
It" settled. Iht d.lta bank Is holding alltht f~~ In 

&~. 

S<:" nario II: S<:hmc" and Ih" citizen 
Carlos bk ... bli9'. He w."h ... Ihern the w'Y' birO-

1oY .... ""'ks Canada ~~ - bOd ~ r...ds M. 
observaO"".'nloa .ys~m lor profes.lc>lIIl. Ie 
.nalyse. Out Wilking In atloid ""e doy. he spot. 

some1hlnglni.",,,lng _ an InS¥! ,~ In .n 

un0F«!*" ~act. He qutri.-Iht ..,mote dou,,",
for any ..,I ..... m Inforrnllion Ihat couk! explain It 

.nd then cheel<! In with hb feHow .mll ....... Thel' 
hypOthesI$; The In • ..a may haw chlnged III food 

p..,~"'n(t 10 a differ.,,1 planl .pe<"~ But Whyl 
C.,Io, pO'" hi! _ ..... Ion;."d In Ch. <oming 

.;IlI)'$ oth~ . nlhul~ts.re w.lchln~ for .llmll,.
anomaly. The fYI~m automat~ally I nalyse< th'" 
O~flV~Uonl. lr>iU Ihern more que~t+O"I, ~nd 
chfdu for Ineo,tfct informat ion. It all<> looks fOf 
COl"rflatlonl w~h Ofhfr dotabM. .. - wut her 

~tm~ soil ,ondlt~nl. maPi ofllo<~ dlslfibo.Jtlon . 

This ~31m d ObHMltlon .!IIOWI a proftlllOn.1 
enlomolog"t '0 It" h" hyp:)lhtll. on 'pr'lfen"ed 
"'''actors In thlOtk 1K0logkai plQ(foSl~·C.ricn " 

"knowledged In me 'es~ltIng Op-tn-K«Sl 
publ~lon. 
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SCENARIOS Of HIE fUTURE 

xenorlo HI: x lence a nd the data set 
~nn.i h ... a grant undolr which ,htls al~ fr .... 

acc,... to 10)'<' ..... of mNSU' ...... m. bv tIle9icbai 
cell-phone • ..,so, fll'twcr1<. .1e<M In (fCS" 

contln."tal.n:hl ..... Thkn~twork U ... IM 

m inial .... >tn><><l SIando n::Il n <fll phon"" 10 
monitQ' tcx.olletnptrotufll, ;tlr q".1~1, wind spwd. 
light 11'11",.11)'. noise Mis and <>th" P'O",mtI.rJ -

and links It 10 Gf'S 1""'",,01;"'. Theln"'''''at;", k .. 
kept I" "'lllonbl .,chlw!, with open interfac ... SO 
,esear<he~ (;til query IMm unWo<mly. WIth M' 

\"n'I, """,II ",." .. to In"",tlsl"c oo,.,.t .. \o"o 
~"n Ih •• nvI,,;mmtnt and th •• prud ofMln.SI 
_ and brlhe dlSl'ast Info""at~n •• ht Is Iookln~ at 

anonyll'll$ed, ge<Hllgged 1T>eI';Ige> S~ I b\I people 

menlk:nlr.g Ihe ~ .. _. She ItIlends 10 ctHn Ihe 
fe! ukl"9 d/l1II m ~nd make k publicly Ivllillble .... 

h., Un~tf'$lty\ Instllutklnal n!PO<~ry. F~m th ..... ~ 
(Quid ~mt th •• d.nlll'l( equivalent of. Top.4() 

,ong -~ bv OIherJ.lround Iht WO<1d. He, 
ch.nefl fOfltnUrI! rise. 

~ 
'!, " 

ScenariO tV: Sdence and the ,tudent 
Rooo" II wolklng on on Intem01icnal PhD. ~\ a 
relatively new prog,.m"",. In which a .Iudont 

appll ... to bKcm~ I ~mberof an Int~'na!lo",,1 
Ie"", wo<ltlng on a big I>'>bI~m thaI affKl. an 
~ple. His 9IVuP II <omp.>ring m;>oy form. of non· 
vt<bal communkatlon. betwHncultu..,. ~ ha. 

...... "'1 hund..-d m, mberJ.rod his unlv. rSity lulor 
l> one oflh. nodal points conlnb<!tlng expertise In 
'syne<glstk (ommunl",tlon be{ween bIologkal 

(Omp<>nenls,'OtherS In the ~elWOfl(ar. USing 

~"'~_">9k.l.vido .. « 10 ,Iudy <om",""ko'\on, 
IH\wttn ancltnl Mewp<>lamian and Ht N, nk 
cu~urH; some are nudylng comP\ltff.CompU1~ 

lnt~bCtlon. between differl!nt system~ ytI mort 
.In! studying communicaticns in 'tfugH camps. 
Each node ()nl ~butfl 10 Ih. whole. Results ' ff 

communl",.od IS Ihey happtn, and Iherl! are dally, 

vlrtua~l>'j>ltn(t plann!ng ""Ions, Rogtr hac! 10 

sign a COnlr6Ct not 10 misuse data or COntribUtf 
anything Ih~1 I!. n<>l for "'e oommon good - ,ud! ... 

e<tern;tlly SO"ret<! inbrrnaticn Ih" he hal not 

thorou~hly dlt<~fQr pfQ\/elllnct. 
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S(fl1a,loV: Sden<e and data-.harlng 

Incentives 

Hans. 'OO1lng In Ihe ba ... ~nl on. day. find. an 
old laptop with a .Idoc of Grandpa on • boal He 

I.a young man In IM.IeI.." wurlng adMng 
("'l"m~_ln th~ bad<ground i., ma"",llou. 
b.ach. The vide<> 9 .... en to show undfiwatf( 

,(en" w~h b4>rre fish end (eiQuriul (Q1"aL Th' 
.1:1001. entert.lnlng - bUI wherewas1l made) 

H.n. can gellhe .n'''''' In a f_ mlnules. He 
gOt-! online 10 a {enlral~fd mapp~9 .. <'VICe. 10 
whi<h he upk,,,,h port. of th* . id<o. The .c ..... M:e 

h O$ .mart .<»n,m.m .. (hlng .Igc<~h"", uSing 
hoge ~rtn(e CQlltctlons. Soon, difl"e",nt 
tnIIpping probal>Utles !l:Pnh, vitteo fragments 
are ",,""mod, polnllng QUlin. most probable 

.r .. whf,. Ih, llidoc <cu ld ho .. been made:Th 

Maldlw->, ~!l:Prtglobal warming drownfd Ihfm. 
ThI,Is. b~ofP'!rwn.ltrMa forHans. but a n~ 
dOl. lei fo, «Itnee. So there ~ a ptlct ford,e 
UfVlce: Hanl must 11'1 hll vkloo fragments I ..... In 
l he (enlr~1 dat.".. •. enriching ~ furth .. and 

ma~~g ~ ..... n more "",ful - lor pror.\llonal 
,dentksls. leo. 

A"'lh ... ~ n •• «..,arlo< fant.t<tkall Net atan. ThI1"~a ... alrudy hundrf!d< of 
projK1s. In th. Wand .~twn ..... Ihat are prKUroon Ie Ih. r.atu, .. dIPOcrlbod ., 
In.s. « ... arlo<. 

• The EuroPHn ~PKe Agency. 'Kognlslng thelmporta""e of~. sat.l l ~e data 
10, cimatoo<hang ....... a"'h. has I.unchod. Long.THm Oata P......,.,.lk>:> 

P«>!Ir~mm~ Ih", ml!f9~1 ~y earth ob!<eov",lon data from acrosl Europe" . At 
lhe lome 11""" l~ EIJ~ GENESI-OR PIOjc-ct l$ ,,,,,,ling. grid·ba<ed (omputlng 
'1stem for ac"",lng and pr<><:e<sing the huge amOunt of earth o~",o!lon 

data which w~1 bKom •• vollabl~ Both u'" fundam..,,,1 m uM from Ih. 
CASPAR EU projKt en how 10 IIfMftW dlg~al ly ..,{~ Inform.Hen. 

• Humanltt.. ......... dle".'" <<NIlng CLARIN. •• ystem to "'labD,h an 
1n't9I;'1!t<1 and Inl~oper.ble 'Mea,,;h InfrastruClureof langubge r.,ou"; ... 

and ' 001$.1. doing $0, . hl:)" ,"" al"""eIy tackling properdata rr'IIInag~mt nla" 

kty di~nslon oflne Sy>I.m Iorlh. «hola,." (ommunlty. 

• AmonolM" alOund the wend.", creating Ihe Inl~natlonal Virtual 
ObseOVolO'l' 10 .Uow 'MN",h~ e" ,,,ywhe,,, to ace ... and u~data from 
hund,ods ef .t<tronomlcal data <ources. ,t,l", 10 be IndudKl . ", ""U~, of 

CQmp<Jler mode16ny and 'Imulalkln _ for il i> nel i",1 rllW ebsc"'atOcn' thaI 
.... th. bu.",,,, of moder. astronomy, but also th' rncdd< built from Ih.m. 

• A$ p.rt ofFramtwe!lc Programm. 7, Ih' EUIOPHn Comminlon .nd EU 
member·n ......... I"" ... lIng In a bro.d range of ,-Inf,astructu", pro.tecu. The 

GEANT r ..... arch·d.n. nelworl<. for InnonOf. connKl. OVef40 mll~on users. 
8,000 In.U ullon. and (0 counl'ies." 0 .... .. project, provIelUCCe<IIO 
«><>p'''"'I~ go"ld-«>"'porting piotfQrnu, geYtlQP wp'",o"'pyting <~po<ity, 

,nd If)' th' 9"",ndw9r1< fort"" a(Of$! ,nd "'_"'alion of «J4,ntifk 
Inforrnadon. 

So, ~ Ihl. be dreaming, II Is don. w~h e)'ti Wide open. 8uI there remain many 
cha llenge! 10 "<Idrts~ ;t$ w.tL 

TIM> fulure of e·!nfraslrutlure for scientific dala !~ 
bright-and already, enensiY1! work is underway 
10 make it a reality_ 
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III. Facing up to the challenges 

C
.rtalnhl. autlR\l • K~nlitk wolld bos~ en .. Infras'(ructulfl will ne! b. 
."'1. ro, st.rt«>, It is lKhnkally ddl'kult. The ,,"ie and complftfty of 
this global w:50mlftc assl'1 * w~h .11 Its ............. In'trument>, WCOOI.olion • 

..,d networks - M: (OJIy ""'.~ The~.~ many planning pJr1.II~ C<)mJl>:)n 10 

.111"'11" Inf,,,,,ru(lu", prl)j«t .. The", CI" bet/,~ po.",' ,,,,hnk.1 0< 

"'du"''''' protMerm 'h.~ K unf«09ni<ed, <top .he 'h<tw. ~Ie can ge< k>dod 
Inle ,ub-optlmaltl'Chnck>glM, thin. cf the OWEfI1"r' lillRTY (CImpu~, 
k..,.bo.ord,. with k. In<"fflclenl t..1 now Immut.or.IayoUl. Ga~.)'S, orIgln.ny 
aNI..:! 10 Join cUspa,"" sys~m~ <.on IOI~ boco"," b.o,~" 10 progfM. In 
tl\l.:mselve... Sho,Herm fundln;;: decisions"", undermlne !h. ')'$,.",\ longt<· 
Ltf1'T1 /Ie •• lopment, WhO! works i:lelllor. local uSl:f <:ould hamper glob.ol 
Ji.,o.;tiQn,. 

Th.I~1 of p~f.lI. ~ leng. Sua .... ~uil ... cMul. caof"lInlt.d and agile 
planning. on • glcbol., wd .. EU Ie • ..t E~nf, .. !ruClu", for Klonee ~ en •• f,.. 
wh.", fr'9mentatlon of.ffo<t Is mer. th.n in""'~m.nl or "<"ffIc~nt; it h 
inimical But th.t«hni(:llluu01 or. onl~ Ihe t.,glnniog <A Ine challen9t< 10 tMr 

_r(Om .. Con'~r. 

• How wlilwe p"""M tne d.>ta) Alwe ~D have seen, the mecHa In which we 
store Infotm.lt~ choIngHon>t.ntiy - Irom magnetIC <011s, 10 !.lpe, to diSk. 
'0 ~D koy, .o'cfoud' .to,og~ .nd >0 on In An ~ndl ... choln of In.~"tfon ond 

obsol..sctnc .. wtlO1 wll l l;lt Ih' point of storing ,lllhlS Id .... ljfoc cIaIa it; , 
ctnlij/y Itom now; It has OtgI3<!td, bHn corn,o~ 0' 1$ ,Imply tOO difflcij~ 

ler anyone but a wfil~ulpped expert to uw) 

• HOW will we j)rctKt the In~,ity of tn. d~UI) Even today, It 1$ fIIsylo, a 
delfimllntd I ndlvld"al ' 0 ~Ilfif 0< eo"" pi dlg~.1 (I&.a Ilh Ink of . 1I# eon "'n\ 
(ontrow~owrWlklptdla e"trles.j Al thed01.ti<Hrisf.s Mghtr, howwlllwt 

.;let«! unauthorised , 11'!;IIlo",) SIoould '''.ry ,"""."'ht~ and Indm <IIItry 
<I1lRn, h",. ,",,''''Itoth, d",. "l'OIlto~t<l Slloul.;lth,~ be .;Iift.,."t lovel l 

of 01« "" .Ilow..!' 
• HowwHl ... convey th' (0111.", .nd P"'O"tnance oI'tn. d ... 1 Glv<!n .h, 

emerging """d .o m.ke.U prJblicly funded <ewoI",h dat. prJbYdy av.lLlble, 
JUSt h"'" will ust" from a wide ",ng' QI ba<kgrouncls un.;l.f5tan.;l and qut'Y 

.'Of.' r~1 """1 
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Ih~dala Ih~y ar. acc .. " ns. and ""'09nlst tht .!>Klal c~cum".nc •• U""'1f< 
willet. II w .. collKt..tl ...... udy. In m..tkal ....... 'ch. pot.nliaUy total .f,.," 
can ... f5<I by ' .... "h. " Inadl'«tently ml.ln'lf<prMing the drug,,"rlal dalO 
colleaed by O1herl; "Halled 'n>e1Hmaly$ls:to ma"age ,uch compltx ~ it<. i> 
farfromdcoe<t/lln sc~n""_ 

• flow wil l we pay for all this' """at new funding and bu,ine" ~Is wiD we 
nHd, so thot l'\Ifl'fOM' ........ ch ...... n'tIP"""- cklun.· haw adequott 
Inctntl~ to con,Obutt to th~ dot. lnfras'ructu,el Wltat kina. of dota. un~' 
what ckcurmtancM. .hould ~ f"",! 

• How w~ 1 we protm tht privacy of indt.ldu." Nnkedto tht data' We have 
already ~n how easy ~ I, lor ,u~ .... f~u.1dtd data • whtlh tr t<'lC 

IiIH Or htalth «<ora. "0 be 100t Or m"ust<i On one hand. ""' .... to this dat" 
Is vltalto ,""Nreht " "udylng the KOnomy or publk heakh. On tht ether 
hand, c.,elMsnH. In handHn~ t~ data compromjsf,. ours.fHy and _u~ty. 

flow will we fHOl~ tM. pa<ado>:.l 

M.ny oft" . .. I., u • • InvoW. tru.t. Oat .... lnltnslv •• d. "ce optrat" at" dlnance 
and in • distributed way. ofttn among P"Opit who have ntw:' met. n_r 
.poken . • nd, IOmt tlm ... n_rcornmunlc.t«l dl,..nly In any form whotsoew,. 
Th. y mu.1 .ha.re ,""ull~ opinion •• nd dala a. ~ they wert In 1M ..... ,OOm. But 

In ' Mh. they haw 1>0 rea l way of knowit>g forsu re It on Ihe olM'end of 'ht lin • . 
t hoy"";l1 find mo" 0' ..... ""In~. ooU_",IQ. 0' oompt"titO" ,.~.b~ ...... n~. 0' 

con,a .. l$\, ca~ 1 .rch;'~1 or data , lob. And 11>0 .. problem, cQn""," me,ely the 
Klenllfic community; wIIal3bout when ~ adr;la M\kr population J Many fleld. 

require Ih. publIC to coope,.1t In ,u~plyln~ d.lI. (W~lln9ty 0' MIl. flow wWI ~ 
Judge Ihe reHabH~y and authenticity of data Ihat moves from a ~ftonal a.rchW. 
Inlo a common .<;1tn~1'II; ~~Itoryllf Kltn" ~ to aMn". all (hest qUH~onl 
ofl"'" mun tit answtrrtd by Iht Inf'lIIln.rcturt, ~If, 

O ..... a. !nlra .. " .. roJ'~ 

OUr Itocl< of Intangible ~nowltdg, .• ~~ndlng it1l<>day~ hyPlf<'iPMdl, ntllds to 
i;)t IhO'.lght of fS a new kind of mtlln It<elf. lhat Ilf(Vt-I alL Ililuch. K 'tqu lrt-l 
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Inl .. op .... bllIl)' 

D/v~rsity is • domln.nt "alu r~ of .d~nllfl< Infoon~ kln • dIv .... ityof data 
brm~. and tyPfi. ool_lso of tn. ~t and ccmmunk" m~ gt_au and 
u>e Iht data. Mn within Ihe lam. ldemlflc community, th.re are dlffer.nt 
poIml of v~, differtnl ways of analysing , lh'rIng and handling da"" There II 

also dlv.rsf!y In now m. d~a .... stored, c~~rMd and map~ Th .... I. 
dov.rsity In who can ace .. , wh~ kinds of dat .. and how · from Ilgntly prottcMd 

mll~ary oat.mt~ lmag" 10 f_1y acc~"ltH Goog i. £artn vltwo. And ... 0<1t"'" 

/Id.ancei, d,,~~y II bound 10 IncreMe . 

.t.chievlng an Interoperable data Infral"""u", In tnt midSt of l ueh 

het~rogenf~Y" a ,lgnlflcanteh. ll.ng •. Non. ofm~ ~l.nllal o.n~. oflh. 
"'~nllfle d",. WINe wll b.- hamM~ unlM' - given Ihe proper ace ... r\ilht. - • 
~ eny and ehNp to rum"'"9" through relevant data fl lM onywt.e... In mtwond, 
In any r .. 1d. An epldl!mkllogls' in Gen""a "ud)'ing In.: late" nu vlru. wi l benefit 
greatly from btl ng ablelotap e<>slly ... ,,' DNAd~'" London of 1918 
$paohh flu ';<tim, _ and Ih. tpldfmlOIogI't~ work $houid ~ acewible to a 

poblie hN~h offidalln Hong Kong, a oystem. biologist In Son 01"'90 and a 
medical hlstoo1an In !!osten. That\ all po"lble today. but wnh grNt effort. ,kl," 
cosland II"",. ~ leap fDIWard In Int tfOperabllity wil l chang. mat 

In' .... lIve< 

!-low <an w' g~ rf"UKh, rs _ or indiltldu"" _ te contribut, toth. glebal d~a 
H1~ Only If lne data .. ffaslructu", become> ... pr.,ont.llll'e of Ih. work of all 

~aKh .... will k be u.tfu~ and for that. • great many "lentISl. and eklun. wi. 
hlV<! Ie decide ~ ls wOllh Ih~r whlie 10 .M", Ih.~ data. Wlthll> Ihe «mstrall>U 
t hoy _ To, .... w~h, .hi> .. il ""'1uln,th •• , hey.""ttho,y>lemto ~"k~ 

prOl~ and "",nos. a«to. to th'i'~; an In«nliv. "n t>t 111. hope of g~ln 
from oth.fi'dat .. without f.~ of 1o11ng meir own data. Bul for more valuab~ 

InfOrm~lOn. more direct InCtnt lve1 Wil l be noeded - from uIHr advanc."",nI. 
to rfpul~lon 10 e..sh. Dt'v1li1'19 the rlghl lnCfntllfl wlllfoK' chang.sln how our 
univtfltt .. a~ g~mtd .nd companlt< o ... ~nlstd. ThI,I. ,<>dal ttlgln •• rtng, 
notto ~unde'Ul<en hap" .. ardly. 

fiMnclal model • 
.... 1 of . hl, {<»I$ money - sowllo P<'YI. and ~owl To • eon.OIe",bI. "",en~ 
~ientifle .~n"" .. ruCfU'. reprf>'On'" publicgood. ~ 1$ vif~1 that gl)\lem"",nfl 

~nd "'X~fi ,tep In to provId. m. (rtll(l1 funding In tl>ose In,t ~n(f'" OU r data 
futv", wU look ~Nk ~ the public sector und,,~nvtot ... Of cou~e, IhO,.I, prlv~. 
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Sci .. ntific .. -i nfrastructu ... -a wi sh list 

Tho<loo l<l>" 

~f" ~".,,, .. fo , 

"*>ao .. 1 "" .. . 
h "" ' ~n' .,,,,,,,,,1 
cO,,>ct .. ; ~'" 
Ho .. " • .oo-.o 

''''''''~ >on, 

• ."' on " .... """" .... ~ ... ~"do .. ,.,....,,,,,,. ... bo II"'R'_ 

'" " p"".d """"" ">"'" 

• _...., oon_oig<""" ' __ "''"".'''''_~1oo'on 

I.", "" ,"' " .... <""""" " .... <..,.,.,-",;'" 

• ""'_ ,.,."" """ -.. ' ''' , . " " ~ ' ...... "-'JO """"' " IT,,"'"'''''''''' "')n' '''' ""'''' .. ,,'', " .... .--m1oo 

• ' '''''''I'''''''§ '''' ",-",",,,,,,,, .. ""1-""'''' 
~~,..... ,....,'''''''''' 

• '''0'''''' '""'" ~,,_"_"rup" M'"n""' ''_ ... on .... 
~,-

• _._~"""m." ""'''''_''' '' >g __ 
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gain", w.N. WIo.n I gOWfnm.nlllboullory ccnl,ibulH ~, ,_ ' ....... ch dati 10 

Ih~ glcbal "-nf, ... uUCIu,., ~ 15 c.ruolnly u.lng prlvat~ u .. " Ih • .,.~n .. of 
,unning thosoo .,.~rlm~nl> on Ih~~ own. (qullly, when I pmll. cDmpon1 

(:Onlrlbulei ~,own r~ei 10 til. ,y,t.11\ ~ .1>0 h.,ps th. pubic ... ,urch.rs, ~ I> 
Imp:>ttlnt to devllc fun(llng me.;hanhm' thM .nable al l 10 ccntnbute II ~1I.s 

to bon"-", Ihrough an "'CfHied ,,",um on In.Htm. nl 

Th ••• h'UH cln bo ,...,.,,«1, w. have ",~rlenc. of pall chong .. In how we 

'\o~, , h .... and manage •• I""ble ... st,s. 11$ 'he Ie.;hrtOk>91 oflood anc 
trlnsjXlf1 ,"",oived, >ocie1y moved from ."'f .. uppOnin~ farmers to IOWn mIlrkels. 

and from market. to. r3nge of ,upermarket< Ind spedalty ,hops. In finance, ~ 
""""td from prl>'lI. hoard. Ie communll banks to Internllienal mlr1<..,., The 
.. "'" polh from .,divldual ccnlrol to Int .. nlUcnai =hlnge must ~ trodden 
b<j dill -Ind...", k I> IIINdy hlp~nlng, 

It Is Important to devise funding me(llanism~tllat 
l!nable aUto contribute as well as to benefit, 
throughan increased return an investment. 
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Col "" ", _ "" ... ~ m , . ,,", ... n ,_ ."._ , .. , .... ~"''"'"'' """'~1" 0-
""~ 

_"" "''"''" ~'''_ ~ __ ,, __ , __ ""n,.",,""'" ",-bo 

""""~ -"" ... ~ """ """;"'''' '" ,'" .,,~ ,.,.. ,'" -",,; .... ,,"" "'" "" ,. 
'''''''''' ' bo ~~"," '" oon_' 

_ ,., '" """'". '''_ ...... ""' __ ;,.'" ,., _""" h""" tv .. , ,, ... 

""'" "" " "",,.,_ ",,,., ......... ~ ' .... poh"""",,, ~_,,,,un.,,, "," 
"'., ..... ... "0"""' 

- ,., "' ..-.--..-. ~-""""""" ~~;p;no,..".."... " ., """"' ...... "" . 
",,;p;n~1 ""I" ~_ .... ""'" "'.' 

_ ' ''' ... ...., ......... rut _to""""""" to)OOd ""'" "'>""" "","'" rut 

~- ' '''-''''''''~''''' """ 

_do", _""" h ~-.-. "~"";'1- -OO' .. ;V " "" M." " 
""-"-'" "" , ... "' . ... ,~,,,' ~ .... , .. ,," oorrmx;'f' 

_do ... _ , .. , ... ~""''1 ",_"",,,,,,,.,, "'''' ,"" _ , .. -,;" '" bo_ 

~~- ...... ...., '" ""'§ - -"",." , 

_'''' ... """"",x" ...... .". .... ..",,'" g_~ ___ "b" ......,~ 
-~ .. ,,~ 
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Sd .. . 1i< o-.. In •• "' .... _"""" do.II ...... "'~""""~, 

"""~ ... "' ...... _"., ... ,;",",","_ .tono,t_'" ""-"'''''''c.""" """"., "" "' _ _ 'om_' 

_ "., .. ~"" .... .".." """" "'" ,,'.n"" "'" d"","",~;"" """"wt 
"".""",, ~ ..... """ ~~ 

_"., .. """'_ ",,_.d_ ''''..., _. M~'''' hm_cr _ ,,, bo 
,;g,t ~ """do"""'" n ,,;>,.., ~ ".no W"f' 

_do_' .. .. ., .... "';ru, .""'''''~ ..... __ " • ....., _"" ..., 
__ do"'''"''_t~,.,"",,, ~ ........... Wi..., ."~"" '" ><m "" "'" 

."."' .... ' 
_ '"' .... ~,,,",,',, ....... t_'''''''''',. _~ do" , .. _,~ '" 

.".. '"' .... ,_ ..... _ ...,., .. " .... ,,,,,,,,,,0< ""~ to """"t~" ~,,, '" 
"'"",_>om '-''''''''"'''I '' _. ,,,,,",,,,, 

",w "' ;" '" "" ;' ru _ ' ''' ... OW, ><'" ... ,,-., " "" '" ____ .._...: .." ""'" ~ "., _..""" 

""'" "'''''' "I ''''''.'''' ,~ """"~ 

... """~ •• '" ~ " ....... , .".. '"' .. '" '-'" .", ... """mt~"''"'"'' .. ,_tWO "'" .... "" 
"""'-..."'" ~ .... '-"-"';n """,,~ """ '"' ... "'" en ~"''''''''' ' ''''"''~ ~ bo 
~ .. 
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IV. A vision for 2030 

T:;'M",," "' ~,., .. , . ... "'''''''.".'''''' ",t",.m, ~, . 

""'," ",W~_._"'"_",,, _.,.,..."' ~ "'i"", "" 
,,,,,,,t ~_t "'" .... ""~ ... bo ... ~ :1JiIJ, w: '" ' ''' _ """ 

~".j ~""""" "",,,it,,,,,.., bo ... it ~,., .. , . ...... "''''.,,~_ 

.... ""'" oon~ " "'oO<j\ .... "'00<r0!"" "....,. "" '" ""'" "" 
to, ... ,,"-""""", _ en " __ p>nt ~ .... _ 100 "''''' ~".""" " 

~"'"""'~ ,..--, """ '''' ""'" "'" " ."" ... " "lO'" • • " .. ~ 
""'" ... "'" ~"."""" "'om<; ~"_ .." h " .. -.-..'" h ... 
toromo ~",,",',, _. """""' .. ",on""'" ~_. -.,""""'" h 

"'''''''''I''''' _ '''' """". "" ... ""'" '" n _ on 00< "1" 
M"''''''~'"_ '''''' __ '''' _ _ -'''_ 

,All "' ... ~,.", f,, ~ ""","~,,, oo" on. ,,,," ,,iti . ,,, th o 
, ...... , "~ i < ....... " ,fth . ff " '" i ~ ,"'t .. ""f ""...-i" 
,,' ' h .. ~ , , ~. ". ,,,. ",,,,,,,,,, ,,. i,,, tho " im " P'"'''' 

-.;, ""I , 0Stj """"-,, - w: it" ~ '" """.on....,,,! ,,, _h .... '''' 
~","" ""''"'I ~ ,on"'" "-',on .... hOm"'" "," _ -..., ",,0. h 
"""~ ,""''''' M""", "'" ~O."'" """,,,,;,,,,,, "'" ,...,.-oj " 
""'" _"'"'"' mxh" it.,,,, ,, ._ "."'" "" ,,-,,""_ 
yom; '" "'''''''1--'' """-. .. """h"m.,,_ W:",.., 
","",,,,, toromo"to """"'"'" '" _ . """.-.., .... ,,~ .. , " 
""l"I" "' ... """"JO 00< "" ~,., .. , . hn;,,,,,-,,,, """""t" -"to<'" i """ , .... ~O"""" ""to '" .,.",." ,"" """"", 
",,,,,,","" ,;""" ",,-, """ ." """",. "-1 "'''''''' '" 
"'-_""" "I"""""""""' 
~"" • • " " ,, "","',,'" """" "..ot ... "",,, ""'.,,"'''' 
" ' " ' ''. ,''''' "",,,,,,>,, __ t ,,,,,,, "". ' '''_ """"'''''''-'t _ .. _~ ... "'~",,<"""""'"'. _n"'_ '_on, it ... bo 

",. 
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2. Resuuhers and practitioners from any discipline are able to find. 
Kceos and proceos the data t .... y need. They un be confident in 
their ability to use Ind understand dlta, and theyun eva luate 
the degree to which thl t dati cln betruoted. 

bpHtoodlmpa<l' ~~,(hen (.>" ,<>day iKC<:$> ""Wn~ >(lUll)!!<, 001 k 1$ ~ ~"'~II 

fr.ctIon of all dal' pnxlLKiI'd. In fulUf~ 'he b..,.,lth and d.plh of data ..... II.bI. 
to 'hem wi. grow d,omOllcoli)o, wh~lhenhelrdl$clpllne I, d.mogr;tplol«, oce.n 

(hem'my, h'gh·e"""l1 physlo or o"ronomy, Sde"'h"'Hf!e!M<y and 
p<<>dualvitjr wil l rloe bec;l<Jle they knOWlh~y <:an ;l(~, "~e. ,eu>e,,0(1 ","S' the 
data !hI!)' ftnd Inlpiralion or lerendipi'y , .... I~d 10 unexptCted ~ult$. Cr(>$" 

t'tr1ilisaUon of ldu. and dl~ipll"1I1 w~1 plOdu" nov.l.olulionl. and promOlt 
greOler und.mandlng of compiex prob!.m .. 

RI ... ofl",,<llon; ".Ihe volu"", and dl"""ky d .dentlflc data incrN>e, .. nd ... 
rfl.Oa..;h tlKo ..... mo'~ "'u~~dl~~ lna<y. ,-..,ct>"", , t"'ggte 10 undor<lInd 
and <0,..,1011 dala -1I1pt'dlli)o If from anoth. rr""d Th,y may nol find Ih' data aI 

aiL Or lfth~ ~nd It. Ihey a" nOl'u" it i> willi II d al l'll$ 10 t)f. ".a '1I1" lt 
,.", .. eh." bKorne lnae,,'ngi)o ~oLoIed, n.".ow .pt'd.I~I>; wldt·ranglng. 
",rendipllou"e.ull> bKom. moredjfflcult 

3. Productrs old.t. b.nefitfrom o.,-ning it to bro.d .ce ..... . nd 
p .... f •• tod. posit th eird.ta with confid.nce in .... Ii.bl • 
.... positories. A fr.mtworkof repositories iS9uid. d by 
Intern.tiona ' standards. to . nsur. they .re trustworthy. 

E)l:pHtoodlmpact: R.su,(!I..., &re ,~.,dtd. b\I uh.nc~ profll1,kln.1 

reputation aI th. 'iffY I ... t form. king thtl' daI' ..... II.bI. to ocn.<$. Confldtnc. 
that th.lrdal. ,.nnOl bt <OrtUp!td O( Iosl .... ,~ ... them to Ih ... t'lfn mo ... 

D.'. Ih.ring. wit h 'pprcprLo'e acee .. «>nl'o( is 'hI ",I •. nO'! Ih~ "'.ption. Data 
. ,e pHHevtewtd b\I 'he «>mmun~y of , ..... """'" ,.-"llng And ....... lidI\lng 
them. Tht 0"1(0",", A d>t.-.rkh _~y w~h Info,malion ' hat <:an be u~for 

n ...... n<I u",XPfC!td PUrpcj'" 
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RI'" of lna<don: Inlo,mHion ,lays hlddtn. "Ill. , .. ~orchff who "NI~ ~ In Ih. 
he~ ~ c.n yield me,e publication, 0' potents In Ihe fulUro heidi en loll Othe, 
f9SHn:h .... who IIH"d Ihallnlcrm.llon .ro un. blue 9t"1 alit. e, w.'I~ rl .... ro, 
O"6Ol1n9 II. Theouteom.: "world 01 f,ogm.nl~ d .. ~ ,oure .. - in fKt, • world 
much like tOOay. 

4. Pubticfundinll ri>es, becau>e funding bodi.s have confidence that 
IMir inveSimenu in rutarch are paying hack ulra dividend. to 
satiNY, through i,",~a...,d u>e and ,e-u.eof p!Jblidy IItneralt<! 
data . 

ExPKled Impo<l: lItsta,ch productivity rise, Ih,ough ea.y OCCfl' .nd ,~·u", 01 

dot .. Fundt-rs Ia~' SI'''ogle 'titw ofth • •• I" t of dot. - .nd pI.n In • ..""",nts 
IogI",a~ and oon'btentt)/. MOat;tl>lry glOWS glot>lllly_ New and une,pecl~ 
>OhJtlon. eme<ge 1o OU' m.ljo< ,ocietal ch.ll/:ngn. 

Risk of lna cdon: The publk ,Klo, unn«n, .. It)/ ,~fICb tnCIley en producing 

dot. ""e,.nd "" .... g.ln, bKbu", Ihey",~ Iesl or nnnel be found Datalh .. oro 
of the great.." v.lutle Ihe public (of. "public goods' naluro) art. ,ped.l le". 

Rt>Nfth." o....~001< Important in>ight" bocau,. they "'nnol ""c'" 0' 

un~",and poIt<ltlalt)/ v~al dola flOm oth-f" a,ound the world Owortun~i ... for 
P<QSJ ,.n and pros~rit)' oro mb'fd.ln~l"",nIIIOW$. 

S. The innovltive power of industry Ind Inltrprise i. huneued by 
dur.nd efficient .,nngem.nlo lo • • "ch.nge of d.t. belween 
p.ivate and publicstciofS, allowing appropriate returnolo both, 

ExpecIed Impoel, Dat. gtM,oII<'d for ont pufP<»t ......... ,t'd fo, elhe... and , he 

~ ofinnov.nlon - soc~l.nd ttChnologk~ - 11m. Commet6a1 r8t.lfth capability 
Is W~91hened bot public ~n:", and bn»d e,pt" iIe ~ h. ' r>fsoed to the bentftt 
cf all MoIliIiIy ~nd ~1O$!.ftrtll~n ~ the comm.malanc! acadtmlc «<to~ 

I"' ........ amplifying I h' Impact of '" nov.nlon a nd n~ di$oo\t, rIH. ~ companif!. 
job$ and Ic,.untl , .. ult. Euro~an Industryl! m""'{QIt'I~~e. 

Ri.k af Inaction: Su,plcion ~ nd ,""'e~ri" ~"ilu';'" develop between privOt • 

• nd publlc «<Io~ A .... (loUI ,Irele W(lln oflvory·tower ocadtmla ~nd un<:lt,· 
,"vest in g mdultflalists. Eu 'o~~,ompetit~n". luffff'!. 
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. ,~~. '", ..... , 

6. TM public huuc.n to and un m.ke cr .. tiv. use of the hUlle 
.mount of det ..... II.ble; it Cln .Iso contribute to the d.tl sto .. 
• nd enrich it. Citizen.un be .dequ.tel~ educ.ted Ind prepared 
to benefit from thi • .,bundlne. of inform.,tion. 

E1c.,..:lflIlmPHt: Ckllen. can .h.~ and contrbnft to th. scientific pnx .... "!hoy 
unde"tand 1M ben~~ts ar>et risks of ..... ttchnologl •• betl.~ If'Id rna .. mlonal 
political dod ....... m ... ~ .. 1M young a .. In.phd by an .mb~1on fo, n_ 

dl$("" ... ~ If'Idj(>it'lllle ,anks of ~tntists and engin~ ir1 fM~''''''e,n u'''t>e~ 

RI>l oflno<llon: C~I.to:n, ~ InoN>lngly dl>lru,tful of and boL"ed ~m 

",Ie"" • • and ... !stanl to loch~09Y. They "'" N.I!)' ml.11d by p"'udo->cience 

and pol~lcal o.maso\ly."!he .upply of engln~ and .d<'n~'" 1.lnadoquate 10 
"",Io-!y~n~ 

7. Policy m.kersa ... bl.to make decisions b ... d On solid 
evidenc., and un monitortM imp.ds of these decisions. 
Government becomes more truotworthy. 

E __ IO<! Imput ~io;y deci.lon. Imp_. and pubU" «>nfio.n(e In Ih. enrlre 

pol~i .. 1 p"'<"" rIs ... tt f> "",,,bj. to <0' ..-<1 polity m;,lakt->, whOlh., """"om;: 

o'woal, In ,talll", ... ~plegain to"fldfn«o In governm""l, and pol ~lcal 

participation ~ ..... 

RI>l of lno<llon: 1I"lnformed polllleal dKblon. Iud to Net , .. ults. and our 
«o>oomk, .... _ _ 0.01 and _101 pn>blom. "'ouflt. ~iti",n' 10' • ."...r,oknee 

in Ihel' ludtfJ. An inlptnetrabj. wall old .... ~'''' .. Ih. governors 110m Ihe 
gowmt<l. 

8. Glob.1 go .... rn."". pto",ot .. Intlrnalio ... 1 tru<tlnd 
;nleroperlbility. 

Ex_tO<! Impan: CRll"'" h ..... lOX ... to th.wo~d·' '10" of Information 

wilh"ul UnnOl(lSUry bour>d.o~ ... A f'omtwOrk fo, 910balln,~",pe~bility 
m.itI,.In •• (Qmmon. pubic 'plrce fo, l(!tn' lfIc dato."!his In~1ls lru" ~nd 
en,u,., Ih .. ,"" best "'Indl con mou uu oflnformatlon no mil,"', w".~ Ihey 

"". WQrId trode gfOYlj, ond 10000ttle. p<OIper • 
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,;,,,, ."",., .... ~ __ .... ~"""'100.""..., ... __ 
""" ,,,,,,,>an< "' .... bo;tmod, n ;"'_.." "'" _ 'JO 
"'_"""'''''. Tho ""~ ;" _. pn 

Who bo ... fits from 5<i<!ntffi< Q inh"st,uc:tu", 

-.," ..... ' "~.''''' _ .. ,.." - ,-" 
.." "'mcr.",,-,, ~ - ..... ""~1".'." 

"'" ""' "'" ."- '"''''''-''''' -, '-' "" , .. """"'. 
''''''"'''''''''''''''''' ...,.-" - , ""''''''' , ,,,,,"""100 ~ ... ''''''''''''''''~'''''''''' .... ..-.-.-... ,,, .......... ,.,, 

, .... ,.., ~"'.-...-"' '''''<." ,., ,,, ...... , 

,.,. .. ,"'..., ."" .. '" --",-.., ,,00><,"'1 
a=~~;p;n·1_~""""'_M~~"" """" ... -".",." 

u" .... ""''''''''''' 
~"'m •• o'" '' _ "',-.. ~od"""'1 
a ___ m_~""j>b""","""" 

,~-.,. " ~ ...... ,,, .. ~~~ , ~ '-- ... 
'--"01"'" ""'PO;'I 

""..,. """,,,,,,,,, '" nrtlI<'I "" ~ 
uh_ 
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V. A call to action 

.'.'~' '"I "'ovl 

T 
h. ",.ntlfte and social ~n.r~, rA cu, vldo" ar. ""","'OIlS. But th ........ 
many OIher prlc!lcbl ..... on. 10 act. ICT I. one of 1M main ongm., of 
KCnomic 9rowlh.lll. to our "'II' whal pavtd hlghwa'f', natlenal railroad. 

and Irutr..:onUnen,.1 \eleg .... phs wtre 10 ta~l ... ~ne,iUlons. Yet In Eurcpe. the 

In(!usn), urlderplnning Ihb v~.I..:onomk octM\y ho> hod many dim,"~1e1.. 

And, '" 'he EuropUn Compt<Iv~, (Quodl ha. oote<l, 'the ICT Impact "" 
prcductlvky ~ltIWIh h Icw« In Ih. W than In mojo< trldlng partn ..... ·'· ... 
COntMtd EUfOppln offen te build P-lnfr.mutlu,,.. fcrsdeo<e wlll.tlmulate 

IM,I"" ~and for ICT. n will 11"11 Itt.! bet from ICT 'tSNrdoH>, .nglnH" and 
Indu,ul.llm, .pu rrlng gn)W'lh .ndjob$. Md ~ w~1 pave Ihe dIg~al hlgh",.y> 
lh1ll EUfOpe<ln Kil:ncew~1 n~ 

Th~ Is • <I .. , roil: fo<gOllefnmen! .. . ~ Ihi>. We urge our .. _,. to like Imo 

<",,,lderatlon the following: 

• ... good f,.,,-cO< for the yowman"" of,jot. wii t.. •• ou",. Ii >,,,,nglh In 
the most .nowltd9*~nt.n"v .. Indu!\ rW$. foItllfiog Ihe grcwlh of (ornpanOoi, 

SOQd$. and ...... ,<t< w~h tht Mght<\ valut-i>dded. ThO$' ~Ionl of\ht 

world IhOllud Ihls poll<)' debOle. .nd d .. eloplhe lechnologlH ond 

industry 10 IUpporll!, wli goln compe(~",e ad •• nlage. 

• S<I.nl ifoc: ,·II\I" lIr"(I"'" Is t< .. n~allf w .... to addre.s the Gr.nd 
t".llo:ng~. <>f._y, Un<!<"'Qna;ng <lImo .. <".n~~, f",~ lng .~.m"I'" 

, n'19Y JOU~t<..nd prt1 ..... ,ng Ih' h • • ;u, of.n ~Ing populOllon .... <>II 

fltnd~hly <omp~, croSl..:l~<;lplln.ry probt.mSlh<'l r.(luJrt high. 

~rm.nc.data .torag •. Imlrt an.IytICI, lransm!s~on and .... Mng to solve, 

• 5<><111 coheslOfO will depend in pan on how fa1,..,. and opeon ly knowladgt and 
information !low within ou, 'eglon and ""!WHn the ""bUc and private 

1«\"0', tflnformallon Is pow"ln Ih' ~nQW\t'dgf «en~my, govtmmenlS 

muS! ensu'. th.t tht bf:nef~s .... ppropri,>tfty dlS!rlblltfd. GQ<It,nmtnIS 

m IXI we'" tfftCIw.ry Ih l'Oug h publlc·prrv ate r»rtnenh I PI to dev.lop 
.. lnf.,.,.ru"," ... 

• In''''M~oo.1 CQ\1.l:>::>ratton Is e .. en'i.Ir~ , h ... rs no ,uch lhlog,.,. ~u .. 1y Irxll 
or o ... lon,1 netwoflr anymo'e. We "'ul' <olaborate In gleblll ¥<hl, t<tu.tl 

and gov.ma",. for ,"nf,.»!ru(lu", and We muS! shaft<ost. and 
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Wtth Ihl. ~amble, we offe, a .hon·bl of action by varlou. EU Inn~UlIon~ Of 

cou"e, wt ' «<>!,Inlle t!>ere has "'ready been much WO.t. dontln Ihe fitold The 
Commission has lundood s~.1 project> to d~lop dlS,ribIJ,.,.;I «Imp..~nS 

envlftlnrMnu. dolaba . .. for dlsclpllne .. PKIflc conl.n~ and Ilb,.ri .. fer n .... 
lylM' of online communlcallen~ lh.,e h ... bHn much dtbate • from Ih. 
Commission, Ih. CouncH and tht Parllamenl • aboullh. nHd to.peed 

d""oIopmem of sdemrflc e~ nf'.'lfUClU'e. And WI: <>Ote [h~ mi'>ny other p"bllc 
bodies h_ !)cog"n «Inslcltring Ih"'" mi'>tte~ For Ins",nce, the group reporting 
101h. US ~ of Seieri«' and Technology PoIq. recently p..bHsl>ed ilS own 

agenda and 'KOmmendaHon. for en.uring 10ng4:. rm Ke ... 10 dlg~'" 
Information." BUI men, u(gen~ conc",le action I. nHded from al partin, we 
beH ....... Flnl.ltps Indude: 

, . o.velop an intern.tiona l framework for a Co lI.borative O.t. 

Infrul .... ~lu ... 

The .m'''gln~ Inf,.",uctureforsejenlifk dala must be flalble 001 ",noble 

'''''" .. 1'*1 cpo:n, 1«al and ~Ioba~ offordlblt ~I high·po:rformaoc.. Obltio<Jlly, 
IhT,I. alan Old., _ and Ihtr. is "" ont IKhnology Ihal ... know today or ""n 

Imagl netomorrQwloa<;h ....... ~ all Thu~ what i,n~ I,. broad, o;on(tpCu.1 

framewcrl< fo, how dlfferenl companle., Institule~ unlven~le~ governments 
.nd Individual, would Interact wllh Iht syS'Iem - whO! 1ype1 of dol4 privileges. 

IUlhen~cation Of po:rformlnce met rIC. shou ld be ~.nntd. Th~ f,l[ntwor1< 
.. .,"1<1 ~n."", lh~ ,,,,,'_o1hlnn, <>f do'.., _1<1< 1\:>, if> cu,oIion, .nd porn'1~.n 

easy Inte rch"nge .,.,ong tht generato" .nd .serf ofdata. For [hulkt 01 
illustration, Wt C<,IIllne belowll" brQfQ!'S1 building block< of ludo • 1,._11<. 

The Commission has funded several projects to 
develDp distributed (omputlng environments, 
databases for dlsclpline,spI'ciflc content, and 
libraries for new types of online communications. 
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"OC_ .. D ...... t .. , t ... ·.,_ • • t ... ~ ... 

~ .... -- ..--
, .. ., 

. --..---~-, 

," - -.... """ ....... " .. ''''' . ~ """' ... '''' 
, ...... , ,,"" ""., '" _ ... _ .... )')'0 .... " .. c .. u p:o '" 
"'_ c:ooo-. .. ", ""CO''''' __ " ...... .... ...., ,, >OJ" 
".,_ ........ "" .. ... _t I U "'_. "'*~, "'" "" w .... '''''"' 
""","' ... t ... _ ~_ ..... ,,, _"' •• ,-=, 

, ... ""'" ... ,," " • ' '''''ox''' ocr K. "" "'~ " .. '" "'" , .... .,.>0 ,,10.0:0 .. 0 . .... _ ... ""'" ~" "i .......... _ 
,,,,"On .. ogKU •• · ", "' ... sen ....,. .. "'" or...". '"'''ox''' 
_~"'''.= ... '"' .. "" ...... , ..... .,,"'''' '' , .... , .. w 
"><0< ".'''. _~". "" ..... ct ... ..,. . , .. t,,"" _ "tla. 
og""''''"'- "",. -. _. ""''''''' ...... ''' ..... "' .." ... 
.......... '" ."', . .... 00.0< ... n. _ "',"'_" ... ... 
..... _ . CO .. "". 'lOt ,'I'''''''' o..ogot . ..... OJ po) ........ , • """'''_ ~_ or"""", .. , p:o t .. "' """. <m ~ ." "' _ . too 

"'"" " ,,,,,, ''''' ''''''lao .... ' .. ''''" ~ or ~ . ,," ' '''' 
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3. Oevelop.nd use new ways to menu ... dati value, Ind reward 

thoH who contribute it 

'MIo ",nnlbu~ ,Ile mOSt 0' ~t tothe dat~ (OmtnOflS1 Who u,f! ,he .....,.,,1 

'M"'t is tile mOSt v~lu~ble klnd 0/ doc", - ~nd '0 whom? HOw efl'lcl""'fy ~ ,he 
da'b Inf'''''ru<lu", ~Ing u..-d Ind mllnlblMd! Th~ bfW IU m .... u"'m l n' 
quesllon,. A, P""""~ W. 10 ...... 10" of d;tr.fItIt' wO)" 0( In,w.,1ng Ih.m _ bul WI 

nHd ~II.'. mor. unw. .... 1 mt1ric .. lfwi hKllhlm, funding b91""~ would 
know wh", Ihe, are genlng ronhel' mont, - who IS USi'lg It wiseI)'. 1Ie<""l(ht~ 
WO<lld Irnow Ihe mO.l err"lon, p/Olhw"",, 10 get wh",tve, information ,hey ",e 
seeking. Comp/Onle-s would be able 10 charge more _~ !orthek services. We 

urge thl Europoan Comml"lcn 10 Iobd lhl nudy of how 10 C","'" mllnlngful 
mlUII: .. In coliabora'k>n wKh 1101 "powe, u ....... ·1n Industry a"d academia. Ind In 

CDOP"(lIlon w~h In,omatlonal bodies. 

4 . Trlin a nlwv-nlralion of dala scilnli.ts. and broadln public 

undlrstanding 

.o.dI~lng all thlHf"qulre-s achang" of cullu", - a n~ way of Ihlnklng aboul 
who" you ,ha ... lnformfliQn, how you <lo-Kri~ Of .nnotate ~ for re""",", when 
10u hidt k Of prot~ ~, whon you <l>a'9 l for It 0/ givl ~ -"y. R roqul,.. "fW 

knowl~. at;>oul how ''''' •• 1(10 ..... u," and "'·u •• lnformfliOl1. In dille",nl 

disdpUn ... and ",unln.... We u rge 'hll Ihe ruropean Comml»lon Pfomo,e.lnd 
lhe mem~,·n"' .. adopt. n.w ~kle. 10 Ion., l hl dtvelop","nl of adIIln(";' 

di9'H ptOgr.lmme. "' 0<1' mljo, univ .. s~ .. s for IhlS emerging fi.1d of diill 
><i~"«r. Woe 01>0 "'1It , lot n-wmbo ... "alt. 'O 1",,"<10 0.'" ""'''09_0''' 0"" 
g"".man<o con'iOt~O(fj In 1101 (\Jukul. of thti' s.<ondary 0(100011, as part of 
,10, ITf.mIUa~lon P"'!l'ammtS ,loa, att be<oming .;ommen In European 

edu(a~on. 

s. Creala innnli .... for green tlchnologies in Ih. dlta 
inf ... I.uctu ... 

Compu.e" bu,n t"orgy - v .. ' q UMtillt< of it. Om <."Ut< ~t>l.orb about 2'10 of 
wo~d .IKtrldty proOuCflon. Computtr a,sembly al~ <on,umt< pr«ioU! 
mlner.l~ lots offft<~ wal~' ~nd add! !(I C02 l>"odUCflon. CI"rIy. ~! hardware 

compont"" muMlpIy Into tht ttllllo"S, tnvlron m",,~1 (onlt"ln" wI~ tlgh,,". SQ 
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lhe'::T Indu<try ""'" I» 1nu<>llolom 10 cMnve III lHOCiualOn _ ck,rblllOn 
m«hod:!, lO9<>g_ aut the hII ... voe bryotICI hl<dw_ WIItn , _ ..... 
.......... , copyol, dou Ht, M 01' sbo comu"," _8 -~u.llha<lgh lhe 
"' .... ....,. .......... 1fIdeood. bO!Iic InfotmMIOII I""",,, • .!h IIJ. ___ bnnool 
0Ider10 ntonn.wlon ~ ,~~ 10 '" _illY. Thb IKt ml/Ol be undtnt03d. 

and f«lD<flllnlOOII' two.dft MWonnll1ltii poIklH. WI u'llt' 1M {_ 
insll"' ........ lhey _II'W plano for C02 ,","~I ,nd-.,. tfI'Idtn(y. 10 

COMlOorthe mpact oI.~nf ... lfuaU ... ond ~ pok~ ...... "'" will "",.,.,. 

.... ~tho! _flSIIIY ~rQ'l'0 perform "Ie",,, 

6. Est. bl ish, high·t. .... ~ Intt ... ..,lnl.II,lIlg.o up o n, glo lwol t.v.1Io 
pl,n!o, d.l. ;nf ... t,u(\UrI 

.+.s .""ed p''''';OU$Iy.lt mIIJ<..s no_ ... lorone ..... nl'l' "'regbn I08C'lMone. 

InU!ropef~bllily 'equues Ihat the'. be reOpnx.ollg_m""" betwHn 
gow,nrrwnll_lh, digKal tqIIl.a~nl ofttad, " .. t its. Th,,,, mu" OliO be 

ag'-"IMI Ihal all counlrt.. ccnulbute. flXOIdIno 10 Ihelr ulag,.Ad needs. \0 

1M global e!foll; 1_ rete" un endingenhe .~U!m. We U'9f the (ufOPN" 
Commiulon to identify 0 group of Inlf",alioMol '~t.oIlvt1 ... ho COllie! meet 
"'Jua..rty lod~C\I" .n .. g_ ~," ... c. 01 SMnlillc ..... " .. INClu"'. n .l'>oulG 

01", 1\0$1 Itt. fi,,"uch I'I>Hllng. 

Ther ..... monyOlhtr ottlc>n._ ~M IlUtntlIilO the ~t 01 

..w....ruuctll ... for~..., dIIuil _ In!he M .... and _iIH .IA of 
pOI.n'~ ~how-s,oppen'lhi'l ... 1II nHd ._101\. We btkw INc _ ill 
~ fIorn, f ....... \l coIIbo<",_ and _ opptOKh 10 KittKJt one! the 

o-inf<lOftnKtII",to wppotllL W. u'llt' Ktloft ....... 

W" btll", INI Wt!.n IwlM"fit from a faNHlng, 
mIlJbotllli¥' a 1M! o~n appmach 10 u~nce Jnd Ihe 
p.III'rastructal'f' losuppon 11_ W, urge Idlon flOW. 
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y .... 2030Vlslon - and t .... r<KOm ..... ndatlons 

'" '''"'''''' ,~",,"m._'_ 
~"";"'.~"----'" .. ~ "" ..... "", ""~""''''' ........ ... """.,.,.. ......... 
~~~~ 

~-""''''''~ ''O«o~' ~ "."",,, ... ,,,,, F".' ~_, ... "" ..... -~ .. --.. ,~, ." .. ""''''_ .. ''''"'~"""""-. b~",_ "',-'" 

'",m.,. "", ...... ,","" ..." , >C ,.,., 
"'....-__ ~,..,.~ ... F<'... "', .. ~ _ _ .... "" .. ~_ .. 

---~"" .. ~"'""" ,"--.."" .. ~ ..-."'" ... "'--~,~, --_'~ __ M~_~'''"I~''' 
"""" ..... ".-"""-' "" --"""",~,--"""",,,,, "" "" .,.,,"",,--..., ....,., -.. -.""'" ,,., 
--'--~"'-~"'" ...,.-..""'''~--~ """""", 
" ... _-, .. ,,'----,'" 
"'"'---"~"'--=::=;.:.,. .... ...::;,-
....".,,."".,,. _do.,.,,,,, 
-~""..,........ .. ,-.. ,.,,, ---"""', "''''' .. ~~'",' "" .... .,,,"~~ "" ........ ~.,-. 
"' ....... -~, .. q<.",..... 

---~"""-,.-,"" .."..,~"" ...... ~=---""'" .. "'" ~,"" """"""'" ~ --""«'" "'''' ..... " ~-... -, "" ..... " __ "'"...,..,.",.,"""P. 

".......,""-~.~ 

"''''''''''''''-'''' "'''''.,.",. ' w''''''' ~ .. ~"""""-"""" """'-"" --'-""" "'" "" , .... ",'",..".-

""-"'---"" '-''''' "''''''''' ..... ''' """""d __ "_,"",,',~~ 
~ .... ~,"~-,,, .. .,...... 

"'w .... ",., ~...--.. .... ~, ~ .. 
'"'" "'~ """""""".-
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