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"#!PREFACE: 

!
The World Modelling Summit for Climate Prediction was co-sponsored by the World 
Climate Research Programme (WCRP), World Weather Research Programme 
(WWRP), and the International Geosphere Biosphere Programme (IGBP), Òto 
develop a strategy to revolutionize the prediction of the climate to address global 
climate change, especially at regional scale.Ó  The primary emphasis of the Summit 
was on the simulation and prediction of the climate system, but the participants 
recognized similar challenges/opportunities in weather and other environmental 
simulation and predictions and that these fields can also benefit from the discussions 
and recommendations of the Summit. They acknowledged that 
challenges/opportunities in research, development and verification of climate models 
span across a wide range of time (intra- and inter-seasonal, decadal, centennial, and 
longer), and space (global, continental, regional, and other) scales that require 
immediate attention of climate, weather and environmental scientists, funding 
agencies and political leaders, globally.  The Summit was very well organized and 
effectively hosted by the European Centre for Medium-Range Weather Forecast 
(ECMWF). The success of the Summit was due in large part to the major efforts of 
the organizers, host, sponsors and the participants. This Summit was indeed a major 
accomplishment in bringing the world leaders together and in defining a set of 
common objectives/priorities.   
 
The participants identified four major objectives/priorities of: 1) developing models 
that represent realistically all aspects of the climate system; 2) confronting these 
models with observations to evaluate their adequacy, accuracy and shortcomings 
towards building confidence in their future projections; 3) obtaining computational 
capabilities that are three to four orders of magnitude greater than the best available 
capabilities today; and 4) establishing a world climate modelling project/programme 
that benefits from the expertise and investments of the nations around the world to 
achieve these priorities. The participants recognized all four objectives to be 
challenging beyond the resources and capabilities of any single nation, thus identified 
the opportunity for global coordination and cooperation as we move on towards 
accomplishing them. The participants called on the global environmental research 
programmes (IGBP, WCRP, WWRP, etc.) and their sponsoring organizations the 
International Council for Science (ICSU), United Nations Education, Science and 
Cultural Organization (UNESCO), Intergovernmental Oceanographic Commission 
(IOC), United Nations Environment Programme (UNEP), and the World 
Meteorological Organization (WMO), and their member countries to adopt and 
support these recommendations for implementation in the near-, intermediate- and 
long-term. 
 
We believe the Summit was successful in achieving its primary goal of identifying the 
common priorities that are shared and endorsed by the participants, but the challenge 
of realizing them will be with us during the next decades. The Summit 
recommendations are quite timely as the world leaders are preparing to convene the 
World Climate Conference Three (WCC-3), in 2009, three decades after they 
established the climate research programme, WCRP, and the IPCC process, and two 
decades after the establishment of coordinated observations (GCOS) and the policy 
framework (UNFCC). The theme of WCC-3 is Òclimate information and prediction 
for decision makingÓ which will depend to a large extent on our ability to predict and 
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project reliably the state of EarthÕs climate system on seasonal, decadal and longer 
time scales, but more importantly to synthesize our best scientific knowledge about 
the climate variability and change and make it available to decision makers in a 
timely and effective manner. This implies establishing a climate information 
development and dissemination system that captures the outcome of climate 
observations, research, analyses and assessments in an end-to-end and seamless 
manner to serve effectively the providers and users of such information. This is 
indeed a multi-generationsÕ challenge and opportunity that WCRP is pleased and 
privileged to embrace and support through its network of global partnerships with the 
national and international climate research programmes, and the network of its 
scientific experts from more than 190 countries around the world. 
 
Ghassem R. Asrar 
"#$%&'($)!*($+,!-+#./'%!0%1%/$&2!3$(4$/..%
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II. BACKGROUND: 
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I8! Y7#"7)#/Z! $%0)#(,&! .")7#"$[! 0'""#*(! $(,('$! %4! /#,(1#"! ,*.! 0&)-,(#! -%.#&)*+[!
$(",(#+)#$!4%"!$#,-&#$$!6"#.)0()%*[!0"'0),&!156%(1#$#$!CM8!J%$:)*$D8!
!
H8!A"%$6#0($!4%"! *#;(G+#*#",()%*! -%.#&)*+!$5$(#-$Z!3,&,*0#!3#(/##*! "#$%&'()%*! ,*.!
0%-6&#;)(5[!3,&,*0#!3#(/##*!-'&()G-%.#&!,*.!'*)4)#.!-%.#&)*+!4",-#/%":[!)$$'#$!%4!
6,",-#(#")E)*+!'*"#$%&7#.!$0,&#$!,*.!"#+)%*,&!-%.#&$!CB8!B)&&#"D8!
!
\8!A"%$6#0($!4%"!0'""#*(!1)+1G#*.!0%-6'(#"!$5$(#-$!,*.!)-6&)0,()%*$!4%"!-%.#&!0%.#!
.#$)+*!C<8!T)*(#"D8!
!
]8! =(",(#+)#$! 4%"! -%.#&! #7,&',()%*K! -%.#&)*+! #;6#")-#*($K! ,*.! )*)(),&)E,()%*! 4%"!
6"#.)0()%*!%4!(1#!0%'6&#.!%0#,*G&,*.G,(-%$61#"#!0&)-,(#!$5$(#-!CB8!B,"%(E:#D8!
!
N8! =(",(#+)#$! 4%"! #*1,*0)*+! 1'-,*! ,*.! 0%-6'()*+! "#$%'"0#$Z! "#2')"#-#*($! ,*.!
6%$$)3&#!%"+,*)E,()%*,&!4",-#/%":$!C<8!=&)*+%D8!
!
,,,-&!.,/0',1,.&23/!',40! &
!
X! *'-3#"! %4! 2'#$()%*$! /#"#! 4%"-'&,(#.! )*!,.7,*0#! (%! +').#! (1#! .)$0'$$)%*$! ,(! (1#!
='--)(8!F1#!2'#$()%*$!,"#!&)$(#.!3#&%/8!!!
!
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!"#$#%&'%
!
"#$! %&'(! )*+,*$-./! 0+,1$23+4! 53+! 67789:8! ;&33+<.=,*$<! >?@$+A,*.3=! ,=<!
B+$<./*.3=!35!*#$!C,+*#! )D@*$1E! ,=<!*#$!F+$$=!B,B$+! ;G! '$A3HI*.3=! .=!&H.1,*$! ,=<!
%$,*#$+!(+$<./*.3=!9!"32,+<@!,!)$,1H$@@!(+3/$@@!53+!*#$!(+$<./*.3=!35!%$,*#$+!,=<!
&H.1,*$EJ!<.@/I@@$<!,*!*#$!677K!%&'(!L)&!1$$*.=-J!B+3A.<$!*#$!?,/4-+3I=<!53+!*#$!
<.@/I@@.3=M! "#$! ,+-I1$=*! 2,@! 1,<$! *#,*! *#$! +$A3HI*.3=! 2,@! ?3*#! B3@@.?H$! ,=<!
=$/$@@,+DM!N=!*#$!<.@/I@@.3=!35!*#.@J!*#$!=3*.3=!35!,!@$,1H$@@!/H.1,*$92$,*#$+!B+3?H$1!
2,@!.=*+3<I/$<M!
!

!  %#,*!,+$!*#$!/+I/.,H!OI$@*.3=@!?$.=-!,@4$<!35!3I+!/311I=.*D!?D!@3/.$*DP!
!  N@!,!;+$A3HI*.3=E!?3*#!B3@@.?H$!,=<!=$/$@@,+DP!
!  G!H,+-$!?3<D!35!$A.<$=/$!?,@$<!3=!13<$H.=-!$QB$+.1$=*@!@I--$@*@!*#,*!,@!13<$H@!

.1B+3A$!*#$.+!B,+,1$*$+.R,*.3=@!,=<!.=/+$,@$!*#$.+!@B,*.,H!+$@3HI*.3=J!*#$!13<$HS@!
,?.H.*D! *3!@.1IH,*$! *#$! /I++$=*! /H.1,*$! ,@!2$HH! ,@!*#$!13<$HS@!@4.HH! .=!B+$<./*.=-!
<,.HD!,=<!@$,@3=,H!5HI/*I,*.3=@!.1B+3A$@M!%#,*!.@!*#$!H.4$H.#33<!*#,*!.5!*#$!@B,*.,H!
+$@3HI*.3=! 35! /H.1,*$! 13<$H@! .@! @I55./.$=*HD! .=/+$,@$<! @3! *#,*! <$$B! /3=A$/*.A$!
/H3I<! @D@*$1@J! 3/$,=! 3A$+5H32@! ,=<! 1$@3@/,H$! $<<.$@J! ,=<! #$*$+3-$=$3I@! H,=<!
@I+5,/$! B+3/$@@$@! /,=! ?$! $QBH./.*HD! +$@3HA$<J! ,=<! *#$+$53+$J! <3! =3*! =$$<! *3! ?$!
B,+,1$*$+.R$<J!*#$!5.<$H.*D!35!/H.1,*$!13<$H@!.=!@.1IH,*.=-!*#$!/I++$=*!/H.1,*$!2.HH!
.1B+3A$P!

!  T32! /,=!2$!$=@I+$! *#,*! .5!2$!+$BH,/$! *#$! *+,<.*.3=,H!@*+,*$-D!35!B,+,1$*$+.R.=-!
I=+$@3HA$<! @1,HH! @/,H$! B+3/$@@$@! UA.R! <$$B! /3=A$/*.3=! .=! *#$! ,*13@B#$+$! ,=<!
1$@3@/,H$!$<<.$@!.=!*#$!3/$,=@V!?D!+$@3HA.=-!*#$! I=B+$<./*,?H$!@/,H$@J!*#$!+,B.<!
-+32*#!35! *#$! .=#$+$=*HD! I=B+$<./*,?H$!@1,HH!@/,H$!@D@*$1@!<3$@!=3*!3A$+2#$H1!
*#$!B+$<./*,?H$!H,+-$9@/,H$!5H32P!

!  "3! 2#,*! $Q*$=*! .@! *#$! =3*.3=! 35! ,! @$,1H$@@! /H.1,*$92$,*#$+! B+3?H$1! A,H.<! ,=<!
I@$5IHP!

!  T32! ,//I+,*$!1I@*!@.1IH,*.3=@!35! *#$!B#D@./,H! /H.1,*$!@D@*$1!?$! *3!WI@*.5D! *#$!
$Q*$=@.3=!35!/H.1,*$!13<$H@!*3!.=/HI<$!,<<.*.3=,H!/31BH$Q.*D!<I$!*3!/#$1./,H!,=<!
?.3H3-./,H!B+3/$@@$@P!%#,*!*.1$!,=<!@B,/$!@/,H$@!35!/3IBH.=-!,+$!5I=<,1$=*,H!*3!
*#$!@D@*$1P!%#,*!,+$!*#$!,BB+3B+.,*$!1$*+./@!*3!$A,HI,*$!/H.1,*$!13<$H@P!

!  %#,*!@#3IH<!?$!*#$!,BB+3,/#!*3!@3HA.=-!*#$!B+3?H$1P!
!  N*! .@! 2$HH! +$/3-=.R$<! *#,*! .5! *#$! -H3?,H! 13<$H@J! 5+31! 2#./#! H,*$+,H! ?3I=<,+D!

/3=<.*.3=@!53+!+$-.3=,H!13<$H@!,+$!B+$@/+.?$<J!<3!=3*!#,A$!+$H.,?H$!@.1IH,*.3=!35!
BH,=$*,+D! 2,A$@! ,=<! *#$! @*,*.@*./@! 35! *+3B./,H! ,=<! $Q*+,*+3B./,H! @*3+1@J! ?H3/4.=-!
,=<! 3*#$+! +$-.3=,H! B#$=31$=,J! *#$! I@$! 35! #.-#! +$@3HI*.3=! +$-.3=,H! 13<$H@! *3!
<32=@/,H$! +$-.3=,H! /H.1,*$! /#,=-$! .@! OI$@*.3=,?H$M! N@! *#$+$! ,! H$@@! OI$@*.3=,?H$!
,H*$+=,*.A$P! G+$! *.1$9@H./$! $QB$+.1$=*@! I@.=-! A$+D! #.-#! +$@3HI*.3=! U,@! #.-#! ,@!
+$-.3=,H! 13<$H@V! -H3?,H! ,*13@B#$+./! 13<$H@! 2.*#! @I+5,/$! ?3I=<,+D! /3=<.*.3=@!
5+31!-H3?,H!/#,=-$!$QB$+.1$=*@J!H$@@!OI$@*.3=,?H$!*#,=!+$-.3=,H!<32=@/,H.=-!

!  %#,*!/,=!2$!B+31.@$!*3!*#3@$!2#3!5I=<!*#$!A$=*I+$P!
!
!"#$#%('%
!

!  %#,*! ,=<!#32! @*+3=-! .@! *#$! $A.<$=/$!53+!X@$+.3I@!H.1.*,*.3=@X! .=! /I++$=*! /H.1,*$!
13<$H@P!

!  N5!*#$+$! ,+$!@$+.3I@!H.1.*,*.3=@!.=!@.1IH,*.=-! *#$!B#D@./,H! /H.1,*$!@D@*$1J!@#3IH<!
2$! ?$! <.+$/*.=-! 1I/#! 13+$! +$@3I+/$@!*32,+<@! ,HH$A.,*.=-! *#$1! $M-M! ?$**$+!
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"#$#%&'$()#'(*+,! *$! -(.-&$! $&,*/0'(*+! $#'-&$! '-#+! %#,,(1&/2! (+3$&#,(+.! '-&!
3*%"/&4('2!*5!'-&!&#$'-!,2,'&%!,(%0/#'(*+6!

!  7,! '-&! /*8! $&,*/0'(*+! 30$$&+'/2! 0,&9! 90&! *+/2! '*! /#3:! *5! 3*%"0'&$! #+9! -0%#+!
$&,*0$3&,!*$!/#3:!*5!0+9&$,'#+9(+.!#+9!;30/'0$#/!(+&$'(#;6!

!  <*&,! '-&!&4"&$(&+3&!*5!=>?!#+9!&#$/2!&55*$',!8('-!1&$2!-(.-!$&,*/0'(*+!3/(%#'&!
,(%0/#'(*+,!3*+5($%!'-#'!%03-!-(.-&$!$&,*/0'(*+!(,!&,,&+'(#/6!

!  75!'-&!#+,8&$!'*!'-&!@0&,'(*+!#A*1&!(,!2&,!'-&+!8-2!#$&!8&!+*'!9*(+.!%*$&6!
!  B*8!,'$*+.!(,! '-&!&1(9&+3&!'-#'!$&,*/1(+.!9&&"!3*+1&3'(*+!(+!/#$.&C,3#/&!%*9&/,!

.(1&,! (%"$*1&%&+',! '*! '-&! 5*$&3#,',! #+9! ,(%0/#'(*+,D! #+9! -&+3&! 50+9#%&+'#//2!
3-#+.&!'-&!&55(3#32!*5!3/(%#'&!"$&9(3'(*+!#+9!"$*E&3'(*+6!

!  7,! ('! "*,,(A/&! '-#'! 3/(%#'&! %*9&/,! 8(//! $&,"*+9! %*$&! +*+/(+&#$/2! '*! (%"*,&9!
3/(%#'&! 5*$3(+.F,! (+! %*9&/,! 8-(3-! $&,*/1&! 9&&"! 3*+1&3'(*+D! 3*%"#$&9! 8('-! '-&!
30$$&+'!.&+&$#'(*+!*5!3/(%#'&!%*9&/,6!

!  <*!,'*3-#,'(3!'&3-+(@0&,!"$*1(9&!#+!#/'&$+#'(1&!'*!0/'$#C-(.-!$&,*/0'(*+6!
!  <*! G&.(*+#/! H/(%#'&! I*9&/,! JGHI,K! +&3&,,#$(/2! (%"$*1&! '-&! $&/(#A(/('2! *5!

$&.(*+#/! 3/(%#'&! 3-#+.&! 5*$&3#,',6! 7,! '-&$&! #! +&&9! 5*$! GHI,! 8-&+! 9&&"!
3*+1&3'(*+!(,!$&,*/1&9!(+!./*A#/!3/(%#'&!%*9&/,6!

!
!"#$%$!&'!
!

!  >-#'!(,!'-&!A&,'! ,'$#'&.2!'*!"$*1(9&!,055(3(&+'!3*%"0'#'(*+#/!3#"#A(/('2!'*!&+#A/&!
'-&! 9&1&/*"%&+'! #+9! *"&$#'(*+! *5! 9$#%#'(3#//2! -(.-&$! $&,*/0'(*+! #+9! -(.-&$!
3*%"/&4('2!8&#'-&$D!3/(%#'&C!#+9!L#$'-C,2,'&%!%*9&/,!(+!'-&!+&4'!MN!2&#$,6!!

!  O-*0/9!"#$'+&$,-(",!A&'8&&+!'-&!%*9&/(+.!3*%%0+('2!#+9!'-&!3-("P,2,'&%!9&,(.+!
3*%%0+('2! A&! 5*,'&$&9! '*8#$9! '-&! 9&1&/*"%&+'! *5! #! ,"&3(#/()&9! Q3/(%#'&!
3*%"0'&$R6!!

!  >-#'!#$&! '-&!30$$&+'! ,'#'0,!#+9!30$$&+'! '$&+9,! (+!-(.-C&+9!3*%"0'(+.6!>-#'!#$&!
'-&!$&@0($&%&+',!5*$!8&#'-&$!#+9!3/(%#'&!%*9&/(+.!5*$!'-&!+&4'!9&3#9&6!!

!  S$&! 30$$&+'! "/#+,! A2! '-&! 3*%%&$3(#/! -(.-C&+9! 3*%"0'(+.! 1&+9*$,! /(:&/2! '*!
"$*903&!,2,'&%,!3#"#A/&!*5!#99$&,,(+.!'-*,&!+&&9,6!

!  >-#'!#$&!'-&!30$$&+'!,'#'0,!#+9!30$$&+'!'$&+9,!(+!"&'#,3#/&!,*5'8#$&6!!
!  B*8!3#+!'-&!8&#'-&$!#+9!3/(%#'&!%*9&/,!'#:&!#91#+'#.&!*5!'-&,&!9&1&/*"%&+',6!!
!  S$&! ,055(3(&+'! $&,*0$3&,! A&(+.! 9&9(3#'&9! '*! '-&! 9&1&/*"%&+'! *5! ,*5'8#$&!

&+1($*+%&+',!'*!,0""*$'!8&#'-&$!#+9!3/(%#'&!%*9&/(+.6!!
!  >-#'!#$&!'-&!30$$&+'!,'#'0,!#+9!30$$&+'!'$&+9,!(+!./*A#/!8&#'-&$!#+9!3/(%#'&!%*9&/!

9&,(.+6!!
!  >-#'!#91#+3&,!(+!5/0(9!92+#%(3,!%*9&/(+.!(+!*'-&$!5(&/9,!-#1&!A&&+!%#9&!*$!#$&!

#+'(3("#'&9! #+9! -#1&! '-&! 8&#'-&$! #+9!3/(%#'&! %*9&/!9&1&/*"%&+'! .$*0",! '#:&+!
#91#+'#.&!*5!'-&,&!9&1&/*"%&+',6!

!
"#$%$!('!
!

!  H#+!8&!9&5(+&!#!,'$#'&.2!5*$!%*9&/!&1#/0#'(*+!'-#'!,"#+,!#!-(&$#$3-2!*5!,3#/&,!#+9!
"$*3&,,&,6!!

!  H#+! 8&! (9&+'(52! :&2! 0+3&$'#(+'(&,! 5*$! 8-(3-! '-(,! "$*3&,,CA#,&9! &1#/0#'(*+! (,!
&,,&+'(#/D!#+9!*'-&$!:&2!0+3&$'#(+'(&,!5*$!8-(3-!('!(,!/&,,!(%"*$'#+'6!!

!  B*8!9*!"$*3&,,&,!(+'&.$#'&!(+'*!#+!*1&$#//!%*9&/!,&+,('(1('26!!
!  H#+!3/(%#'&!%*9&/,!*$!'-&($!3*%"*+&+',!A&!(+('(#/()&9!#+9!0,&9!5*$!Q$&#+#/2,(,R!*5!

*A,&$1#'(*+,! #+9! 9*&,! '-(,! (%"$*1&!&1#/0#'(*+,! #+9! (+,(.-',! 5*$! %*9&/!
(%"$*1&%&+',6!!
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!  "#$%! &'()'*++! ,+! '*-.,'*/! 0*1('*! 2*! 3$4! ,4,%,$5,6*! 3(.&5*/! 35,7$%*! &'*/,3%,(4!
7(/*5+8!!

!  9+!,%!+.11,3,*4%!%(!&*'1('7!.43(.&5*/!,4,%,$5,6$%,(4+!$4/!%#*4!3(.&5*!%#*!,4,%,$5,6*/!
3(7&(4*4%!7(/*5+8!!

!  "*! :4(2!+*;*'$5!3$4/,/$%*+!%#$%!#$;*!%#*!&(%*4%,$5!1('!3$''<,4)!/*3$/$5!35,7$%*!
&'*/,3%$0,5,%<!=!%#*!(3*$4>!+*$!,3*>!+(,5!7(,+%.'*>!$4/!%#*!+%'$%(+&#*'*?!@(2!3$4!2*!
1,4/! (.%! 7(+%! *11*3%,;*5<! 2#,3#! (1! %#*+*! 3$4/,/$%*+! ,4/**/! 5*$/+! %(! 0*%%*'!
&'*/,3%,(4+8!

!  A$4! 2*! /*1,4*! $! 7$4$)*$05*! +*%! (1! 7*%',3+! %#$%! $55(2! .+! %(! -.$4%,1<! #(2! 2*55!
7(/*5+!1,%!(0+*';$%,(4$5!/$%$8!"#$%!7*%',3+!7$&!(4%(!35,7$%*!+*4+,%,;,%<8!!

!  A$4!2*!7$&!$4<!7*%',3!(4%(!$!&.'&(+*!1('!2#,3#!,%!,+!/*1,4*/8!!
!  B(!2*!#$;*!%(!%$:*!+&*3,$5!7*$+.'*+!%(!$;(,/!%#$%!%#*!7*%',3+!%#*7+*5;*+>!'$%#*'!

%#$4!7(/*5!,7&'(;*7*4%>!0*3(7*!%#*!%$')*%8!
!  B(!35,7$%*!7(/*5+!3(''*3%5<!+,7.5$%*!7$C('!35,7$%*!+,)4$5+!+.3#!$+!%#*!'*%'*$%!(1!

D'3%,3!+.77*'!+*$!,3*!/.',4)!EFFG8!!
!  @(2!7.3#!(1!%#*!/,+3'*&$43<!,+!/.*!%(!,4#*'*4%!&'*/,3%$0,5,%<!,++.*+!;*'+.+!7(/*5!

/*1,3,*43,*+8!!
!  @(2!7.3#!,+!$%%',0.%$05*!%(!H*I%*'4$5J!1('3,4)!;*'+.+!H,4%*'4$5J!*;(5.%,(48!!94!%#*!

5$%%*'!3$+*>!#(2!3',%,3$5!$'*!%#*!,4,%,$5!3(4/,%,(4+8!!
!  D'*! %#*'*! 35,7$%*! +,)4$5+! %#$%! 7(/*5+! 3$44(%! 0*! *I&*3%*/! %(! +,7.5$%*! 3(''*3%5<!

*;*4!.4/*'!%#*!0*+%!3,'3.7+%$43*+8!!
!  A$4! 2*! $%%',0.%*! 7$C('! 35,7$%*! +,)4$5+! %(! +&*3,1,3! 3$.+*+>! %#.+! *I&5$,4,4)! #(2!

%#*<! $'(+*8! "#$%! /(*+! $0,5,%<! %(! +,7.5$%*! ,77*/,$%*! &$+%! *;*4%+! K('! (%#*'2,+*L!
7$&!(4%(!3(41,/*43*!,4!1.%.'*!&'*/,3%,(4+8!

!  B(!2*!#$;*!$4!$/*-.$%*!+%'$%*)<!%(!,4;*+%,)$%*!&$'$7*%*'!+*4+,%,;,%<!,4!7(/*5+8!
!  B(!2*!#$;*!%#*!$&&'(&',$%*!+%$%,+%,3$5!1'$7*2(':8!!
!  B(!2*! :4(2!#(2!%(!+$7&5*!&$'$7*%*'!+&$3*>!0(%#!3(43*&%.$55<!$4/! *11,3,*4%5<!

*4(.)#8!!
!  @(2!/(*+!&$'$7*%*'!+*4+,%,;,%<!7$&!(4%(!7(/*5!+*4+,%,;,%<8!
!  M,;*4! %#*! 5$')*! 4.70*'! (1! N(/*5! 94%*'O3(7&$',+(4! P'(C*3%+! KN9PQ+L! %#$%! #$;*!

(33.''*/!+(!1$'>!/(!2*!#$;*!$4!$/*-.$%*!N9P!+%'$%*)<8!!
!  9+! %#*! N9P! +%'$%*)<! 3(7&'*#*4+,;*! *4(.)#! %(! ),;*! .+! ,4+,)#%! 0(%#! ,4%(! #(2!

'*$5,+%,3$55<! ('! .4'*$5,+%,3$55<! 7(/*5+! +,7.5$%*! %#*! 2('5/>! $4/! ,4+,)#%! ,4%(!
:4(25*/)*! $0(.%! #(2! 7(/*5+! /,11*'! 1'(7! *$3#! (%#*'>! %#.+! &(,4%,4)! $%! :*<!
+%'.3%.'$5!.43*'%$,4%<8!!

!  9+!,%!%,7*!%(!+%(&!%'*$%,4)!$55!7(/*5+!$+!*-.$5+!,4!%#*!9PAA!7.5%,O7(/*5!*4+*705*8!
!  @(2!/(!N9PQ+!5*$/!%(!7(/*5!,7&'(;*7*4%8!

!
!"#$#%&'%
!

!  "#$%! ,+! %#*! +%'$%*)<! %(! *4+.'*! *4#$43*/! $4/! +.+%$,4*/! 7(/*5,4)! *11('%+! $4/!
3(7&.%,4)!&(2*'!$%!%#*!*I,+%,4)!7(/*5,4)!3*4%*'+!(1!%#*!2('5/8!R'>!,+!%#*!+3$5*!(1!
%#*!3#$55*4)*!+(!5$')*!%#$%!,4!$//,%,(4!%(!%#*!3.''*4%!4$%,(4$5!*11('%+>!$!1$'!7('*!
3(7&'*#*4+,;*>!$4/!,4%*'4$%,(4$55<!3(('/,4$%*/!$&&'($3#!,+!4**/*/8!

!  @(2! 3$4! 2*! 3(4;,43*! )(;*'47*4%+! $4/! 1.4/,4)! $)*43,*+! (1! %#*! ,77*4+*!
*3(4(7,3!;$5.*!(1!$4!,43'*$+*/!3$&$0,5,%<!%(!&'(/.3*!,41('7$%,(4!(4!'*),(4$5!$4/!
5(3$5!3#$4)*+!$4/!;$',$%,(4+!,4!35,7$%*>!2#,3#!$'*!(1!+.11,3,*4%!$33.'$3<!%(!*4$05*!
2*55O,41('7*/!/*3,+,(4+!(4!$/$&%$%,(4!$4/!7,%,)$%,(4!(&%,(4+!%(!0*!%$:*48!!
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• "#!$%!&%%'!(!'%)#&*+,(+-#&!.,#/%0+!(&'!-1!*#!$2(+!1#,)!*2#34'!-+!+(5%6!!7#$!#,!
*2#34'! *302! (! .,#/%0+! -&143%&0%! +2%! *+,30+3,%! (&'! ,%)-+! #1! +2%! &%8+! 9:;;!
(**%**)%&+6!!

• <2(+! (,%! +2%! =%*+! *+,(+%>-%*! +#! 1#*+%,! 0#44(=#,(+-#&! (&'! -&+%,(0+-#&! ()#&>! +2%!
$%(+2%,?04-)(+%!)#'%4-&>!0#))3&-+@A!0#).3+(+-#&(4!143-'! '@&()-0*!0#))3&-+@!
(&'!0#).3+%,!B(&'!02-.C!)(&31(0+3,%,*!+#! (02-%D%!(! )-44-#&!1#4'! -&0,%(*%!-&!+2%!
%11%0+-D%!0#).3+-&>!.#$%,!1#,!04-)(+%!(&'!$%(+2%,!)#'%4-&>!(&'!.,%'-0+-#&6!!

• <2(+! (,%! +2%! =%*+! *+,(+%>-%*! 1#,! 1#*+%,-&>! 0#44(=#,(+-#&*! ()#&>! %8-*+-&>! 0%&+%,*!
(,#3&'!+2%!$#,4'!+#!+(054%!+2%!-&+%44%0+3(4!02(44%&>%!#1!(02-%D-&>!+2-*!*+%.!02(&>%!
-&! 04-)(+%! )#'%4-&>! (&'! .,%'-0+-#&6! <2(+! ,#4%! *2#34'! +2%! <;E:! .4(@! -&!
1(0-4-+(+-&>!+2-*6!!

• 7(*!+2%!+-)%!0#)%!1#,!+2%!04-)(+%!)#'%4-&>!0#))3&-+@!#1!+2%!$#,4'!+#!%*+(=4-*2!(!
'%'-0(+%'! *3.%,0#).3+-&>! 1(0-4-+@! (&'! (! 0#44(=#,(+-D%! ,%*%(,02! 1,()%$#,5! 1#,!
04-)(+%! (&'! $%(+2%,!)#'%4-&>! (&'! .,%'-0+-#&! +2(+! -*! =%@#&'! +2%! 0(.(=-4-+@! #1! (!
*-&>4%!&(+-#&6!

!
!"#$%&'(%)$(*$)+&,&$-!./0..!(1. $
$
<-+2! +2%! %80%.+-#&! #1! F2%)%! GA! 1#,! $2-02!(44! '-*03**-#&*! $%,%! 2%4'! -&! .4%&(,@!
*%**-#&A!+2%,%!$(*! (! *%.(,(+%!=,%(5#3+!>,#3.!1#,!%(02!+2%)%H! ! I!=,-%1! ,%.#,+!#1!+2%!
'-*03**-#&!-&!+2%!=,%(5#3+!>,#3.*!-*!>-D%&!=%4#$H!
!
)2343$ 5$ %36789$:(;38;<3=>$ ?7@<39AB$ C8<;38?D$ @E883F9$ ?9A9E?$ 7G$ =3A9238$ AFC$
@B<4A93$47C3B<FHD$?98A93H<3?$G78$?3A4B3??$683C<@9<7FD$@8E@<AB$2I67923?3?J$
!
F2%)%! G! .,#D-'%'!+2%! 0#&+%8+! 1#,! +2%! *3))-+! '-*03**-#&*A! -&! +%,)*! #1! +2%! ,%4%D(&+!
*+,(+%>@!.,#0%'3,%*!3&'%,+(5%&A!+2%!'#03)%&+*!.,#'30%'A!+2%!-'%(*!'%D%4#.%'!-&!+2%)!
(&'!,%4%D(&+!'%D%4#.)%&+*!-&!+2%!0#))3&-+@H!
!
F2%!<;E:!JKKLMGL!N+,(+%>@A!;##,'-&(+%'!O=*%,D(+-#&!(&'! :,%'-0+-#&!#1!+2%!P(,+2!
N@*+%)!-&+,#'30%'!+2%!&#+-#&!#1!+2%!*%()4%**!04-)(+%M$%(+2%,!.,#=4%)A!2->24->2+-&>!
+2%!4(05!#1!*.%0+,(4!>(.A!+2%!-&+-)(+%!,%4(+-#&*2-.!=%+$%%&!$%(+2%,!(&'!04-)(+%!(&'!+2%!
-).#,+(&0%! #1! $%(+2%,! -&! +2%! -).(0+! #1! 04-)(+%H! 9+! (4*#! 2->24->2+%'! +2%! ,(&>%! #1!
02(44%&>%*! +2(+! (,%! -&0,%(*-&>4@! =%-&>! 1(0%'! -&! .,%'-0+-#&A! -&043'-&>! +2%! ,%*#43+-#&A!
0#).4%8-+@A!4%&>+2!(&'!&3)=%,*!#1!*-)34(+-#&*!(&'!+2%!,%Q3-,%)%&+!1#,!#=*%,D(+-#&(4!
'(+(! (&'! +2%! &%%'! +#! (**-)-4(+%! -+! -&! +2%! 0#&+%8+! #1! )#'%4*H! ! ;#44(=#,(+-#&! $-+2!
<<E:! F7OE:PR! 2(*! 4%'! +#! (! <2-+%! :(.%,! '%+(-4-&>! +2%! (..,#(02! +#! +#.-0*! #1!
0#))#&! -&+%,%*+A! (&'! (4*#! +#>%+2%,! $-+2! 9ST:! (! 0#&+,-=3+-#&! +2,#3>2! +2%! SPO!
.,#0%**H!!F2%!)#'%4-&>!0##,'-&(+-#&!-&!<;E:!(&'!9ST:!2(*!4%'!+#!(!*.%0-1-0(+-#&!#1!
(! .,#>,()! #1! %8.%,-)%&+(+-#&! ,%4(+%'! +#! '%0('(4! +-)%M*0(4%! .,#/%0+-#&*! #1! 04-)(+%!
02(&>%H!!!
!
F2%!U(.(&%*%!%8.%,-%&0%!-&!,3&&-&>!>4#=(4!04-)(+%!)#'%4*!$-+2!,%*#43+-#&!#&!*0(4%*!
#1!GK5)!2(*!4(-'!+2%!=(*-*!1#,!(!$-'%,!%8.%,-)%&+(+-#&!(&'!(..4-0(+-#&!#1!*302!D%,@!
2->2M,%*#43+-#&!)#'%4*H!!!
!
9+!$(*!0#&043'%'!+2(+!+2%!*#0-%+(4!&%%'!1#,!(!,%D#43+-#&!-&!04-)(+%!)#'%4-&>!-*!%D-'%&+!
(&'!+2(+!+2%!*0-%&0%!$(*!-&!(!*311-0-%&+4@!)(+3,%!*+(+%!+#!*3..#,+!*302!(!,%D#43+-#&H!!!
$
$
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!"#$#% &% '#()*+% ,-*).(#/+.% 0)*% 1#2+34#1#*5+6)1% $)7#8614% .9.+#$.:% ;5851/#%
;#+<##1% *#.)8=+6)1% 517% /)$(8#26+9>% ;5851/#% ;#+<##1% $=8+63$)7#8% 517% =1606#7%
$)7#8614% 0*5$#<)*?>% 6..=#.% )0% (5*5$#+#*6@614% =1*#.)8A#7% ./58#.% 517% *#46)158%
$)7#8.B%
!!!
"#$%! &#'('! )*%! *++,-*&'.! *! )$.'! /*01'! ,2! &,3$-%! 2,/! .$%-4%%$,05! "#$%! $0-+4.'.!
%&/*&'1$'%!2,/!24&4/'!(,.'+$01!%6%&'(%7!$%%4'%!,2!3*/*('&'/$8*&$,07!/'1$,0*+!(,.'+$01!
*%!)'++!*%!&#'!9*+*0-'%!/':4$/'.!*0.;,/!$(3+$'.!9'&)''0!/'%,+4&$,0!*0.!-,(3+'<$&6!,0!
&#'!,0'!#*0.!*0.!(4+&$=(,.'+%!*0.!40$2$'.!(,.'+$01!,0!&#'!,&#'/5!>!+$%&!,2!3,%%$9+'!
:4'%&$,0%!#*.!9''0!&*9+'.!)#$-#!)*%!+*/1'+6!%43'/%'.'.!96!*!./*2&!2,/!$01/'.$'0&%!,2!*!
3,%%$9+'!?+$(*&'!@/'.$-&$,0!@/,A'-&!3/,B$.'.!A4%&!9'2,/'!&#'!2$/%&!/,40.!,2!.$%-4%%$,0%5!
>%!-*0!9'!*33/'-$*&'.!9'+,)7!%'B'/*+!,2!&#'!1/,43C%!(*$0!-,0-+4%$,0%!*0.!-,0-'/0%!
.$/'-&+6!$02+4'0-'.!&#'!2$0*+!D4(($&!D&*&'('0&5!
!
"#'! .$%-4%%$,0%! 2,-4%'.! 2$/%&! ,0! &#'! ./*2&! 3/,A'-&! $01/'.$'0&! +$%&! *0.! -*0! 9'!
%4((*/$8'.!*%!2,++,)%E!
!
"#'! -,0-'3&! ,2! *! 3/'.$-&$,0! 3/,A'-&! )*%! 1'0'/*++6! *--'3&'.! 3/,B$.'.! &#*&! $&! )*%!
40.'/%&,,.!&,!#*B'!*!%-$'0&$2$-!2,-4%!*0.!&,!9'!'0B$%*1'.!,0!*!+,01!'0,41#!&$('%-*+'!
F'515!GH6'*/%I5!D,('!-,0-'/0!)*%!'<3/'%%'.!&#*&!&#'!.$%&$0-&$,0!9'&)''0!J3/'.$-&$,0C!
*0.! J3/,A'-&$,0C! )*%! 3/,9*9+6! 40-+'*/! &,! 0,0='<3'/&%! *0.! ($1#&! +'*.! &,!
($%40.'/%&*0.$01%!$2!0,&!-*/'24+5!!
!
K&! )*%! 0,&'.! &#*&! &#'! L'6! $01/'.$'0&! ,2! J%'*(+'%%0'%%C! )*%! ($%%$01! 2/,(! &#'! ./*2&!
3/,A'-&!-,(3,0'0&!+$%&!*0.!&#'!1/,43!0,&'.!&#*&!&#$%!),4+.!%'B'/!&#'!$0&$(*&'!+$0L%!&,!
&#'! L0,)+'.1'! 9*%'! ,2! MN@5! D&/,01! B$')%! &#*&!&#$%! (4%&! 9'! /'('.$'.! $0! &#'! 2$0*+!
B'/%$,0!)'/'!'<3/'%%'.5!K&!)*%!24/&#'/!0,&'.!&#*&!*.B*0-'%!$0!,4/!40.'/%&*0.$01!,2!&#'!
-+$(*&'!%6%&'(!%#,4+.!9'!$0&'1/*+!&,!&#'!3/,A'-&%!*-&$B$&$'%7!,0-'!*1*$0!40.'/+$0$01!&#'!
,B'/)#'+($01!B$')!,2!&#'!1/,43!&#*&!&#'!3/,A'-&!(4%&!#*B'!*!%&/,01!2,-4%!,0!%-$'0-'5!
!
"#'! (,%&! '<&'0%$B'! *0.! L'6! .$%-4%%$,0! )#$-#! *+%,! .,($0*&'.! 3*/&! ,2! &#'! @+'0*/6!
.$%-,4/%'!-,0-'/0'.!&#'!/,+'!,2!&#'!3/,3,%'.!),/+.!-+$(*&'!/'%'*/-#!2*-$+$&65!!O'%3$&'!
(*06!*0.!B*/$'.!$.'*%!*%!&,!)#*&!&63'!,2!'<3'/$('0&%!'&-!($1#&!9'!$0B'%&$1*&'.7!&#'/'!
)*%! B$/&4*++6! 40*0$(,4%! *1/''('0&! &#*&! &#'!2*-$+$&6! %#,4+.! #*B'! &#'! -#*/*-&'/! ,2! *!
%-$'0&$2$-!'0&'/3/$%'!/*&#'/!&#*0!*!3/'.$-&$,0=.,($0*&'.!,0'5!"#'!1/,43!2'+&!&#*&!$&!)*%!
&#'!*.B*0-$01!,2!,4/!40.'/%&*0.$01!&#*&!)*%!-/$&$-*+5!!N,/.%!%4-#!*%!J.'(,0%&/*&$,0C!
*0.!J./'*(C!'<3'/$('0&%!)'/'!)#*&!$0%3$/'.!3',3+'5!!
!
K&! )*%! &#'! %&/,01! -,0%'0%4%! B$')! ,2! &#'!1/,43! &#*&! 3/,1/'%%! -,4+.! 9'! ./*(*&$-*++6!
*--'+'/*&'.! 96! 2,-4%$01! ,0! '<3'/$('0&%! &#*&! */'! &),! ,/! (,/'! 1'0'/*&$,0%! *#'*.! ,2!
0*&$,0*+! '22,/&%! *0.! &#*&! ($1#&! $0.$-*&'! )#*&! &#'! (,%&! %4--'%%24+! 24&4/'! (,.'+!
.'B'+,3('0&!.$/'-&$,0%!%#,4+.!9'5!"#'/'!)* %!)$.'=/*01$01!*1/''('0&!&#*&!/'%'*/-#!*&!
&#'! 2*-$+$&6! %#,4+.! 2,-4%! ,0! -,(3+'('0&*/6! *-&$B$&$'%! &#*&! %433,/&! '<$%&$01!
0*&$,0*+;/'1$,0*+! '22,/&%!94&!)#$-#!-*00,&!9'!-*//$'.! ,4&! 96!$0.$B$.4*+!-'0&'/%!F%4-#!
*%! &#'! 1/*0.! -#*++'01'! F./'*(I! %$(4+*&$,0%! F'5157! 4+&/*=#$1#! /'%,+4&$,07! 40-'/&*$0&67!
$0-/'*%'.!-,(3+'<$&6I!/*&#'/!&#*0!/,4&$0'!3/,.4-&$,0!,2!-+$(*&'!3/'.$-&$,0%5!K&!)*%!2'+&!
&#*&!&#'%'!L$0.%!,2!'<3'/$('0&%!),4+.!%&$(4+*&'!%-$'0&$2$-!*0.!&'-#0,+,1$-*+!*.B*0-'%!
&#/,41#,4&!&#'! -,((40$&6! *0.!+*6!&#'!2,40.*&$,0!2,/! 24&4/'! 3/'.$-&$,0! '22,/&%7!A4%&!
+$L'!&#'!P4(*0!Q'0,('!@/,A'-&!+*$.!&#'!2,40.*&$,0!2,/!/'%'*/-#!$0&,!(*06!9/*0-#'%!
,2!('.$-$0'!&#*&!*22'-&!#4(*0L$0.!&,.*65!!
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!
"#$%$! &'(! )$*$%'+! ')%$$,$*-! -#'-! ,./#! #0)#$%! %$(1+.-01*! 12! -#$! ,'31%! ,14$+!
/1,51*$*-(! 6'-,1(5#$%$7! 1/$'*7! +'*48! 0(! '! 2.*4',$*-'+! 5%$%$9.0(0-$! 21%! '! ,1%$!
%$'+0(-0/! %$5%$($*-'-01*! 12! -#$! /+0,'-$! (:(-$,! '*4! ,1%$! %$+$;'*-! 5%$40/-01*(! 6$<)<7!
$=-%$,$(7!/1*;$/-01*7!-%150/'+!;'%0'>0+0-:7!%$)01*'+!'*4!+1/'+!'55+0/'-01*(8<!
!
?'*:!5$15+$!2$+-!-#'-!0,5%1;0*)!-#$!>'(0/!,14$+!5#:(0/(!(#1.+4!>$!'!@$:!5'%-!12!'*:!
5%151('+! &#$-#$%! -#%1.)#! 0*(50%$4! 4$;$+15,$*-7! ,./#! #0)#$%! %$(1+.-01*(! 1%!
(-1/#'(-0/! /1*/$5-(<! A-! &'(! *1-$4! ($;$%'+! -0,$(! -#'-! ,'*:! 12! -#$! *'-01*'+! $221%-(! '-!
0*/+.40*)! ,1%$! (15#0(-0/'-$4! ,14$+! /1,51*$*-(! 6$<)<7! '-,1(5#$%0/! /#$,0(-%:! '*4!
'$%1(1+(8! '%$! /.%%$*-+:! ($;$%$+:! +0,0-$4! >:! -#$! 511%! %$5%$($*-'-01*! 12! (1,$! 12! -#$!
.*4$%+:0*)! 5#:(0/'+! 5%1/$(($(! 6$<)<7! /1*;$/-01*7! /+1.4(8<! A-! &'(! *1-$4! -#'-! -#$!
B%13$/-C(! '/-0;0-0$(! ,.(-! (.551%-! '! %'504! 0,5%1;$,$*-! 12! -#$($! %$5%$($*-'-01*(! 02!
5%1)%$((!0*!/+0,'-$!5%$40/-01*!0(!-1!>$!,'4$<!
!
"#$!$=/0-$,$*-!12!'44%$((0*)!)114!(/0$*/$!9.$(-01*(7!04$*-02:0*)!'*4!-'/@+0*)!D%1'4!
>+1/@(E7! 0*! 5'%-! -#%1.)#! -#$! 1551%-.*0-0$(! 5%1;04$4! >:! '! *$&! (.5$%F2'/0+0-:! &'(! '*!
$(($*-0'+!5'%-!12!'*:!$*4$';1%7!'*4!1*$!-1!>$!5%$($%;$4!'*4!*.%-.%$4!*1-!+$'(-!21%!-#$!
$*)')$,$*-! 12! -#$! :1.*)! (/0$*-0(-(! & #1! ,0)#-! 1-#$%&0($! ($$! ,14$+0*)! '(!
.*'--%'/-0;$<!!
!
"#$! '>($*/$! 12! (1,$! @$:! /1,,.*0-0$(! 0*! -#$! 40(/.((01*! 6$<)<! /%:1(5#$%$7! +'*4!
(.%2'/$8!&'(!*1-$4<!A-!&'(!$*;0(')$4!-#'-!$'/#!12!-#$!'>($*-!/1,,.*0-0$(!&1.+4!#';$!
-#$0%! 1&*! ($-! 12! 51((0>+$! D4%$',E! 1%! D4$,1*(-%'-01*E! $=5$%0,$*-(! -1! '//$+$%'-$!
5%1)%$((!0*! -#$0%!%$(5$/-0;$! '%$'(!12!%$($'%/#<!G1&$;$%!-#$! )%1.5!40(/.((01*(! /1.+4!
*1-! /1*(04$%!0*! '*:!4$-'0+!&#'-! -#$($!$=5$%0,$*-(! (#1.+4!>$!0*! -#$!*1*F'-,1(5#$%0/!
/1,51*$*-(!12!-#$!/+0,'-$!(:(- $,<!"#0(!&'(!.*21%-.*'-$<!!
!
"#$%$! &'(! '*! 0*-$%$(-0*)! 02! 0*/1*/+.(0;$! 40(/.((01*! 1*! #1&! 1*$! &1.+4! ,$'(.%$!
(.//$((!12!-#$!5%13$/-! '*4!-#$!2'/0+0-:<!G1&$;$%!0-!&'(! .*'*0,1.(+:! '*-0/05'-$4!-#'-!
;$%:!#0)#F%$(1+.-01*!(-.40$(!&1.+4!(.>(-'*-0'++:!0,5%1;$!-#$!5%$40/-01*!12!-#$!-%150/'+!
/+0,'-$! '*4!0-(! ;'%0'>0+0-:<!A2!-%.$7!-#$! /1*($9.$*/$(!21%!5%$40/-01*(!21%!(1,$!12! -#$!
,1(-! 515.+'-$4! '*4! :$-! 511%$(-! '%$'(! 12! -#$! )+1>$! &1.+4! 4%','-0/'++:! 0,5%1;$7! '!
510*-!(-%1*)+:!$,5#'(0H$4!0*!-#$!40(/.((01*(<!!
!
"#$!)%1.5!'+(1!40(/.(($4!'*/0++'%:!,'--$%(!(./#!'(I!

J8 K1;$%*'*/$!F!/1*/+.40*)!-#'-!'-!+$'(-!5'%-!12!-#$!5%13$/-!'*4!0*!5'%-0/.+'%!-#$!
2'/0+0-:! (#1.+4! 0*;1+;$! '*! '/-0;$! /1,51*$*-! 12! 5%151('+F>'($4! %'-#$%! -#'*!
$=$/.-0;$F4%0;$*!%$($'%/#!

L8 "#$!0,5+0/'-01*(!12!-#$!MB%13$/-C!1*!:1.*)!(/0$*-0(-(!'*4!-#$!(.55+:!12!$=5$%-!
(-'22!F!/1*/+.40*)!-#'-!-#0(!&'(! '!40220/.+-! '*4!4$+0/'-$!0((.$!$(5$/0'++:!0*!-#$!
21%,'-0;$!:$'%(!12!'*:!*$&!0*0-0'-0;$!(./#!'(!&'(!>$0*)!5%151($4<!

N8 "#$!$(($*-0'+!>'+'*/$!*$$4$4!>$-&$$*!'*:!"%'/@!J!(.5$%/1,5.-$%!2'/0+0-:!'*4!
-#$!4'-'!'%/#0;0*)7!%$-%0$;'+!'*4!;0(.'+0H'-01*<!

!
A*!(.,,'%:!-#$!)%1.5!('&!-#$!21++1&0*)!'(!0-(!M;0(01*C!-#'-!(#1.+4!>$!(.>(/%0>$4!>:!
-#$!O-'-$,$*-!!
!

Ð "1!5%1;04$! '!9.'*-.,!+$'5!0*! -#$!$=5+1%'-01*!12! -#$!+0,0-(!0*!1.%! '>0+0-:! -1!
%$+0'>+:!5%$40/-!/+0,'-$!'*4!-1!(.551%-!-#$!*$$4(!12!(1/0$-:!-1!,'@$!4$/0(01*(<!
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!
!"#$#% &% '#()*+% ,-*).(#/+.% 0)*% /1**#2+% "34"5#26% /)$(1+#*% .7.+#$.% 826%
3$(93/8+3)2.%0)*%$)6#9%/)6#%6#.342:%
!
"#$!%&''&()*+!,&-)./!($0$!,#$!%&.1/!%&0!,#$!"#$2$34!5)/.1//)&*6!!
!

78 90&/-$.,/!%&0!#)+#3$*5!.&2-1,)*+!#:05(:0$!)*!,#$!*$;,!5$.:5$!
:8 <&*=$*,)&*:'!/>/,$2/!:*,).)-:,$5!%0&2!.&22$0.):'!=$*5&0/!
?8 9&,$*,):'!%&0!#:05(:0$!.1/,&2)@:,)&*!%&0!.')2:,$!/)21':,)&*!

A8 90&/-$.,/!%&0!-$,:/.:'$!/&%,(:0$!
:8 B>/,$23'$=$'!/&%,(:0$!C.&2-)'$0/D!$,.8E!
?8 F0:2$(&0G/!

48 90&/-$.,/!%&0!$=&'=)*+!.')2:,$!2&5$'!5$/)+*!!
:8 H**&=:,)=$! *12$0).:'! 2$,#&5/! C:5:-,)=$! 2$/#! 0$%)*$2$*,D! +0)5/!

(),#&1,!/)*+1':0),)$/D!$,.8E!
?8 I>*:2).!'&:5!?:':*.)*+!

!
"#$!5)/.1//)&*! (:/! :5=)/$5!?>! ,#$! -0$/$*,: ,)&*/!+)=$*!510)*+! ,#$! "#$2$34! -'$*:0>!
/$//)&*8! !F)+8!7! /#&(/! :*!$/,)2:,$5!0$':,)&*/#)-!?$,($$*! -$:G! .&2-1,:,)&*!0:,$/!&*!
':0+$! /1-$0.&2-1,$0/! :*5! ,#$! +0)5! /)@$/! )*! .')2:,$! 2&5$'/! ,#:,! .&1'5! ?$! 1/$5D!
://12)*+! ,#:,! :! 2)*)212! ,#0$/#&'5! ,)2$3,&3/&'1,)&*! )/! :.#)$=$58! I10)*+! ,#$!
5)/.1//)&*D! ,#$! .&*.$0*! :?&1,! #&(! ,&! (&0G! (),#! $;:?>,$/! &%! 5:,:! (:/! 0:)/$58! "#$!
%&''&()*+!/122:0)@$/!,#$!5)/.1//)&*!)*!$:.#!.:,$+&0>6!/,0:,$+>D!#:05(:0$D!/&%,(:0$D!
2&5$'/D!:*5!5:,:8!!
!
B,0:,$+>!
!

!  A large, international facility for climate modeling must be programmatically 
viewed as analogous to a satellite mission in terms of scale, cost, ÒmissionÓ 
organization, ambition. 

!  Climate prediction requires dedicated facilities, particularly if there will be a 
service component (delivering products), as national weather services perform. 

!  The target should be 100-1000 simulated days per wallclock day for whatever 
resolution model is used.  

!  The goal is to produce qualitatively better solutions.   
!  Because software and hardware must be developed hand in hand, there is a 

requirement for much more effective collaboration, including strategic 
partnerships, among the large labs, the university community and the 
vendor/compiler communities, including software engineers, model developers 
and tool builders.  

!  There is a need for increased investment in computational science, closely 
linked to the climate prediction enterprise. 

!  There needs to be a process to ensure balance among all components, especially 
between computing and data management and analysis. The scale of the 
problem is such that this may require new methodologies like on-the-fly 
processing and aspects such as are envisioned for the Data Curator. 

!  For both high-end computing and data management, what is not viewed as 
extraordinary effort needs to be made standard, i.e., there is a need to make the 
heroic routine. 
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!  There is a critical need for more software engineers in the field. More generally, 
resources need to be invested in both computing infrastructure and trained 
personnel. There may be an underused resource of expertise in HEC to be 
exploited within the universities. 

 
Hardware 
 

!  "#$%&'#$! ()*+,)*$! -()-! .)/! 01223*-! *$0$)*.(! 3/!+$4$#32&/5!63+$#0! ,&-(!61.(!
(&5($*!72*3.$008*$03#4&/59!*$03#1-&3/!&0!/$$+$+:!!

!  ;$/+3*0! .1**$/-#<! +$#&4$*! 6).(&/$0! 3'-)&/&/5! )! 5&4$/! 2$*=3*6)/.$! 3/!
'$/.(6)*>0! 7$:5:! ?@ABCDE9! -()-! +3!/3-! *$=#$.-! -($! #&>$#<! 2$*=3*6)/.$! =3*!
.1**$/-!)/+!=1-1*$!.#&6)-$!63+$#0:!F3*$!*$)#&0-&.!'$/.(6)*>0!0(31#+!'$!10$+!=3*!
)! +$+&.)-$+! .#&6)-$! 63+$#&/5! 2#)-=3*6:! G3,$4$*H! &-! &0! &623*-)/-! -3! /3-$! -()-!
'$/.(6)*>&/5! /$,! )*.(&-$.-1*$0! ,&-(! 3#+! .3+$0! &0! /3-! /$.$00)*&#<! )! 533+!
)22*3).(:!!

!  I($*$!)*$!61#-&2#$!&001$0!*$#)-$+!-3!-($!.30-!)/+!23,$*!*$J1&*$6$/-0!=3*!)!61#-&8
2$-)8=#32!.#&6)-$!.3621-$*:!I($!.3/0$/010!$%2*$00$+!'<!-($!4$/+3*0!,)0!-()-!)/!
K3==! -($! 0($#=L! 012$*.3621-$*! ,31#+! '$! 63*$! -()/! 01==&.&$/-! =3*! -($!
.3661/&-<M0!/$$+0:!

!  G$-$*35$/$310! 7$:5H! 0.)#)*N4$.-3*9! )*.(&-$.-1*$0! 6)<! '$! )! ,3*>)'#$! 03#1-&3/H!
)#-(315(!-($!()*+,)*$!.30-!6)<!'$!(& 5($*!)/+!-($!2*35*)66&/5!63+$#!6)<!'$!
63*$!+&==&.1#-:!

!  D3/0$/010!3=!-($!J1$0-&3/!3=!.10-36&O)-&3/!3=!.(&20!)/+N3*!0<0-$6!)*.(&-$.-1*$0P!!
o I($!10$!3=!02$.&)#!=#3)-&/5!23&/-!5)-$!)**)<0!7"BQC9!2*3.$003*0!-3!)..$#$*)-$!

2)*-0!3=!63+$#0! .31#+! '$! )/! )*$)!3=!$%2$*&6$/-)-&3/H!$:5:H!02)*0$!6)-*&%!)/+!
61#-&5*&+! 03#4$*0! )*$! .3+$+! $==&.&$/-#<! 3/! .$##! 2*3.$003*0! )/+! )..$#$*)-3*0!
)#*$)+<:!

o I($!10$!3=!2*3')'&#&0-&.!.(&20!/3,!&/!+$4$#326$/-!.31#+!'$!)!2300&'&#&-<!=3*!
&/-*3+1.&/5!0-3.()0-&.!2*3.$00$0!&/-3!63+$#0!)-!.(&2!#$4$#:!!

o C!*)+&.)#!/$,!+$0&5/!')0$+!3/!.$##!2(3/$!.(&2!-$.(/3#35<!.31#+!'$!3=!&/-$*$0-!
=3*! .#&6)-$! 63+$#&/5! R! +$4$#326$/-! 3=! -(&0! &+$)! ,31#+! #&>$#<! *$J1&*$! 34$*!
STUU!6&##&3/:!!

o I($! 2*3'#$6! ,&-(! -)&#3*&/5! )! 02$.&=&.! 6).(&/$! =3*! )! 2)*-&.1#)*! .#)00! 3=!
)#53*&-(6! &0! -()-! &-! #&6&-0! -($! )'&#&-<! -3! 10$! -($! 6).(&/$! =3*! 2300&'#$! =1-1*$!
63+$#0!)/+!/16$*&.)#!6$-(3+0:!!

o I($!.3/0$/010!,)0!-()-!-(&0!0(31#+!/3-! '$!$62()0&O$+H!'$.)10$!6$63*<!2$*!
2*3.$003*!)/+!02$$+!3=!.3661/&.)-&3/0!0,&-.(!)*$!.*&-&.)#!$#$6$/-0H!'$.)10$!
-($! +$4$#326$/-! .30-! &0! 4$*<! (&5(H! )/+! '$.)10$! .1**$/-#<82#)//$+! 6).(&/$0!
'$&/5! +$#&4$*$+! )*$! #&>$#<! -3! '$! 0$*4&.$)'#$! =3*! .#&6)-$! 2*$+&.-&3/! &/! /$)*!
=1-1*$:!G3,$4$*H!'$.)10$!6&##&3/8.3*$!6).(&/$0!)*$!#&>$#<!-3!'$!4$*<!+&==$*$/-!
=*36! -3+)<M0! .3621-$*0!7,&-(!FB@!3*!V2$/FB!2*35*)66&/5!63+$#09H!-($*$!
0(31#+!'$!036$!&/4$0-6$/-!&/!-(&0!+&*$.-&3/!=3*!#3/5$*!-$*6:!
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"#$%&'()!
!

!  *%! +,--,#./! #$! 0#()/! 1#(! $)&)(23! ,%! ,/! )45)0%)6! %7'%! .)&! &'8/! #$! )45()//,.9!
0#.0:(().08! ;#%7! $#(! 7'(6&'()! )-)+).%/ ! '.6! $#(! +#6)-! 0#+5#.).%/! &,--! ;)!
()<:,()6=! >7)()! '()! -'.9:'9)/! #.! 7#(,?#.! 1)=9=! >,%'.,:+2! %7'%! +'8! /,+5-,$8!
,//:)/! ()-'%,.9! %#! 5'('--)-,/+3! &)'@! A/=! /%(#.9! /0'-,.93! '.6! +)+#(8B+)+#(8C
;'.6&,6%7!,//:)/=!

!  >7)()! ,/! '! ()<:,()+).%! $#(! +#()! ,.%)--,9).%! $':-%C%#-)('.%! +)%7#6/! &,%7!
+'//,A)-8!+:-%,C0#()!/8/%)+/=!D7)0@5#,.%,.9!%#!6,/@!&,--!;)0#+)!,+5('0%,0'-=!

!  E%!+'8!;)!5#//,;-)!%#!-)'(.!$(#+!%7)!0#++:.,%8F/!5()A,#:/!)45)(,).0)!,.!+'@,.9!
%7)! %('./,%,#.! $(#+! '! A)0%#(! 5(#9('++,.9! +#6)-! %#! '! 5'('--)-! 5(#9('++,.9!
+#6)-=! E%! +'8! '-/#! ;)! '6A,/)6! %#! -)A)('9)! %7)! )45)(,).0)! #$! %7)! ()/%! #$! %7)!
5)%'/0'-)!0#++:.,%8=!

!  >7)! ('%,#!#$!$-#'%,.9!5#,.%!0#+5:%'%,#.!('%)!%#!+)+#(8!07'.9)/!6)5).6,.9!#.!
%7)! /#-A)(! )+5-#8)63! )=9=! '-9);(',0! +:-%,C9(,6=! >7)! /#(%/! #$! /#-A)(/! '.6!
'-9#(,%7+/!,.!:/)!$#(!0-,+'%)!+#6)-,.9!#A)(!.)4%!$)&!8)'(/!+'8!07'.9)=!

!
G#6)-/!

!
!  >7)()!'()!'%+#/57)(,0!HDG/!0:(().%-8!,.!:/)!'%!IJ!@+!()/#-:%,#.!%7'%!0'.!(:.!'%!

K3JJJ!%,+)/!$'/%)(!%7'.!()'-!%,+)=!G#6)-/!&,%7!LI!@+!()/#-:%,#.!'()!&,%7,.!()'07!
&,%7,.!.)4%!%7())!8)'(/!#(!/#=!>7)!68.'+,0'-!0#()!#$!D*G!/0'-)/!)45)(,+).%'--8!
%#!KJJ3JJJ!0#()/=!

!  "#+)!#0)'.!0#6)/!&#.F%!/0'-)!%#!7,97!).#:97!-)A)-/!#$!5'('--)-,/+3!5'(%,0:-'(-8!
6:)!%#!%7)!/#-:%,#.!'-9#(,%7+!$#(!%7)!;'(#%(#5,0!+#6)=!

!  >7)! 0#++:.,%8! /7#:-6! /%(,A)! $#(! 9-#;'-! .#.C786(#/%'%,03! 0-#:6! 1#(! 0-#:6!
/8/%)+2!()/#-A,.9!+#6)-/!#$!%7)!'%+#/57)()!1&,%7!0#+5'(';-)!()/#-:%,#.!,.!%7)!
#0)'.2=!>7,/! ,/! .#%!-,@)-8!%#!;)! '%%',.)6!&,%7,.!%7)!.)4%!$,A)!8)'(/=!E.0()+).%'-!
5(#9()//!,/!.))6)6!%#!&#(@!%#&'(6!%7'%!9#'-=!

!  >7)()!,/!.#!6)$,.,%,A)!6)+#./%('%,#.!%7'%!()/#-A,.9!0-#:6/!#(!0-#:6!/8/%)+/!&,--!
6)$,.,%)-8! -)'6! %#! ;)%%)(! 0-,+'%)! 5()6,0%,#./3! /#! '! 6)+#./%('%,#.! 5(#M)0%! ,/!
.))6)63!,=)=3!'!(:.!+'6)!'%!+:07!/7#(%)(!%,+)/!%7'.!0-,+'%)!07'.9)!/,+:-'%,#.=!*!
A)(8! 15)(7'5/! #A)(-82! '+;,%,#:/! %'(9)%! $#(! 0-,+'%)! +#6)-,.9! 0'.! 7)-5! 0'5%:()!
5)#5-)F/!,+'9,.'%,#./!'.6!+'@)! 5(#9()//!,.!%7,/!6,()0%,#.=!

!  E%! ,/! .#%! 0-)'(! %7'%! %7)! +#/%! '55(#5(,'%)! #(9'.,?'%,#.'-! +#6)-! #.)! ,.! &7,07!
/0,).%,/%/!&(,%)!%7)!0#6)!N!'!.)&!O,.6:/%(,'-!0#+5:%,.9P!+#6)-!+'8!.))6!%#!;)!
'6#5%)6=!!

!
Q'%'!

!
!  */!+#6)-/!()'07!@,-#+)%)(C/0'-)!()/#-: %,#./3!%7)8!&,--!9).)('%)!R17:.6()6/!#$!

)4';8%)/2!#$!#:%5:%!6'%'=!
!  >7)!#:%5:%!&,--! -,@)-8! ;)!6,/%(,;:%)6!N! /%#()6! '%! ,.6,A,6:'-!+#6)-,.9!0).%)(/!N!

'.6! %7)! +)%'6'%'! &,--! ;)! 0).%('-,?)6=! >7,/! ,/! .#%! %7)! 0:(().%! +#6)-! #$! 6'%'!
+'.'9)+).%!,.!:/)!$#(!0#++:.,%8!0-,+'%)!+#6)-,.9=!!

!  >7)()!,/!'!.))6!%#!0#./,6)(!'--!'/5)0%/!#$!6'%'!+'.'9)+).%!'.6!'//)//+).%S!6'%'!
'(07,A)/3! 6'%'! /%#()6! #.! .'%,A)! 9(,6/3! ()9()//,#.! %)/%! /:,%)/3! ()/%'(%! 6'%'! /'A)/3!
'.6!%7)!:/)!#$!7,97C5)($#(+'.0)!0#+5:%,.9!7'(6&'()!$#(!6'%'!'.'-8/,/=!

!  Q'%'! +,.,.9! 1$)'%:()! 6)%)0%,#.! )%0=23! &7,07! ,/! %#6'8! '.! )/#%)(,0! ()/)'(07!
5(#;-)+3!+'8!;)0#+)!'!.)0)//,%8!%#!&#(@!&,%7!)4';8%)!6'%'!A#-:+)/=!",+,-'(-83!
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"#$%$! &'(! )$! '! %$*+,%$&$-"! ./%! /-0"#$0.1(! 2%/3$44,-5! '-6!
7,4+'1,8'",/-9'-,&'",/-:!!

!  ;33$44,),1,"(!"/!6'"'!)(!'!&+3#!1'%5$%!2/2+1'",/-!<)$(/-6!&/6$ 1$%4!'-6!31,&'"$!
43,$-",4"4=!&'(!)$!2%/)1$&'",3!4,-3$!6'"'!3'-!)$!&,4+4$6!7$%(!$'4,1(:!

!
!

>,5+%$!?:!;-!$4",&'"$@!)'4$6!/-!"#$!2$%./%&'-3$!/.!"#$!AB>!'"&/42#$%,3!&/6$1@!/.!
"#$!5%,6!4,8$!<C&=!"#'"!3/+16!)$!+4$6!'"!7'%,/+4!3/&2+"'",/-'1!3'2'),1,"(!1$7$14!./%!
2%/)1$&4!%'-5,-5!.%/&!-+&$%,3'1!D$'"#$%!2%$6,3",/-!<EAF=!"/!31,&'"$!3#'-5$!
2%/G$3",/-:!;!&,-,&+&!"#%$4#/16!/.!",&$0"/04/1+",/-!,4!'44+&$6!,-!$'3#!3'"$5/%(:!
!
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!"#$#% &% '#()*+% ,-+*.+#/0#1% 2)*% $)3#4% #5.46.+0)78% $)3#407/% #9(#*0$#7+18% .73%
070+0.40:.+0)7% 2)*% (*#30;+0)7% )2% +"#% ;)6(4#3% );#.7<4.73<.+$)1("#*#% ;40$.+#%
1=1+#$>%

!
"#$!"#$%$!&!'()*+))(,-)!.,*+)$'!,-!/#$!.,00,1(-2!/,3(*)4!
!

!  56,*$))789)$'!%,'$0!$:90+9/(,-!
!  ;9/9!9))(%(09/(,-<!9-90=)()<!9-'!(-(/(90(>9/(,-!
!  ;$/$*/(,-!9-'!9//6(8+/(,-!,.!*0(%9/$!$:$-/)!
!  ?$/6(*)!
!  @-)$%80$)!

!
"#$! 26,+3! /6($'! (-! 396/(*+096! /,! ('$-/(.=! ())+$)! 1(/#(-! $9*#! /,3(*! /#9/! 6$A+(6$'!
*,%3+/(-2! 6$),+6*$)! )(2-(.(*9-/0=! 8$=,-'! 1#9/! ()! *+66$-/0=! 9:9(0980$B! C-! /#$!
.,00,1(-2<! /#$)$! ())+$)! 96$! *#969*/$6(>$'! 9)! 269-'! D*,%3+/9/(,-90E! *#900$-2$)! 9-'!
%96F$'!8,0'B!
!
56,*$))789)$'!%,'$0!$:90+9/(,-!
!
@:90+9/(,-! ,.! %,'$0! )$-)(/(:(/($)! )#,+0'! ,**+6! -,/! ,-0=! 929(-)/! G.96! ',1-)/6$9%H!
:96(980$)<! 8+/! 90),! 929(-)/! (-/$6%$'(9/$! 36,*$))$)! 9-'! A+9-/(/($)B! I,6! $J9%30$<! /#$!
$..$*/)! ,.! :96=(-2! *0,+'! )*#$ %$! 3969%$/$6)! )#,+0'! 8$!$:90+9/$'! -,/! ,-0=! 929(-)/!
20,8907)*90$!)9/$00(/$!'9/9<!8+/!90),!929(-)/!1#9/!()!F-,1-!98,+/!89)(*!*0,+'!36,*$))$)B!
"#$! 26,+3! *09))(.($'! 9)! 269-'! *#900$-2$)! /#$! ('$-/(.(*9/(,-! ,.! 6$0$:9-/! 36,*$))$)<!
1#(*#! 6$A+(6$)! )(2-(.(*9-/0=! $-#9-*$'! %,'$0! 6$),0+/(,-<! 9-'! #(2#76$),0+/(,-! %,'$0!
$J3$6(%$-/)! .,6! '$:$0,3(-2!9-'! /$)/(-2! 3969%$/$6(>9/(,-)B! K/#$6! ())+$)! 96$! /#$!
(-*0+)(,-!,.!%,6$!/#9-!,*$9-!9-'!9/%,)3#$6$<!/#$!('$-/(.(*9/(,-!,.!'9/9!6$A+(6$%$-/)!
(-*0+'(-2!/#$!+-*$6/9(-/($)!,.!'9/9!)$/)<!9-!(-.69)/6+*/+6$!.,6!%,'$07'9/9!*,%396(),-)<!
9-'! /#$! /$)/(-2! ,.! /#$!#=3,/#$)()! /#9/! )$9),-907/,7(-/$69--+90!36$'(*/(,-! ()!+)$.+0! (-!
$:90+9/(-2!)#,6/$67/(%$)*90$!36,*$))$)!,**+66(-2!(-!*0(%9/$!%,'$0)B!!
!
;9/9!9))(%(09/(,-<!9-90=)()<!9-'!(-(/(90(>9/(,-!
!
K-$! 269-'! *#900$-2$! ('$-/(.($'! (-! '9/9! 9))(%(09/(,-! ()! /#$! (-(/(90(>9/(,-! ,.! *,+30$'!
%,'$0)! .,6! *0(%9/$! 36$'(*/(,-<! 1#(*#! ()! -$*$))96=! /,! ,8/9(-! 3#=)(*90! *,-)()/$-*=!
9*6,))! /#$! *,+30$'!36$'(*/(,-!%,'$0!8+/! :$6=!'(..(*+0/! ,1(-2! /,! /#$! :9)/0=! '(..$6$-/!
/(%$! )*90$)! /#9/! %+)/! 8$! )39--$'B! "#$! 36$)$-*$! ,.! .9)/! 36,*$))$)! 9-'! /#$! 0(%(/)! /,!
36$'(*/98(0(/=! (-#$6$-/! (-! /#$)$! )#,6/! /(%$!)*90$)! (%30=! /#9/! )$*,-'7,6'$6! )/9/()/(*)!
%+)/!8$!9))(%(09/$'B!K/#$6!269-'! *#900$-2$)! (-:,0:$! ,8)$6:(-2! )=)/$%!$J3$6(%$-/)<!
6$A+(6$'! /,! '$:$0,3! 69/(,-90! )/69/$2($)! .,6!'$.(-(-2! /#$! %,)/! $..$*/(:$! 9-'! $..(*($-/!
'9/9! 6$A+(6$%$-/)L! 6$'+*/(,-! 9-'<! (.! 6$A+(6$'<! *,66$*/(,-! ,.! %,'$0! 8(9)! (-*0+'(-2!
'$90(-2! 1(/#! %,'$0! 8(9)! (-! 9))(%(09/(,-L! 9-'! /#$! )3$*(.(*9/(,-! ,.! %,'$0! $66,6!
*,:96(9-*$B! K/#$6! ())+$)! *,%36()$! /#$! 36,:()(,-! ,.! 6$9-90=)()! '9/9)$/)! .,6! %,'$0!
$:90+9/(,-L! (%36,:$%$-/)! (-! /#$! (-(/(90(>9/(,-! ,.! /#$! ,*$9-! *,%3,-$-/! ,.! *,+30$'!
.,6$*9)/! %,'$0)L! %9F(-2! (-6,9')! (-/,! /#$! (-(/(90(>9/(,-! ,.! /#$! *6=,)3#$6$! D)$9! (*$<!
)-,1E! 9-'! 09-'! )+6.9*$! D:$2$/9/(,-<! #='6,0,2=E! *,%3,-$-/)! ,.! *0(%9/$! .,6$*9)/!
%,'$0)B!!
!
!
!
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"#$#%$&'(!)(*!)$$+&,-$&'(!'.!%/&0)$#!#1#($2!
!
"'! %/&0)$#! 0'*#/2! %'++#%$/3! 2&0-/)$#! 0)4'+! %/&0)$#! 2&5()/2! 2-%6! )2! $6#! +#$+#)$! '.!
7+%$&%!2-00#+!2#)!&%#!*-+&(5!899:;!<.!$6#+#!&2!)! *&2%+#=)(%3!,#$>##(! ',2#+1#*!)(*!
2&0-/)$#*!,#6)1&'-+?!6'>!0-%6!&2!*-#!$'!&(6#+#($!=+#*&%$),&/&$3!&22-#2!1#+2-2!0'*#/!
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Theme 5 Report (Strategies for enhancing human and computing resources: 

requirements and possible organizational frameworks) 

The purpose of the discussions was to consider the options for achieving the 
enhancement of resources necessary for a revolution in climate prediction, through 
national, international and/or global actions. The group considered both the hardware 
infrastructure requirements to deliver the computational power, as well as potential 
organizational frameworks that might facilitate greater intellectual firepower.  

As a community we are committed to providing more advanced and reliable regional 
climate predictions to underpin local and regional adaptation needs with robust 
estimates of risk. We all agreed that the science is not complete; a clear statement to 
the UNFCCC and other bodies that current predictions are not adequate and why, 
should be made.  

Important issues for the modeling community are reducing model biases and 
providing better estimates of uncertainty, not just in climate sensitivity, but also in 
terms of extremes and high impact climate and weather variations. There is general 
agreement that providing improved information at the regional and local level 
requires significant increases in model resolution, which are currently limited by 
insufficient computer power.  We also noted the need to continue our drive towards 
representing the complex, multi-scale nature of the climate system more completely, 
and hence the requirement for an enhancement of intellectual firepower to attack 
these problems.  

These challenges require a concerted, international response. Whilst it is imperative 
that national activities are enhanced significantly, we also recognized that ‘business-
as-usual’ will not deliver the step change required to respond to societal needs. 
Alongside an ongoing enhancement of national activities, the proposal was made for a 
global facility (or federation) to be established, based around one or more dedicated 
high-end computing facilities, which would have a capability of 2-3 orders of 
magnitude above what is currently available nationally. This facility would act to 
accelerate progress, build global capacity in the underpinning science and technology 
base, and engage the global user community.  

There was considerable discussion concerning the scope of this global facility and the 
question of whether it would deliver predictions or be primarily a research and 
capacity-building operation. Should it be science driven or service driven? There was 
a strong message from the national centers that their experience base of working with 
regional customers, often through NWP, means that predictions must continue to be 
made at the national level. There was also strong support for maintaining model 
diversity and that an element of competition was healthy!  

It was agreed that the following areas are where a global facility could have a real 
impact and provide substantial benefits to national activities: 

!  Developing next generation numerical cores that can exploit massively parallel 
computing architectures. This is a major challenge which all modeling centers 
face and for which a coordinated approach would be extremely beneficial. This 
might extend in the longer term to a common modeling framework.  

!  Provide a significantly enhanced computing capacity to scientists across the 
world so that they can perform simulations with an unprecedented level of detail 
and/or complexity (‘windows into the future’) required to advance 
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understanding and representation of the physical and biogeochemical processes 
in the climate system and thereby accelerate model improvement.  

!  Provide access to the level of computing resource necessary to perform climate 
predictions with a range of models at resolutions that are not possible on 
national facilities. This would contribute to a quantum leap in the exploration of 
the limits in our ability to reliably predict climate with a level of detail and 
complexity that is not possible now.  

!  Provide an enhanced data archive, analysis and visualization service for both 
observational and model data.    

!  Provide a portal for !"#$%" users of climate predictions to access the most up-to-
date information.  

!  Provide a focal point for advanced computational science that can follow closely 
the technology trends.   

!  Support a program of training and capacity-building in the use of climate 
models and climate predictions for developing countries. The role played by 
ICTP was noted as an example of the kind of function that could be offered.  

 

These various functions are represented schematically in the following figure, which 
seeks to emphasize the important role that this central facility should play in the 
coming decade and beyond in enabling the national centers to achieve the end result 
of confident estimates of risk at the regional and local level over lead times from 
seasons out to a century.   

 

 

 

 

 

 

 

 

 

 

 

There was some limited discussion on how to resource the project. The need for a 
clear statement of what the proposed investment will deliver and how success will be 
measured was emphasized. It also needs to be clear that there is no intention to 
compete with national centre funding i.e. government. Private sector and foundations 
were proposed as possible funders, but it was emphasized that foundations never 
support what governments will support, and the private sector may look for direct 
benefits. The importance of stressing the global, humanitarian aspects was noted 
when making the case for new and substantial investment.  
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3.(0,4*!+*'*,+36!5,3(.(4/!5%+!3.(0,4*!1+*)(34(%&!46,4!;(..!*&,-.*!46*!&,4(%&,.!3*&4*+'!4%!
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'3(*&4(5(3!;%+C5%+3*8!,&)!*&7,7(&7!46*!7.%-,.!='*+!3%00=&(4/#!

!
!
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7. The central component of this world facility will be one or more dedicated high-end 

computing facilities that will enable climate prediction at the model resolutions and levels 
of complexity considered essential for the most advanced and reliable representations of 
the climate system that technology and our scientific understanding of the problem can 
deliver. This computing capability acceleration, leading to systems at least a thousand 
times more powerful than the currently available computers, will permit scientists to strive 
towards kilometer-scale modeling of the global climate system which is crucial to more 
reliable prediction of the change of convective precipitation especially in the tropics. 
 

8.   Access to significantly increased computing capacity will enable scientists across the 
world to advance understanding and representation of the physical processes responsible 
for climate variability and predictability, and provide a quantum leap in the exploration of 
the limits in our ability to reliably predict climate with a level of detail and complexity 
that is not possible now.  It will also facilitate exploration of biogeochemical processes 
and feedbacks that currently represent a major impediment to our ability to make reliable 
climate projections for the 21st century.   
 

9.    Sustained, long-term, global observations are essential to initialize, constrain and evaluate 
the models.   Well-documented and sustained model data archives are also essential for 
enabling a comprehensive assessment of climate predictions.  An important component of 
the !"#$%&'()*'+#,&#-.()*-/',&  will therefore be an accessible archive of observations 
and model data with appropriate user interface and knowledge-discovery tools. 

 
10. To estimate the quality of a climate prediction requires an assessment of how accurately 

we know and understand the current state of natural climate variability, with which 
anthropogenic climate change interacts. All aspects of estimating the uncertainty in 
climate predictions pose an extreme burden on computing resources, on the availability of 
observational data and on the need for attribution studies. The Climate Prediction Project 
will enable the climate research community to make better estimates of model 
uncertainties and assess how they limit the skill of climate predictions.  

(
11. Advances in climate prediction will require close collaboration between the weather and 

climate prediction research communities. It is essential that decadal and multi-decadal 
climate prediction models accurately simulate the key modes of natural variability on the 
seasonal and sub-seasonal time scales.   Climate models will need to be tested in sub-
seasonal and multi-seasonal prediction mode also including use of the existing and 
improved data assimilation and ensemble prediction systems.  This synergy between the 
weather and climate prediction efforts will motivate further the development of seamless 
prediction systems. 

 
12.  The !"#$%&'()*'+#,&#-.()*-/',&  will help humanity’s efforts to cope with the 

consequences of climate change. Because the intellectual challenge is so large, there is 
great excitement within the scientific community, especially among the young who want 
to contribute to make the world a better place. It is imperative that the world’s 
corporations, foundations, and governments embrace the !"#$%&'()*'+#,&#-.()*-/',& .  
This project will help sustain the excitement of the young generation, to build global 
capacity, especially in developing countries, and to better prepare humanity to adapt to 
and mitigate the consequences of climate change. 
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APPENDIX 1 ("#$%&"'!

()*+,!-),.++/01!2344/5!6)*!7+/485.!9*.,/:5/)0;!<!=!>!-8?!@AAB;!C.8,/01!!!!

Tuesday, 6 May 2008 

A>DAA=
EADAA!

C.1/F5*85/)0!G!7)66..! !
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[05.*085/)08+!7))\.*85/)0!

EADSA!=EEDAA! C8].0,*8!98:H83*/!K[977'! ^.?0)5.!8,,*.FF!

EEDAA=
EEDAS!

I)H0!7H3*:H!K(7C9MI27'! ZH.!(7C9!T/.X!

EEDAS!=!
EEDEA!

-/:H.+!_.+80,!
K(-NM7"2M((C9'!

ZH.!7"2M((C9!T/.X!

EEDEA=
EEDES!

78*+)F!%)Q*.!K[#_9'! ZH.![#_9!T/.X!

EED@A!=!
EEDWS!

I.66*.?!28:HF!K$8*5H!
[0F5/535.'!

ZH.!$66.:5F!)6!7+/485.!7H801.!)0![05.*085/)08+!
-/1*85/)0;!Z*8,.;!80,!5H.!&/F5*/Q35/)0!)6!
[0:)4.!

EEDSA=!
E@DES!

7H*/F!O+.X.++?0=24/5H!
KL^"$"'!

ZH.!7$C%!.`\.*/.0:.!

E@D@A!=!
E@D@S!

C.085.!a81.,)*0!
K$7-(R'!

N*180/U85/)08+!800)30:.4.05F!

E@DVA=
EWDAA!

!"#$%& !
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Download the electronic version from http://wcrp.wmo.int/ 
PG_Reports_WCRPSeries.html or send a request for a hard 
copy to wcrp@wmo.int. 
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