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"#PREFACE:

|

The World Modelling Summit for Climate Prediction was co-sponsored by the World
Climate Research Programme (WCRR)orld Weather Research Programme
(WWRP), and the International GeospheBiosphere Programme (IGBP), Oto
develop a strategy to revolutionize the prediction of the climate to address global
climate change, especially at regional scale.O0 The primary emphasis of the Summit
was on the simulation and prediction of the climate system, but the participants
recognized similar challeng®pportunities in weatheand other environmental
simulation and predictions and that thes#ds can also benefit from the discussions
and recommendations of the r®wit. They acknowledged that
challenges/opportunities in research, develepnand verificatiorof climate models

span across a wide range of time (intra- and inter-seasonal, decadal, centennial, and
longer), and space (global, continentalgioeal, and other) scales that require
immediate attention of clim@, weather and envirorental 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
(ECMWE). The success of the Summit was due in large part to the major efforts of
the organizers, host, sponsors and théiggaants. 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 @gfives/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 futupgojections; 3) obtaining computational
capabilities that are three to four ordersvagnitude greater than the best available
capabilities today; and 4) establishing aralimate modelling project/programme
that benefits from the expertise and istveents of the nations around the world to
achieve these priorities. The participamescognized all four objectives to be
challenging beyond the resources and capabibfiesy single nation, thus identified

the opportunity for global coordinatiomé 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 Sence (ICSU), United Nations Education, Science and
Cultural Organization (UNESCO), Ingwvernmental Oceanographic Commission
(I0C), United Nations Environment Programme (UNEP), and the World
Meteorological Organization (WMO), antheir member countries to adopt and
support these recommendations for impleménain the near-, intermediate- and
long-term.

We believe the Summit was successful in achigvis primary goal of identifying the
common priorities that are shared and endblsethe 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 Oclimate information and prediction
for decision makingO which will depend to a large extent on our ability to predict and
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project reliably the state of EarthOs clensystem on seasonal, decadal and longer
time scales, but more importantly to dyesize 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 providersdausers of such information. This is
indeed a multi-generationsO challenge and opportunity that WCRP is pleased and
privileged to embrace and support through itsvoek 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
"HP%E'($)!1*($+,!-+#./'%!0%1%/$&2!35(4%$/..%



II. BACKGROUND:

"H#S1 %6& ()1 *H'$()', ! -&..))$$! /%6+-0! &, }#$! 18&234! -3'.5)$! 6$7$52+#! 828925..$!
/1-6801"()2&4:+$4! 5! ($;17)25)$9'+! ,25.$:82<!'(1=>>21)&!'()$925)$! 5(4! 7@ )#S$T'A$!
5+)B)'$7! &,! 533! )7! +&.C&($()7! /-DEFG6H! 1J1IKH! -3-H! *8G6-0! )&! &L)5'(! 5!
#&3'7)+! 5(41 C2$4'+)'BS! :(4$27)5(4'(9! & )&)53! CH@7'+53! +3'.5)$! 7@7)$.M! "#7!
7)25)$9'+! ,25.$:&2<H! -&&24'(5)$4! NL7S2B5(4! 82$4'+)'&(! &, )#$! I52)# *@7)$.!
I-N8J*0I#571571715'.01!

|

I"#$%& () %) #%+%0(,--#%+ #I0*'&)"+# 28 LYERHFA%60'%05' () #%+ H#&2%+E*HS OH T -*H'+#
o-+#'+80*%o-'+6H0%+6*H#"$H#/0%8&.) &Y (HYHH DIR)HOE (*A%0+&*BH5*+*$ ) H Yo+ HA%(T*H#)"#
&) O

#

"&I'.C3$.$0))#71($;!7)25)$9'+!B'7'&(1&-N8J*H! 1-681+2$5)$4!);&!C5($370!1-68!
NL7$2B5)'&(7!5(4!G77".'35)'&(7!85($3!/ING80!5(4! 1-68! P&4$3'(9! 85($3!/1P8OM!!
1P8I+&(7'7)71&,1+#5'271&,1$Q'7)'(9!1-688.4$3'(9!C5($37M!!"#$!.5'(12&3$7!&, 1 1P8!
$2%1)&! +88&24'(5)$! J#$! 5+)'B')'$7! &,1 J#$! $Q'7)'(9! 1-68! .&4%$3'(9! C5($37! /1IRIH!
IP88H!"S*8H! 1I*ESH! 1LINPTH! 1I-P0!5(41)&!'4$()', @! C2&L3%$.7!5(413".)5)'&(7!
&,H$!I$Q'7)(9!.&4$37H! 45)51577".'35)'&(7! 7@7)$.7! 5(41 +&.C:)'(9! ,5+'3')'$71)&;5247!
U:5(),@'(9!5(41#52B$7)'(9))#$!:$$<3@V 7SBT&E55453!C2$4'+)5L'3) @! &, S CH@T'+53!
+3'.5)$17@7)$.M!I!

|

"#$1 1P8! C2$7$($4! )71 28C&2)! )&! JHS! 96*-1 5)1 YTL.83Y(9! #$34! 5)! X5(A'L52H!
"5(A5('5!&(IP52+#1=YVZ>H!=>>[M!IG!7:..52@!&,! 1P8!4'7+: 77'&(75(41+&(+3: 7'&(7!' 7!
9'B$(IL$3&;0!

|

\M "#$2$1'71(7:,,+$()!1+&. C2$#$(7'B$!.&4$314$B$3&C.$()!$,,82)!193&L533@M!"#$!$,,&2)!
'718,)8(1:(4$2V,:(4$4H!48$7!(&) #5B$! 7:7)5'($417:CC&2)H!'71+&(7'4$2$41:(935.82&:7!
L@! 7&.$!5(41 7+'$()'7) 7! $(959%4! (1. &BHSBSI&C.$()! 4&! (&)! ($+$7752'3@! #5B$! 5!
+3$521+52$$2!C5)#M!!

=M1IRJ!I5(4!1I*ESI#5BSIC& ()$41&:)! 7$2'&:713".)5)'&(7!&,!3&:12$7&3:)'&(1+3".5)$!
&A$371'(17'.:35)'(91)#$! +:225()! +3'.5)$H! $7C$+533@! J#$! 7)5)'7)'+71 &,1 .'4V35)'):4$!
7)&2.715(41L3&+<'(OMIE)!'7!)#$2$,&2$ @RS 7 +#1.84$371+5(19'BS!7:,, +'$()3@!
2$3'5L3$! $7).5)$7! &,! +#5(9$7! (1 J#$! 7)5)'7)+7! &,! 2$9'&(53! +3'.5)$! )&! ,5+'3)5)$!
545C)5)'&(1 5)! J#$! 2$9'&(53! 5(4! 3&+53! 7+53$! )&! +3'.5)$! +#5(9$M! E)! '7! $77$()'53! 5(4!
:29$() )#5)! +3'.5)$! .&4$37! 523! $B53:5)$4! :)# 2$7C$+)1)&! 5! +&.C2$#$(7'B$! 79)! &, !
&4$31.$)2'+7M!!

ZM]7$! &, #'HV2$78&3:)'&(12$9'&(53! .&4$37!)&! 4&;(7+53$! 2$9'&(53! +3'.5)$! +#5(9$! ' 7!
U:$7)'&(5L3$! "1 }#$! 93&L53! .&4$37:#2&#! 35)$253! L&:(452@! +&(4')'&(7! ,&2!
2$9'&(53!.&4$37152$!C2$7+2'L$4148! (L)SBMBS$! 7'.:35)'&(1&,!C35(3)52@!;5B$7!
5(417)5)'7)'+71&,17)&2.7!5(41L3&+<'(9M!!

AM 1#3$! )#$2$! ‘7! 5! 9$($253! 5++$C)5(+$! JH5)! J$! 1254')'&(53! L&:(452'$7! L$):$$(!
$5)#$2! 5(4! +3'.5)$! 52$! 7&.$:#5)! 52)',+'53H! W$2$! '7! 57! @3)! (&! :8&234V;'4$!
&295(A$4! 5(4! +&&24'(5)34! $,,82)1G85.$()! J#$! ,25.$:82<! ,&2! 7$5.3$77!
C2$4'+)'&(1 &,! ;$5)#$2! 5(4! +3'.5)$! BSRBIM! 1 "#'71 25 $:82<! 2$U:'2$71 )#5)1 )#S!
4$+54531 5(4! .:3)'V4$+5453! C2$4'+)B(F! ES--V+3577! .&4$37! T#&:34! .&B$!
)&;5247! +&(7'4$25)'&(! &,! +3'.5)$! +#5(9$! 57! 5(1'(")'53! B53:$! C2&L3$.M! "#7! ;33!
:3).5)$3@! 2$U:'28! #S$! 7)5)$! &,! )#S$! &+$5(V35(4V5).&7CHS2$V+2@&TCHS2S! 7@7)$.!
TH&:34! L$! +&22$+)3@! '(')'53 ASARB-ER)! $(4$41 J#5)! #S$! ES--V+3577! .&4$37!

- 44



"#$%&'1()1"%(*)+,)',$!'-,-1-" . &-,.$01- 0'112)".+,.$0!$3!"#$2,4,)2/15)-,#)2!-0'l
67894,:1)!;-2.-,.80"<!1=0p" 1-"I>1'-:13$2)+-",1)122$2"1-2)1+2.,.+-&!.0!"),)2/.0.0?! #)!
>@! -1 3$2)+-",1)22%$2" .0! 7ABC! "$/)! )&)/)0,"! $3! $0)! ")-"$0! $2! $0)! :)-2!
12)'.+,.$0"/-:10)1+2.,.+-&!13$2!")+--&!12)".+,.$0"<!!

D< E#)15)-,#)2!-0'1+&./-)1/$")&.021+$//%0.,:'$)"10$, 1#-:)1"%33.+.)0, 1+$/1%,.0?!
1$5)21,$!(%.&'1-0'1);)&S$1! #)10)F,12)0) 2-,.$0!$3!1+&$%'":")/12)"$&;.0?1/$)&"<!
G!".20.3.+-0,132-+,.$0!$3!+$/1%,.0?11$5)2!'%2.0?! #)! 1-" IH@!:)-2"1#-"1())0!%")'
3%$2! 29%00.0?! -1 &-2?)! 0%/()2! $3! &$5! 2)"$&%,.$0! I+:+&$0)! "+-&)! 2)"$&;.0?J! /$")&!
)0")/(&)" 3$2! &$0?! 1)2.$™! $3! ,./)<! K,1L)™)0,.-&! #-,! +$/1%,.0?! 1$5)2! ()!
0+2)-")1"%(",-0,.-&&:!(:!-13-+,$2!$3!>@@'@'!"+.)0,.3.+0! ) ) +#0.+-&! +-1-+.,:!

O! .0+2)-"Y1IG! -0 &)-",1 -1 3-+,$2! $3! >@J! ,$! 12$'%+)! 5)-,#)2! -0'1 +&./-,)!
.03%2/-,.$0! $3! "%33.+.)0,! "L.&&! ,$! 3-+.&.,-)! 2)?.$0-&! --1,-,.$0" \$! +&./-))!
;-2.-(.&.,:1-0"1+#-0?)<!!

M<A#.&)! #)2)! #-"1 ())0! +$0".")2-(&)! 12$?2)"'C! 1#:".+-&! +&./[- ) ")/ I$)&"!
+30,.0%)!,$! #-;)!")2.$%&./.,-,.$0! .0!"./%&-,.0?! #)! "1-+)4,.)",2%+,%2)! $3! #)!
+9622)0,! +&./-,)! 12-.03-&&! .0! #)! ,2$1.+-&! 3$2)","C! KENOC! /$0"$$0"C! '2:0)""1 $;)2!

1% 101().0?1.0,2$'%+)'1.01 #)")1/$)&"1 $1-"2)""1"$/)].""%)"<IN-2)3%&!", %".)"!
2)10))'1,$!P%-0,.3:1 )1 ()", 5-:"1$3! ./12%:.0?1 /$)&"1 1)< ?<! 2)-&."/1 :)2"%"]
+$/1&)F.,:J<!

Q<R-+LI$3!"%33.+.)0,1+$/1%,.0?11$5)2!-0''}-,)'1"+.)0,.3.+1" -331, $1);)&$1! - -!

2 [ &=, $01 " )" 3521 Y&, 2-4#.2#! 2)"$&%,.$0! /$)&" #-"1 /)] 133 +%&,! ,$!
2)-&.S)! #)/-F.1%/11$™.(&);-8%6) 1 32$/1"1-+)1/)-"%2)/)0," 54 +#1-2)1/-)!- |
1" 20.3.+-0,1+$" <!!

T< E#)2)!15-"1-12)/-2L-(&)!.0.,.-&!"%++)""1.01":0-/.+-&!")-"$0-&! 12)'.+,.$0!$3!6 789!
-($%,!>@AU@!:)-2"1-2$<I E#)2)!."1-01-11-2)0,! &+L! $313%2,#)2! 12$22)"1 ()+-%")! $3!
&-27)1)22%$2"1 .01 +$%1&)'"1 $+)-04-/$"1#)B)&"C! ($,4#! .01 #)!.0.,.-&! +$0'.,.$0"!
-0'L.01,#)1);$&%,.$01$3! #)1+$%1&) 1":",)/<!!

V< ANWB! 12$%)+," 5$2&'5.)! 5.&&! ()! 12$'969! )0$2/$%"! -/$%0,"! $3! '-,-C! ($,#!
328/1$(")2;-,.$0" -0'1/$)&"<I ANWB!" #$%&'1()?.0!,$!");)&$1! -1 +$//$0! - -!

>@ANWBC! .0! +$&&-($2-,.$0! 5., #! AXIXBNB6[! -0'l K\|BC! -0'! 5$2L.0?! 5.,#!
+9622)0,14)0,)2"CI"#$%&1.0.,.-,)!-1/-*$2P0;).$0-&!)33$2,1.0!"):)&$1.0?! #)10)F, 4
2)0)2-,.$016-2,#18:" )/1/$)&"-01)" - (&"#.0?1-112$12.- }1$/1%,.0?!-0'1"- -!
3-+.&.,.)"<!!

|

E#)! AXB! 2)1$2,! +2)-,)'1 - &.:)&: "."+%"™ $0! -/$0?! #)! =8N! /)/()2"1 5#.+#

+$0,.0%)' (:1)4/-.&!1);)0! -3,)2! #)! =8N!/ )),.0?! | #)! +$0+&%B0"1 /)0,.$0)'! -($:)!

2)12)"0,1,#)1+$0")0"%"1-112%;)'1(:! #)!+#-.2/-01$3!=8NJ<!

|

E#)! =8N!0$,)"! #-,! #)! 5$2&'1 2)+$70.S)"l #-,1 #)! +$0")P%)0+)"! $3! 2&$(-&! +&./-,)!
+#-0?)1+$0",.,%,)!1$0)!$3! #)1/$",1./1$2,-0,1 #2)-,"1 3-+.0?!#%)/-0.,:<! | E#)!"%",-.0)'C!
+$/12)#)0")! -0 $(*)+,.)! ")™N0, "L (! #)! KBNN! #)! +2)-,)1 -1 (2$-'!
+$0")0"%" #-,! #%6/-0! -+,...,.)" -2)! +$0,2.(%,.0?! ,$! +&./-)! +#-0?)<! | E#)! +&./-,)!
"+)0+)! +$//%0.,:! "1 0$5! 3-+)'1 5. # -1 [-*$21 0)5! +#-&&)0?)! $3! 12$:.".0?! "$+.),:!
5.,#12)&.-(8&)12)?.$0-&1+&./1)2)".+,.$0"<!'E#)11)$1&)"C! 2$:)20/)0,"C!-0') +$0$/.)""!
$3!,#)!15$28&'1/9%",1'))&S$1!/.,.2-,.$0!-0'1 --1,-,.$0! ", 2-))2.)"C! 5#.+#! 5.8&&! 2)P%.2)!
0,)",)0,"1$3!,2.8&.$0"1$3!'$8&-2"C! $!-;)!".2)! +$0")P%)0+)"1 $3! +&./-,)! +#-0?)<!!
~),Cl #)!1+%22)0,12)0)2-,.$0! $31 +&./- )1 /$)&" 1 #-;)1")2.$%" &./.,-,.$0"1 .01 "./%&-,.07?!
-0'12)"$&;.0?1 #)!112)")0,! +&./-)1-0'l #)!2)?.$0-&! 5)- #)21;-2.-,.$0"<! | ") $31#.2#4

-5+



"HEY& () V0" H+) %, &1-00 H&S! (%6).%6/+$0, &HI"#+) %%, &I0&)-, (101, *+#1)$1 2 HS()%*, 3&#1) 41 (1#!
+8%3,&! -%.#&S$! 4"%-! /1)0WHR&! 3%™.,"5! 0%*.)()%*$! ,"#! 6"#$0")3#.1 .%! *%(! 1, 7#!
"H#8&),3&H#! $)-'&,()%*8! 1 9(1)$! (1#"#A%"#! *&):H#&5! (1,(1 $'01! -%.H#&S! 0,%! +)7#! $'44)0)#*(&5!
"#8&),3&# #$()-,(#S$! %4! 01, x+#3$! )*! (1#! $(,0S()0$! %4! "#+)%*,&! 0&)-,(#! )(1! ! &HTH&! %A!
0%6*4) #*0#1"#2')"#.135!$%0)#(58!

|

9(N$!)* (1)$!0%*(#:(! (L, (! (1#! <%)*(1=0)#*()4)0! >%--) (1 %4! (1#1 2>@A! $:#.! (1#101,)"!
0641?2BAIC<8!=1"&,D!(%!%"+ ) E#! (1#17%"&.| B%.#&E&)*+1="--) (14%"1>&)-, (#I A"#.)0()%*8!!
F1# &%*+G(#"-! 7)$)%*! 4%"! (1#! ='--)(1 /,$! (%! HTH#&Y%6! ! $(",(#+5! (%! "#7%&'()%*)E#!
6"#.)0()%*! %41 0&)-,(#! (1"%'+1! (1#! HIS(! O#(EE1#&6! ,.." #$$! (1#! (1"#,(! %4! +&%3,&!
0&)-,(#101,*+#16,"()0'&,"&5!, (I"#+)%*,&!$0,8#$8!!!

|

F1#16")-,"51 #-61,$)$! %41 (1#! ='--)(1/,$! %*! (1#! $)-'&,()%*! ,*.1 6"#.)0()%*! %d! (1#!
615$)0,&!08&)-, (#!$5$(#-811J%/HTH#"KI$)*BE(£.)0()%*1 %41 "#+)UOR)-, (#1 01, “+#1)$!
$("%*+&5! ) 4&'#*0#.1 3%(1! 35! /#,(1#"1 4ZYO*S! %*! $1%" (1 ()-#! $0,&#$K! *.1 3)%G+#%G
01#-)0,&16"%60#$SHS1%6%18%6*+G ()-#1$0, 8HSK! (1#1="--)(1/,$10% G $6%*$%"#.135! 272 @A .|
ILMASIFL#="--)(13"%"+1(!(Y+#(1#",3%'( INO!%A! (1#!/%" & P$! &#, ) *+1$0)#* () $($! 4" %-!
L F-3H" %41 )$0)6&) H#S! (%! )BO'S! /1, (1 -$(! 3! .%o #! (%! ,.."#$S! $%0)#(5PS! "+ (!

*## SBIF1#1="--) (1, $!1#&.!, (| (1#1Q>B?RK!@#,.)*+K!ST!%* UG V!B,5!HOOWS!

|

F1# ='--)(10%*$)$(#.! %41 SHTH" &) 6&H#*,"5! 6"#SH*(,()%*$! CSH##! X+#*.,1)*1 664#*.);! D!
F13"H 06 (14"%'61.)$0'$$S) %6*$! 06" 1 4) TH (L#-#S! &#,.1 351 4) TH#! (LH-#1 &#, #'$1 &) $(#.!
3#&%/8!!

|

"#HS% &' M#H)*+ &

|

$(", (H+)HS14%" 1$#,-8&#$$16"#.) 00 YD), & 156%6(L#$HS CM81I%S$:)*$D8!
|

HB! A%S6H0(S! 4%6"! *4£:(G+H4H" ()% -UBBRIMHSZ] 3,8, 0! SH(HH* "HSU& ()%™ *.!
0%-6&%#;)(5[!3,&, *OFI 3H(/H#41-' &()G-Y0.#&) *.I'")A)#.1-% #&)*+1 A" -#/%":[))$$HS$! %!

6," -H(H" E)+I"*"HSY&TH.1$0,&HS! *.I"#+)%* &1-% #&$!CB8!IB)&&#"D8!

!

\8IA"%$6#0($! 4%"10""#+(1 1)+1G#*.10%-6'(#"1 $5$(#-$! *.1)-6&)0,()%*$! 4%"1-% #&! 0% #!
#$)+*1C<8IT)*(#'D8!

!

18! =(",(H+)#S$! 4%"! -%.#&! #7,&' ()%*K! -%.#&)*+! #6#")-#*(SK! *.1 )))(),&)E,()%* 4%"!
6"#.)0()%*1%4! (1#10%'6&#.1%0#,*G &, 3B J##10&) -, (#1$5$(#-|CB8!B, "% (E :#D8!

|

N8I =(",(H+)HS! 406" #41 50)*+1 1'- 1% | 006-6'()*+! "H$06" " OHSZ! "H#2')"#-#+(S! *.1
6%$$)3&#1%"+ *)E,()%*,&14",-#/%":$|C<81=&)*+%D8!
|

-&1J0'1,.&23/1" 40! &

!

XI-3H#"1 0641 2'H$() % $! H"H#] 4%"-'&, (#.1 )*1.7, 504! (%! +).#! (1#! )$0'$$)%*$! (1 (1#!
='--)(BIF L2 #$() %*$!, "#1 &) $(#.13#8%6/8!!

!




"#$#%E&' %

"H#B! %&'(! )*+,*$-./! 0+,1$23+4! 53+! 67789:8! ;&33+<.=,*$<! S?@$+A,*.3=! ,=<!
B+$<./*.3=I35!*#$! C,+*# ) D@*$1E! =<!*#$! F+$$=! B,B$+!;G!'$A3HI*.3=! =1 &H.1,*$! ,=<!

%P, #$+! (+$<./*.3=19!"32,+<@!,)$,IH$@ @! (+3/$@ @' 53+!*#$! (+$<./*.3=135! %S, *#$+! ,=<!
&H.1*$EJI<.@/I@ @$<! *1*#3$!677K!%&!AEP*.=-J'B+3A.<P*#3$!?,/4-+31=<I53+1*#$!
<.@N1@@.3=M! "#$! +-11$=*! 2, @! 1,<B *#$t +$A3HI*.3=! 2, @! ?3*#! B3@ @.?H$! ,=<!
=$/3@@,+DMIN=I"#3$!<.@/I@ @.3=!35!*#.@J*#3$!=3*.3=!35! | @$,1HS@ @!/H.1,*$92% *#$+!B-
2,@!.=*+3<I1/$<M!

I %#,*1 +$I*#$!/+1/. ,H!IOI1$@*.3=@! 7843$<!35!31+!/311I=.*D!?D!@3/.$*DP!

N@!,!;+$A3HI*.3=E!?3*#B3@@.?H$!,=<!=$/$@ @, +DP!

I GIH,+-$!73<D!35!$A.<$=/$!?, @$<!3=I13$QB$+.1$=>@! @|--$@*@""#,*!, @!13<$H@!

1B+3A$!I*#$.+1B,+,1$*$+.R,*.3=@! ,=<!.=/+$, @$!*#$.+! @B, *.,H!+$@3HI*.3=J*#$! 1 3<$HS
2. HADI*3I@.1IH, *$U*#$! /1++$=*1 /H.1,*$!, @! 2$HH! ,@! *#$! 13<$HS@! @4.HH! .= B+$<./*.:
<,.HD!,=<!@$%$,@3=,H!5HI/*|,*.3=@!.1B+3AS@NH$bH. 4$H . #33<!*# *| 51*#$! @B, *.,H!
+$@3HI*.3=! 35! /H.1,*$! 13<$H@! . @ *BIB57/[$3, @$<! @3! *#,*! <$$B! /3=A$/*.AS$!

/H3I<! @D@*$1@J! 3/$,=! 3A$+5H32@! [HINB@B@DJ! ,=<! #$*$+3-$=3$31@! H,=<!
@I+5,/$! B+3/$3@@%$@! /,=! ?$! $QOBH./.*HD! +$@3HA$<I! ,=<! *#$+$53+$J! <3! =3* =$$<! *
B,+,1$*$+ . R$<I*#$!15.<$H.*DI35!/H.1,*$!13<$H@!.=!@.11H,*.=-1*#$!/|++$=*I/H.1,*$! 2. HH!
.1B+3A$P!

T321/,=12$! $=@|+$! *#,*1 .51 2$! +$BH,/$! *#$! *+ <.*.3= H! @*+,*$-D! 35! B, +,1$*$+.R.=-!
I=+$@3HAS$<! @1,HH! @/,H$! B+3/3@ @3$@! UA.R! <$$B! /3=A%/*.3=! .= *#$! *13@B#$+$
1$@3@/,H$! $<<.$@! .= *#$!3/$,=@V! ?D! +$@3HA .=-1*#3$! I=B+$<./*,?H$! @/, HS@J! *#$! +
-+32*#1 351 *#$! =#$+$=*HD! |=B+$<./*,?H$! @1,HH! @/, H$! @D@*$1@! <3$@! =3*! 3A$+2#
*#$1B+$<./*, ?H$!H, +-$9@/,H$!5H32P!

"312#,*1 $Q*$=*! . @! *#$! =3*.3=!35! | @$,1H$@@! /H.1,*$92$,*#$+! B+3?H$1! A H.<! ,=<!
|@$5IHP!

T32! //1+,*$1 11@*! @.11H,*.3=@! 35! *#$! B#D@./,H! /H.1,*$! @D @*$1! ?$! *3! WI@*.5D! *#$!
$Q*$=@.3=!35!/H.1,*$!13<$H@!*3!.=/HI<$!,<<.*.3=,HI/31BH$Q.*D!<I$!*31/#$1./H! ,=<!
?.3H3-./,HIB+3/$@ @$@P! %#,*1*.1$! = QEBFE ! 35!/3I1BH.=-1,+$!5]=<,1$=* H!*3!
*#S@D@*$1P!1%#,*! +$*#$! BB+3B+.,*$!1$*+./@!*3!$A,HI,*$!/H.1,*$!13<$SH@P!

%, *| @#3IH<I?$1*#$! BB+3,/#*31@3HA.=-1*#$!B+3?H$1P!

N*l.@! 2$HH! +$/3-=.R$<! *#,*| .58248! A3<$H@J! 5+3142# *$+ H! 23|=<,+D!
[3=<.*.3=@!53+!+$-.3=,H! 13<$H@! , + $EBIS@I =2 #,A$! +$H.,?H$! @.1IH,*.3=1 35!
BH,=$*,+D!2,A$@! ,=<!*#$! @*,*. @*./@ )35 <3 *+ *+3B./,H! @*3+1@J! ?H3/4.=-!

,=<! 3*#$+! +$-.3= H! B#$=31%$=,J! *#$! |@B85+$@3HI*.3=! +$-.3=,H! 13<$H@! *3!
<32=@/,H$! +$-.3=,H! /H.1,*$! /#,=-$! . @! OI$@*.3=,?HSM! N@! *#$+$! ,| HS@ @! OI$@*.3=,"
H*$+=* ASP! G+$! *. 1$9@H./$! $QOB$+.1$=*@! |@.=-! A$+D! #.-#! +$@3HI*.3=! U,@! #.-#!
+$-.3=,H! 13<$H@V! -H3?,H! ,*13@BR$IH@! 2.*#! @1+5,/$! ?3I=<,+D! /3=<.*.3=@!
5+31!-H3?,H!/#,=-$!$QBH=*@J'HS@ @' OIS @*3=*HB=,H!<32=@/,H.=-!

I %#,*1/,=12$!B+31. @$!*3*#3@$! 2#3!5|=<I*#$!| AS=*|+$P!

I"H#$4#%('%

%i#,*! =<I#32! @*+3=-1.@! *#$! $A.<$=/$! 53+ X@$+.31@! H.1.**.3=@X! .=! /I++$=*1/H.1,*$!
13<$H@P!

N5!*#$+$! +$! @$+.3I@!H.1.* *.3=@*=@$B#D@./,H! /H.1,*$! @D@*$1J! @#3IH<!

23! 28! < 4+$/*.=-1 1LI/#! 13+$! +$@3I+/$@2,+<@! ,HHPA. *.=-1 *#$1! $M-M! 2$**$+!



"HSHUO&'SOH (<, *B! -(-&S$! $&}O'(*+! $H#-&S! -#+! Yo, (1&/2) (+3&H,(+.! -&!
3%06"/&A('21*5!"-&I&HS -], 2,'&Y6! (Y60 /H (*+6!

I 7,1'-&1 [*81 $&,*/0'(*+! 30$$&+"/2! 0,&9! 90&! *+/21 "*1 [#3:1 ¥51 3%04"0'&$! #+9! -0%#+!
$&,*0$38&, I*$1/#3:1*510-+0&$OH . 1#-+01;30/ 0$#/! (+&$'(#:;6!

| <*8,1'-&) &4 "&B(&+3&!*5! =>21#+9] &#$/21 &55*$',18('-1 1&$2! - (.- $&,*/0' (*+1 3/(%6#'&!
(Y60/# (*+,134+5($%6!'-#1%603-1-(.-&$I$&, */0'(*+1(,1&, &+ (#/6!

| 750-&1#+ 8&$II- &I @0&, (+IHA1&1(,12&,!'-&+!8-21H#$&IB&!+¥19%(+.196*$&6!

| B*8!,'$%+.1(,1-&! &1(98+3&! -#1$& */1(+98&" 3*+1&3'(*+! (+! /#$.8C,3#/&! %*98&/,!
(18, (%"$*18&%&+ ! '*1'-&) 5*$&3#, 8! ,(%0/# (*+,D! #+01 +8&! 50+0#%&+#//2!
3-#+.8&1'-&)&55(3H321%5! 3/ (WBEO(3'(*+1#-+OI"$E&3' (*+6!

7,0, (AJ&) -4 3/(%# & %*9&,! B/ $&,"+O! %o*$&I +*+/(+&HS/2! '+ (%", &9
3/(%oH#'& 5*$3(+.F,! (+1 %*A&L(3-1 $&,*/1&! 9&&" 3*+1&3'(*+D! 3*%"#$89! 8('-"-&!
30$$&+.8+&BH (*+1¥513/(%# &1%+9&/, 6!

| <l %34, (3'&3-+(@08&, "$* 1 (& IHHI& S+ (1&! 10/ $HC(.-1$&, */0'(*+6!

| <* G&.(+#/! HI(%#&! 159&/,1 JGHI,K! +&3&, #$(/2! (%"$*1&! -&! $&IHA(/('2! *5!
$&.(+#/! 3/(%o#'&! 3-#+.&) 5*$&3#, 6! 7,1 -&$&! # +&&9! 5*$! GHI,! 8-&+! 9&&"!
3*+1&3'(*+1(, 158, */1&O! (+].FA#N 3/ (Yo# &1%*9&/, 6!

IHS% B!

| > #1(V-&IA&,' ' $H# &.2I1"$+1(9&! 055(3(&+13*0%6"0'# (*+#/1 3H"#A(/(12!* &+HA/&!

&1 98L&/ Y&+ #+Q! *&GH (*+! *51 OBHBH/I2! -(.-&S! $&,*/0'(*+! #+9! -(-&S!

306" /&4('218&#-&$D!3/(%o# &CI#+OILHS'-C,2,'&%!%*9&/ | (+1'-&!+& A IMNI 28#$, 61!
O-*0/91"H#E+8S$,-(", | A& 88 &+"-&IY*O&/(+.13* %6 %0+ (' 21#+91-&13-("P,2,'&%19&, (.+!
3%069%0+('2! A&! 5*'&$&9I! *BHBO! -&! 9&1&/*"%&+ *51 #! "&3(#()&9! Q3/(%#&!
3*06"0'&$R6!!

| >#1#$&!'-&1 30$$&+T, #0, 1 #+9! 30$$8&+'1 '$&+9,! (+1-(.-C&+! 3+0"0'(+.6! >-#'1 #$&!
RIS @0(38%6&+|5*SI88H'-8.5 -+ IRIUHTE (+.15*5!'-&1+84'19834#9&6!!

S$&! 30$$8+ "+, A2! -&) 3*%%&$3(#/! -(.-C&+I! 3406"0'(+.! 1&+9*$,! /(:&/2) *!
"$*903&!,2,'&%, I3H HAI&I*5I#O0$&, , (+.!'-* &1+&&9, 6!

| > #1H#$&!-&130$$&+'1,'#'0, 1#+9130$$&+I'$&+, | (+1"&'#, 3H#/&)  *5'8H$&6 !
B*8I3#+1"-&I8&H-&$IH#+013/(Yott &1V &/ I H: & IHO1H#+H.&1*5!"-& &I9&1&/*" Y&+ B!
S$&! ,055(3(&+ $&,*0$3&,! A&(+.! 9&I(3H&B! 9&L&/"%E&+'! *5] *5'SHSE!
&AL($H+I6&+1*1 0" *$18&HESI#+013/(V6# &1%6*9&/(+.6!!

| > 1SR -&IB0$$&+'], 0, 1#+O130$$&+ I'S&+D, | (+1. /X AH/IB&H -&$IH#+013/(YoH & %*9&/!
9&,(.+6!!

> #1#91#+38&,! (+15/0(91 92963, 19698/ (+.! (+1*'-&$! 5(&IH 18! A&E+ YHORI*$I#$&!
#+(3("H&O #+O! H18!'-&) 8&H'-&S! #BIOVoH'&) Yo* I8P LE/*"%&+' $*0", | H:&+]
HOLH+'#.81%5)'-&,&1981&/*" % &+ 6!

"HE%BI(!
|

1 HAEHIBRIOBS(+&IH!, $H'8. 215+ BI06+O&/ & LAOH (*+I#1 "+ 1#1-(8SHSI-21%51 3H/&, 1H+0!

"$*3&,,&.,6!!

| H#t+! 881 (9&+'(52! :&2! 0+3&$#(+'(&,! SHE-B-(,! "$*3&,,CAH,89! &LH/OH# (*+! (!
&, &+ (HIDIH+O1*-&$1: 8210+ 38S H(BW®B-(3-1('1(, /&, (%" *$ #+'6!!

| B*8IO*I"$*3&,, &, |(+'&. SH &I (+ X+ I*1&SH#I%6*9& ! &+, ('(1('26!!

| Ht+3/(Yott 81698, 1*$1'-&($1 3*06" -+ 8+ | (ARH/()&91#+910,8.915* 1 Q$&#-+#/2,(,RI*5!
A GSLIH (*+,) #+O1 O%& 1 (|1 (%"$*1&&LH/OH (*+,] #+9! (+,(.-',] 5*$! %*9&/!
(%"$*18%8&+',6!!

-84



HSOH! &'()*H+] 1% L O*L(H 21 3841 ,4,%,$5,6%! 3(.&5*/! 35,7$%*! &™/,3%, (4!
7(/*5+81!
9+1,%!+.11,3,*4%!%(1&*'1('7!.43(.&5*/ IS4G, (4+ $4/1 Yott*41 3(.&5*1%#*!,4,%,$5,6*/1
3(7&(4*4%!7(/*5+8!!

"R A(21 4+ $51 354/, /$%o*+ YoHSY0! ;¥ 08HI* 4%, $5! 1 (1 3$"<,4)! [*3$/$5! 35, 7$%*!
&%1,3%6$0,5,%<I=106#(3*$4>14++$1, 3*>14+(, 51 7(,+%6.*>I1$4/106#*1+96' S+ &#**21 @ (21 35412+
1,411 (%! 7(+%! *11*3%,:*5< 24 3#1 (1! Yot*+*1 3$4/ /$%6*+! A/*/1 5*$/+1 %(1 006%™
&'*1,3%, (4+8!

ASA 2+ [*1,4%1 $1 7$SAS)*$05*1 +*06! (1! 7+0%', 3+ %6#$%! $55(2! . +1 %6(1 - $4%, 1<! #(2! 2*55!
7(/*5+11,961(0+*';$%, (4$5!/$%$8!"#$%! 7+%', 3+17$&!1 (4%(135, 7$%*1+*4+,%, ;%<8
ASAI27$ISA<IT+%' 31 (A% (1$!&.. &L (124, 3#1,%!, +1/*1,4*/811

B(1241#$;41%(1%$:*1 +&*3,$5! 7*S+.*+106(15:(,/1 Yo#$ V! Yo#*| 706" 3+ Yo#t*T+¥5%+>1 '$Up#*|
UOHSAIT (45!, 7& (;7*4%>10%3(7*1%#*1%$)*%8!

B(135,7$%*1 7(/*5+! 3("*3%5<! +,7.5$%* 7$C (135, 7$%*! +,) 455+ +.3# $+1 6#*1 06 *$0%! (1!
D'3%,3!+.77*1+*$!,3%!/." 4)| EFFG8!!
@(2!7.3#1(11%6#*1/,+3*&$A3<!, +1/ X1%(1, 4#* +4%1&*/, 3%6$0,5,%<!, ++ *+1: ¥+ +17(/*5]
1¥1,3,*43,*+8l!
@(2!7.3#!,+1$%%',0.%$05*1%(1H*%* 4SBIFLESH, 4%+ 43501 (5.%, (48119410641
5$%6%*13%+*>1#(213',%,3$5!$*196#*!,4,%,$5!3(4/,%, (4+8!!

D'*| 961 35, 7$%*! +,) 485+ %6#$%! 7(ABEIBG*! *18*3%*/! % (! +,7.5$%*! 3("*3%5<!

* %41 A1 1%6H#10%+0613,'3. 7+%6$43++8!!

A$A1 241 $%%',0.9%*1 7$SC('! 35,7$%*! +,) 485+ %6(1 +8&*3,1,3! 3$.+*+>1 %ot +1 *185%,4,4)! #(2!
0oH*<I $'(++8] "HSY6! /(*+1 $0,5,%<! %(1 +,7.58%*1 , 77/, $%* &$+%6! *;*4%+! K('! (Yo#*'2,+*L]
7$81(4%(13(41,/*43%1,411.%.*18'*/ 3%, (4+8!

B(12*14#$; M1 SA1$/*- $Y6*1+%6'$%6%)<1%(1,4:+%, ) $%*I&S'ST*V6* 1 +%4+ %, %<1 417 (/*5+8!
B(12*14#$: 410641 $8.&' (&', $%6*1+%6$%, +%6,3$5! 1'$7+2(":8!!

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

@(2!/(*H1&S'ST*Y%H 1+%4+ %, %<1 7$&! (4% (17 (/*51+*4+,%.,; %<8!

M,;*41 %#+1 5$')*1 4.70%'1 (1! N(/*5! 94%* QOIRS$', +(4! P'(C*3%+! KNOPQ+L! %#$%! #$;*!
(33." 1+ (118> 1/(12*1#$;X1$41$/*- $%*INOP!+%'$%*)<8!!

O+ 0ott*] NOP! +06'$06%)<! 3(7&*#*4+, %1 *4( ) %(1 ),:*! .+ 4+ )H%! O(%H#! ,4%(! #(2!
*$5,+96,3$55<! (' .4*$5,+96,3$55<! 7(/*5+! +7.5$%* Yo 2('5/>1 $4/ 4+ )H%! 4%(!
[4(255)*1 $O(.%! #(2! 7(*5+! [, 11%1 1'(7! *$3# (%#*'>! Yo#t.+! &(,4%,4)! $%! *<!
+96'.3%.'$5!.43*%$,4%<8!!

I O+1,9619%, 741%(1+%(&!%"*$%,4)I$551 7 (/*5-+1$+1*- $5+1 419%#*I9PAAI7.5%, O7 (/*51*4+*705*8!
I @(21/(INOPQ+!5*$/1%(17(/*5!, 7&'(;*T*4%8!

!"#$#%&'%

L "#$%! ,+! %#*! +%'$%*)<! %(! *4+."*I3AHPA/! +.+%$,4*/! 7(/*5,4)! *11('%+! $4/!

3(78.%,4)1&(2% 1% %6+ 1%, +9%,4)17(/*5,4)1 344961 196#*12('5/8IR">!, +106#41+3$5*1 (1!
06H*1 3HS55+4)* +(1 58')*1 06#$%! , 41 $//, YUMHIPB( *4%! 4$%, (4551 *11('%+>1$1 181 7("*
(T8 H*4+,*>1$4/1 A% 4$%, (A$BEY 4% 1$&&. ($3#! ,+14%+/*/8]

@(2! 3$4! 2% 3(4;,43%1 )(FAT*A%+! $4/1 1.41,4)) $)*43,*+! (1! Y%oH*! 77+4+*]
*3(4(7,31:$5.41(11$41, 43*$+*/13$8$0,5,%<19%(1&'(/.3*1,41 (' 7$%, (4! (41"%),(4$5!$4/!
5(3$5!3#54)*+1$4/1:$' $%, (4H35,7$%6*>1 24, 3#1$*1 (11+.11,3,*4%!$33.' $3<1%(1*4$05*!
2*550,41('7*1/*3,+,(4+1(41$/$8&%$%, (A1$4/17,%,)$%, (41(8%, (4+1%(10*1%$:*48!!



o "H#1$%!&%%" (I'%)H&*+,(+-H&! . #/%00+! (&' - LI $2(+1 1#,)1*2#34'1-+1+(5%6 ! 7#3$!#,!
*2#34' *302! (! ., #/%0+! -&143%&0%! +2%! *+,30+3,%! (&' ,%)-+! #1! +2%! &%8+! 9:;;!
(**%**)%&+6!!

o <2(+! (,%! +2%! =%*+! *+,(+%>-% Yot lH0AAA=#, (+-#&! (&' -&+%,(0+-#&! ()#&>! +2%)!
$%(+2%,?04-)(+%! )#'%4-&>! 0#)) 3&-+BA(0#:& (4! 143-'I' @ &()-0*! 0#))3&-+@!
(&'10#).3+%,!B(&"02-.C!)(&31(0+3,%,*! +#! (02-%D%! (! )-44-#&! 1#4" -&0,%(*%! -&! +2%!
%11%0+-D%!0#).3+-&>!.#$%,!1#,104-) (+%! (& $%(+2%, ) #'%4-&>!(&'].,%'-0+-#&6!!

o <2(+!(,%! +2%! =%*+! *+ (+%>-%*PA# A 2HOH#AA (=#, (+-#&* ) #&>! %8-*+-&>! 0%&+%0,*!
(#3&'1+2%!$#,4" 1 +#!+(054%! +2%! - &+ Y AAMEU BAL | (02-% D-&>1+2-*1*+9%.102(&>%!
-&! 04-)(+%! )#'%4-&>! (&' %'-0+-#&6! <2(+! ,#4%! *2#34'! +2%! <;E:! .4(@! -&!
1(0-4-+(+-&>1+2-*6!!

o 7(*14+2%!+-)%!0#)%!1#,!1+2%!04-) (+%!)#'%4-&>10#))3&-+ @ #1!+2%! $#,4' +#1%*+(=4-*21(!
'%'-0(+%'"! *3.%,0#).3+-&>! 1(0-4-+@! (&" (! O#44(=#,(+-D%! ,%*%(,02! 1,()%$#,5! 1#,!
04-)(+%! (&' $%(+29%%04-&>! (&' .,%'-0+-#&! +2(+! -*1 =% @#&'l +2%! O(.(=-4-+@! #1! (!
*-&>4%! & (+-#&6!

|

I"#$%&'(%)$(*$)+&.&%-1./0..1(1. $

$

<-+21 +2%! %80%.+-#8&! #1! F2%)%! GA! 1{#M4$22QB*-#8* $%,%! 2%4'! -&! .4%&(,@!

*Orr &AL +206,%! $(*! (1%%. (,(+%! =,%(5#3+! > #3.1 1#,1%6(02! +2%)%H! 1 ! =,-0%1! % .#,+ #1! +2%

'FO3**-#&I-&1+2%!1=,%(5#3+!> #3.*1-*1>-D%& ! =%4#$H!

!

123433 5% %36789$38;<3=>$ ?7@<39AB$ C8<;387D$ @EB83F9$ ?9A9E?$ 7G$ =3A9238% A
@B<4A93$47C3B<FHD$?98A93H<3?$G78%$?3A4B37?$683C<@9<7FD$@BE@<AB$216792.
!

F29%)%! G! ., #D-'%"1 +29%! O#&+%8+! 1#,! +206! *3))-+1 '-*03**-#&*Al -&! +9%6,)*1 #11+2%! ,%4%D (&
4 (+9%>@!., #0%'3,%*138'%, + (5%&A!+2%6'#03) %&+*!. #'30%'Al+2%6!-'%(*'% D% 4. %'1-&1+2%
(&'1,%4%D(&+!"%D%4#.)%&+*1-&1+2%610#))3&-+@H!

|

F29%! <;E:l IKKLMGL! N+,(+%>@A! :##, - &(+ 96 D--#&! (&' 1,%'-0+-#&! #1!+2%] P(,+2!
N@*+%)!-&+,#30%'1 +2%! &#+-H#& #)RIOL6Y(+%M$SYo(+2%, ! . #=4%)Al 2->24->2+-&>!
+20014(051#11*.%0+, (41> (Al+2%!-&+-) (+%!, %04 (+-H#&*2- 1=%+$%%&I$%0(+2%, |(&'104-) (+%! (&'1+
2).4#,+(8&0%! #1! $%(+2%,! -&! +2%! -).(0+AHLHTH! O+ (44! 2->24->2+0%') +2%! ,(&>%! #1!
02(44%&>%*! +2(+! (,%! -&0,%(*-&>4@! =%-&> 1(0%'! -&! ., %'-0+-H#&A! -&043'-&>! +2%! %*#43
0#).4%8-+ @A 4%E&>+2! (&'1&3)=%, *1#11*-) 34 (+HRIB(R6Q3-, %) %68+ 1#, 1#=*%, D(+-#&(4!

(1 (&1 +2%)! &Y6%0'! +#] (*5-)-A(+00! -+! -&! +206! OH&+%68+! #1! V%4 H! | HAA(=H, (+-H#&! $-+2!
<<E:! FTOE:PR! 2(* 4%'! +#! (! <2-+%! :(.%,! '%+(-4-&>! +2%! (.., #(02! +#! +#.-0 #1!

OH)H&! -8&+%, % +A! (&1 (4*#] +#>%+2%,! $-+21 9ST:! (| O#&+,-=3+-#&! +2,#3>21 +2%! SPO!
HOYHIIF2%61)#'V04-8> 1 0, - & (+-#&!-&) 4(BIST:12(*14%" 1 +#1 (1*.%0-1-0(+-#&#1!

(1. #>,0! #1! %8.%,-)%&+(#&! ,%4(+%'! +#1 '%0(' (4! +-)%M*0(4%! . #/%0+-#E&*! #1! 04-)(+%!
02(&>%H!!

|

F2%! U(.(&%*%! %8.%,-%&0%! -&! , 3& &- 8 AU THTHA*| $-+21 Vo HA43+-H&IH#&) *0(4%*!
#11GK5)!1 2(*1 4(-"14+2%! =(*-*1 1#,1 (1 $-'%, | YpYWR+(+-H#&! (&1 (..4-G--#& #11*302! D%, @!

2-5>2M, %6 #A3+-#&))H Yo 4*HII!

!
O+I$(*IOH&0D43'%0'1+2(+!+ 2% +#0-%+(418%6%' 1#, 1 (1, YoDH#A3+-#&!-&) 04-) (+%61)#'%64-&>1-*1%D-'%
(&'142(+14+2%1%0-%&0%!$(*1-&! (1*311-0-%&+A @) (+3, %6 ++(+ %61 +#1%3. #, +1¥3021(1, % D#43+-H#&H!!
$

$

- 104



I"HSHYD &Y% 'H()*% ,-*).(#/+.% 0)*% 1#2+34#1#*5+6)1% $)7#8614% .9.+#$.:% :5851/#%
HH<HH1% *.)8=+6)1% 517% /)$(8#26+ OLHAEET <H##1% $=8+633$) 7#8% 517% =16064#7%
$)7#8614% 0*5$#<)*?>% 6..=#.% )0% (5*5$#+#*6@614% =1*#.)8A#7% ./58#.% 517% *#46)15¢
$)7#8.B%

11

B! & ('] 0! *++,*&' 1 *1)$. K01 |21 &,3$-%! 2,/ .$%-4%%$,05! "#$%! $0-+4.".]
%&/*&'1$'%!2,/1 24841 (,.'+$01! Y%6% &HIET B! 21 3*/*(&'/$8*&$,07!/'1$,0%+1 (,.'+$01!

*Ob1)'++ 1001 &A1+ 440001 [ 4$/".1¥0.: B(3+$'.19'&)"01/'V%, +48$,01%0 1 (3+'<$&6!,0!
&H#'1,0'1#40.1%0.1 (4+8&$=(,.'+%!*0.140$2$".! (,.'+$01! 01 &#'1 ,&#'/51>1 +$%&! 2! 3,%%$9+'!

[ 4'%6&$, 00014+ 19"01&* 0+ 1VHS-#1)*001+*/1'0643'/%" ' 1961*1./+2&12 /1$01/".$'08%! 211
3,00%$9+12+$(*&'1 @/".$-&$,0 @/, A'-&!3/,B$." 1A4%&19'2, /" &#12$/%&/,40.1, 21 $%-4%%$,0%5!
>061-*019'1*33/'-$*&'.19'+,) 71 06'B'/*+! 2&#'11/,43C%! (*$0! -,0-+4%$,0%! *0.1 -, 0-'/0%!
$/'-&+6!$02+4'0-".1&#'12$0*+H DA(($&! DE&*&'('0&5!

|

"1 $9%-4%9%$,0%! 2,-4%'.) 2$/%&! 0! &#'! /*2&! 3/,A-&! $01/.$'0& +$%&! *0.! -*0! 9'l
064((*/$8'.1¥%!12, ++,)%E!

|

"#1-,0-'3&! ,2! *1 3/'.$-&$,0! 3/,A"-&! )*%! 1'0'/*++6! *--'3&'.! 3/,BS.".! &#*&! $&! )*%!
40.'/%&,,.!&,1#*B'1*1%-$'0&$2$-12,- A& 19''0BS%*1".!1,01*1+,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&!)*%6! 0,&".) &#+&! &#' L'6! $01/'.$'0BIVB*(+'%6%0'%%C! )*%! ($%%$01! 2/,(1 &#'1 ./*2&!
3/,A-&!-,(3,0'08! +$%&!*0.1&#'11/,4310,&. .| &H&ESY!), 4+.1%6'B'/ &1 SO&B(*& I +$OL %! &,
&#110,)+.119%%'1 21 MN@5! D&/,01! B$')%! &&485%! (4%&! 9'l /'(".$'.1 $O! &#'l 2$0*+!
B'/%$,01)/'1'<3/'%%" . 5K&!)*9%6124/8&#/10,88##*&1*. B*0-'%I1$0!,4/140.'/%&*0.$01!, 2! &#']
+$(*&'196%8& (1%#,4+.19'1$0&' 1/*+| &R 18Yo1*-&SBS&S'%67!,0-1*1*$0140. /+$0$01 1 &#'!
B#+(S0LIBS)!, 21&#'11/,4318H#+&I&H#'13/, A'-&) (4%&IH#*B'*1%&/,0112,-4%!,01%-$'0-'5!

|

"1 (%8 '<&'0%S$B' 0.1 L'6! .$%-4%9%$,00 J#$-#1 *+96,! . ($0*&".| 3*/&! 2! &#' @+0*/6!
$%-,4/%"1-,0-10"1&H1/,+'1 2184#13/,3,96" 1) J+.1-+$(*&'1/ Yo'/ -#1 2*-$+$&6511 0'%H3$&"!
(*06!%0.1B*/$'.1$.* 06! *061 &, 1} #*&1 863", 2£3'/$(08%6!'&-1 ($1#&!9'1$SOB'%&S1*& . 71 &'/

) 06! BS/&A*++6! 40*0$(,4%! *1/" (08! &H*& AP+ S&B! Yok, A+ #+B'| &#'| -#+/*-&'[) 21 %]
0%-$'0&$2%$-1'08'/3/$%6'/*&# 1 &H*0I$-BS,0=.,($0*& .1, 0'5!"#'11/,4312'+&I&H#*&I$&! ) *%6!

&H#'1* B*0-$01!,2!,4/140."/%8&*0.$0L! &#+&!*%!-/$&$-*+5!IN,/.%! %od-#1*%1 J.'(,0%&/*&$,0C!
*0.10./*(CV'<3'/$('08%!) /") #*&I$0%3$/". 13, 3+'5!1

|

K&!)*9%! &#'1%8&/,01! - 0%'0%4%! BS$')! P &3 BA*&! 3/,1/'%%! -, 4+.1 'l /*(*&$-*++6!

& 196! 2,-4%$01! 01 '<3/$(08&%! &H*&I*/1 &),! /1 (/1 1'0'/+&S$, 00! *#*.1 2!

0*&$,0%+! '22,/&%! *0.! &H*&) ($1#&! $0.$-*&1 8t (,%8&! %4--'%%24+] 2484[ (,.'+!
'B'+,3('0&).$/'-&$,061%¢#, 4+ 19'5I"# )% %61)$.'=/*01S0LI*1/" (‘08I &H*&I/'Yo'*-#1%&.

&H#'! 2-$+$&6! Y#,A+.! 2,-4%! 0! - (3+(08*/6! *-&$BSES%! &H*&! %433,/&! '<$%&$01!
0*&$,0%+:/'1$,0%+1'22 /&6 IBHR#! -*00,&! 9'1-*//$'.! 4&! 96!$0.$B$.4*+!-'0&'/%! FYod-#!

*0p! &' 1/%0.1 -#*++01' F./*(1 %$(4+*&$,0%! F'51571 4+&/*=#$1#! V6, +4&$,07! 40-/&*$0&67!
$0-/*00" I- (3+'<$&BI1/*&H# 1 &#*0V/ 4&SBL, . 4-8$,0!, 21-+$(*&'131.$-&$,0%5 K& 061 2'+&!
EH*&I&HU'1LS0.%! 21'<3/$(08%06!), 4+ 1 V& &(W6-$'0&$2$-BOHO, +,1$-++1* B*0-'%!

&#/ A1#, 481 &#'1 - ((A0$&6!*0.1 +*6! &#'12,40.%&$,01 2,/1 2484/ 3/ $-&$,01'22,/18&%7! A4%&!
+SL'I&H1PA(*01Q0,(1 @/, A'-&! +*$.1&#'12,40.48$,01 2,/ '%"*/-#1$0&, ! (*06! 9/*0-#'%!
21(.$-$0'18#*&1*¥22'-&I1#4(*0L$0.1&, . *65!!

-11-!



|

"H#3%SB! &'(1 )$*$%'+! )%$F,$r-1 #-1 | [# #O)#$Y! %S(1+.-01* 12! -#$! '31%! ,145+!

/1,51%%*-(1 6'-, 1(5#$%$7! 1/$*7! +*481 0(! 'l 2.*4' $*-'+! 5%%$%$9.0(0-$! 21%! 'l ,1%$!

%$'+0(-0/! %$5%$($*-'-01*! 12! -#$! /+0,"-$! (:(-$,! *4! ,1%3$! %$+$;*-! 5%$40/-01*(! 6$<)<7!
=-%3$,$(71/1*;$/-01*71-%150/'+!;'%E'2W4H) 01+ +!"*41+1/'+1'55+0/'-01*(8<!

|

?2%:15$15+$!1 2$+-1-#'-10,5%1;0%)!-#$!>'(0/11 45+ 5#:(0/(1 (#1.+41>$!'" @$:15'%-1121"*:1

5%151('+! &H#$S-#$%! -#%1.)# 0*(50%$4! 4$;$+15,$*-7! ,./# #OWH$S%! %$(1+.-01*(! 1%

(-1/# (-0 11%/$5-(<! A-1 &'(1*1-$41 ($;$%'+! -0,$(1 -#-1 ,*:1 121 -#$! *-01%'+! $221%-(! -1

0*/+.40%)! ,1%$! (15#0(-0/'-$4! ,14$+! /151*$*-(! 6$<)<7! -, 1(5#$%0/! /#$,0(-%:! *4!

'$%1(1+(8!'%$! /.%%$*-+:! ($;$%$+:! +0,0-$41 >:1 -#3$! 511%! %$5%$($*--01*! 12! (1,$! 12! -#$!

*43%+:0%)! 5#:(0/'+! 5%1/$((B(! 6$<)<7! /LOBIT7! [+1.4(8<! A-l &'(! *1-$4! -#'-! -#$!

B%13%$/-C(! '/-0;0-08$(! ,.(-! (.551%-! 'l %'504! 0,5%1:$,$*-! 12! -#$($! %$5%$($*-'-01*(! 02!

5%1)%$((!0*1/+0,"-$!5%$40/-01*10(1-1!>$!,'4$<!

|

"#$1$=/0-$,$*-1121'44%3$((0%)!) 114! (/O$H 9.$(-01*(7104$*-02:0%)!*41 -/ @+0*)! D% 1'4!
>+1/@(E7! 0*15'%-! -#%1.)#! -#$! 1551 YEIOLAMSA! >:1 "1 *$&! (.5$%F2'/0+0-:1 &'(1 ™!
$(($*-0'+15'%-1121":1$*4$1%7 41 1*$1-11>$I5%$($%;$41*41% %- % $A!*1-1+$'(-1 21%! -#$!
$%))$,$*-1 121 -#$! 1.4 (J0$*-0(-(! & #1! ,0)#-! 1-#$%&0($! ($$! ,14$+0%)! (!
*--9%'/-0;$<!!

|

"#$!>($*/$! 12! (1,$! @$:! /1,,.40-0$(! 0*1 -#$! 40(/.((01*! 6$<)<! /%:1(5#$%$7! +*4!
(.92'/$81&'(1*1-$4<IA-1&'(1$*;0() B4l -#- 1B 1 21-#$">($*-1/1,,.*0-0$(1 &1.+41#";$!

#$0%! 1&*! ($-! 12! 51((0>+$! DA%$',E! 1%! DA$,1*(-%'-01*E! $=5$%0,$*-(! -1! //$+$%'-$!
5%1)%%$((! 0*! -#$0%! %$(5$/-0;$! '%$'(1 12! %$($'%/#<! G18&$;$%! -#$!)%1.5! 40(/.((01*(1/1.+4!
*1-1/1%(04$%! 0*1'*:1 4$-'0+! &#t'-| -#S(SIHS%0, $*-(! (#1.+4! >$! 0*1 -#$! *1*F'-, 1(5#$%0/!
/1,51%$*-(1121-#$1/+0,-$!(:(- $,<!"#O(1&'(1.*21%-.*-$<!!

|

"#$%P! &'(! ! 0*-$%$(-0%)! 02! 0%/1*/+HOA0(/.((01*! 1*1 #1&! 1*$! &1.+4! ,$'(.%$!

(NI$((1 12!-#$!15%13$/-1 41 -#$!1 2'/0+0-:<! GS&BO-1&'(1.*'*0,1.(+:1'*-0/05'-$4! -#'-1
$%0:1#0)#FY%S(1+.-01*! (- 40$(1& L. +41(.>(-*-0"++:10,5%1;$!-#$!5%$40/-01*1 121 -#$!-%150/'+!
[+0,'-$!"*410-(1;'%0">0+0-:<! A2! -%.$7! -#$! /1*($9.$*/$(! 21%! 5%$40/-01*( 21%! (1,$! 12! -#$!
(-1 515.+-$4! *41 :$-1 511%$(-! '%$'(! 12! $#)+1>$! &1.+4! 4%’ '-0/'++:10,5%1;$7! "I
510*-1(-%1*)+:1$,5#' (OH$410*1-#$140(/.((01*(<!!

|

"#$1)%1.5!+(L140(/. (($41*/0++%:1,'--$% (! (/4 (I!

J8 K1;$%**/$!F1/1%/+.40%) -#'-1'-1 +$' (-1 5'%6+1 2! -#$! 5%13%$/-1*41 0%15'%-0/. +'%! -#$!
2'/0+0-1! (#1.+41 0%:1+:$! "*1'/-0;$! /1,51%$*-1 121 5%151(+F>'($4! %'-#$%! -#*1
$=$/.-0;$F4%0;$*1%$($'%6/#!

L8 "#$10,5+0/-01*(1 12!-#$!MB%13$/-Cl 1*1:1.%)! (JO$*-0(-(I"*41-#$! (.55+:1 121 $=5$%- !
(-'221 F1/1%/+.40%)1 -#'-1-#0(1&'(1'1 40220/ . +-1"+41 4$+0/'-$! 0((.$! $(5$/0'++:1 0*1 -#$!
21%,'-0;$!:$'%(1121":1*$&10%0-0"-0;$! (/#!'(1&'(1>$0%)15%151 ($4<!

N8 "#$IS(($*-0"+1>+*/$I*$$4$41>$-&$S*! *:1"%' | @1J1(.5$%/1,5.-$%!2'/0+0-:1"*4
HSI4'-'1'%/#0;0%) 71%68%/6+'41:0(.'+OH'-01*<!

|

A*L(.,,'%:1-#$1)%1.5! (&!-#$1 21++1&0%)!'(10-(IM;0(01*C!-#'-1 (1. +41>$! (.>(/%0>$4! >:!
#$10--$,$*-11

|

D "115%1;04$!"9.%-. 1 +$'5! 0% -#$! $=51%"-01*1 12! -#$! +0,0-(! 0*! 1.%! '>0+0-:1-1!
0%6$+0">+:15%$40/-1/$0%41-11(.551%-1-#$1*$$4(112! (1/0$-:1-1!,' @$!4$/0(01*(<!
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"#$5#% &% HO)*% -¥).(H#+.% 0)*% [1¥#2+% "34"5#26% /)$(1+#*% .7.+#$.% 826%
3$(93/8+3)2.960)*%6$)64#9%/)6#%6#.342:%
|

"#$1%&"&()*+!,&-)./1($0P! #$1%&. 1/1%&0! #$!"#$2$34!5)/.1//)&*6!!
|
78 90&/-%.,/'%&0#)+#3$*5!.&2-1,)*+!#:05(:0$)*!, #$!*$;,!5%.:5%!
'8 <&*=$*)&*'/>/,$2/':*)).)-1,$5!%0&2!.&223$0.):"1=$*5&0/!
?8 9&,%*,):"1%&0!#:05(:0$!.1/,&2) @:,)&*1%&0!.")2:,$!/)21": ) &*!
A8 90&/-%$.,'%&0!-$,:/.:'$!/1&%, (:0$!
8 B>/,$23'$=%"1/&%,(:0$!C.&2-)'$0/D!$,.8E!
?8 F0:2$(&0G/!
48 90&/-3.,/1%&0!$=&'=)*+1.")2:,$12&5%$'158/)+*!!
8 H**&=:)=$! *12%$0).:"" 2$#&5/' C:5:-))=$! 2$/#! 0$%)*$2%*,D! +0)5/!
0,#&1,')*+1"0),)$/D!$,.8E!
?28 [>*:2).1'&:51?:" % )*+!
|
"#315).LINE&* (:/1:5=)/$5! ?2>! #$!-08/$*,: ))&/ +)=F$*1510)*+! #$! "#$2$34!-'$*:.0>!
I$/IN&*8F)+8! 71 [#&(/1:*1$/,)2:,$5! 0%":,) &*/#)-1 2$,($$*! -$:G! .&2-1,:,)&*! 0:,$/! &*!
"0+$! /1-$0.&2-1,$0/! :*5! #3$! +0)5! )@$/! )*! .)2:,$! 2&5%$/! #:,! .&1'5! ?$! 1/$5D!
MI12)*+1D #) L 2)%)2120 #OS/H&'S! |)2$3,&3/&'1,)&*! )/ . #)$=$58! [10)*+! #$!
5)/.1/N&*D! #$! .&*.$0*! :2&1,' #&(! ,&! (&0G! (), #! $;:?7>,$/! &%! 5:,:1 (:/1 0:)/$58! "#$!
%&"&()*+!/122:0)@%/! #$!5)/.1/)&*)*1 $: #!.:,$+&0>6!/,0:,$+>D!#:05(:08D!/&%,(:0$D!
2&5%'/D!:*515:,: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, OmissionO
organization, ambition.

I Climate prediction requires dedicatéatilities, particularly if there will be a
service component (delivering products,national weather services perform.

I The target should be 100-1000 simulatkys per wallclock day for whatever
resolution model is used.

I The goal is to produce qualitatively better solutions.

I 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 seéftre engineers, model developers
and tool builders.

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

I There needs to be a process to enbalance among all components, especially
between computing and t@damanagement 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.

I For both high-end computing and datanagement, 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

"HEU&HS! ()*+,)*$!-()-1.)/101223*-1 *F)*.(! 3/! +$4$#32&/5! 63+$#0! ,&-(1 61.(!

(&5($*172*3.$008*$03#4&/59!*$03#1-&3/!&0!/$$+$+:!!

B+3*0! 1**$/-#<! +$#H&AD*! 6).(&/$0! 3'-)&/&/5! ) 5&4%/! 2$*=3*6)/.$! 3/!

'$/.(6)*>0! 7$:5:! 2@ABCDE9! -()-! +3B-! *$=#$.-1 -($! #&>$#<! 2$*=3*6)/.$! =3*!

A**$/-1)/+1=1-1*$].#&6)-$!163+$#0: IF3*$)#&0-&.1'$/.(6)*>0!0(31#+!'$! 10$+!=3*!

)N +$+8&.)-$+! #8&6)-$! 63+$#&/5! 2#)-=3*6:! G3,$4$*H! &-! &0! &623*-)/-1 -3!/3-$! -()-!

'$/.(6)*>&/5! /$,! )*.(&$.-1*$0! ,&-(! 3#+! .3+30! &O! /3-! /$.$00)*&#<! )! 533+!

)22*3).(:!!

[($*$!)*$!161#-&2#$!&001$0!*$#)-$+!-31-($!1.30-1)/+123,$*1*$J1&*$6$/-0!=3*1)16 1 #-&8

2$-)8=#32!.#&6)-$!.3621-$*:!1($!.3/0$/01$%2*$00$+!'<!-($!4$/+3*0!,)0!-()-1)/!

K3==! -($! O($#=L! 012%$*.3621-$*! ,31#+! '$! 63*$! -()/! 01==&.&%/-! =3* -($!

.3661/&-<M0!/$$+0:!

G3$-$*35%/$310! 7$:5H! 0.)#)*N4$.-3*9! )*.(&-$.-1*$0! 6)<! '$!)! ,3*>)'#$! 03#1-&3/H!

)E-(315(1-($!()*+,)*$!.30-16)<!"$! (& 5($*!)/+!-($!2*35*)66&/5!63+$#!6)<!'$!

63*$!+&==&.1#-:!

D3/0$/010!3=!-($!J1$0-&3/!13=!1.10-36&0O3&3A20!)/+N3*!0<0-$6!)*.(&-$.-1*$0P!!
1($!10$!3=1023$.&)#!=#3)-&/5!23&/-15)-$!)**)<0! 7"BQCI! 2*3.$003*0!-3!)..$#$*)-$!
2)*-013=163+$#0! .31#+!'$!)/1)*$)! 3B$*&6$/-)-&3/H! $:5:H! 02)*0$! 6)-*&%! )/+!
61#-&5*&+! 03#4$*0! )*$! .3+$+! $==&.&$/-#<! 3/! .$##! 2*3.$003*0! )/+! )..$#$*)-3*0!
)H#*$)+<:!
1($!10$!3=12*3")'&#&0-&.!.(&20!/3,! &/ +$4$#326$/-! .31#+!'$!)! 2300&'&#&-<!=3*!
&/-*3+1.&/5!0-3.()0-&.12*3.$00$BEI3+$#0!)- . (&2!1#$4$#:1!
CI*)+&.)#1/$,1+$0&5/!")0$+!3/1.$##12(3/$! £2!-$. (/3#35<!.31#+!'$!3=1&/-$*$0-!
=3* #&6)-$! 63+$#&/5! R! +$4$#326%/-! 3=! -(&0! &+3)! ,31#+! #&>$#<! *$J1&*$! 34$*!
STUU!6&##&3/!
I($! 2*3'#$6! ,&-(! -)&#3*&/5! )! 02$.&=&.! 6).(&/$! =3*1 )! 2)*-&.1#)*! .#)00! 3=!
)#53*&-(6! &0! -()-! &-! #&6&-0! -($! ) &H#EO$! -B$! 6).(&/$! =3*! 2300&'#$! =1-1*$!
63+$#0!)/+1/16$*&.)#!16$-(3+0:!!
1($!.3/0$/010!,)0!-()-!-(&0!0(31#+!/3-1'$!$62()0&O$+H!'$.) 10$! 6$63*<! 2$*!
2*3.$003*!)/+102$$+!3=1.3661/&.)-&3/0!0,&-.(!)*$! .*&-&.)#! $#$6$/-0H!'$.) 10!
(P! +3$4$#326%/-! .30-! &0! 4$*<! (&5(H!)/+!'$.)10$! . 1**$/-#<82#)//$+! 6).(&/$0!
'$&/5! +$#H&AS*$+! )*! #&>BH<! -3 'SBYBP&E3*! #&6)-$! 2*$+&.-&3/! &/! /$)*!
=1-1*$:1G3,$4$*H!'$.) 109! 6 &##&3/8.3*$!6).(&/P0! ) *$1 #&>P#<!-3I'$!1 4 $* <1 +&==F*$/-!
=*36!-3+)<M0!.3621-$*0! 7,&-(' FB@! 3*! V2$/FB! 2*35*)66&/5! 63+$#09H! - ($*$!
0(31#+!'$1036$!&/4$0-6$/-&/&O+&*$.-&3/1=3*1#3/5$*!-$*6:!
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"H#$%8&()!
|

I %0l + - 4./ #$! O#()! 1#(! $)&)(23! ,%! /! )45)0%)6! %7'%! .)&! &'8/! #$!)45()//,.9!
0#.0:(().08! :#%7! $#(! 7'(6&'()! )-)+).%/ | '.61 $#(! +#6)-!1 0#+5#.).%/! &,--1 2)!
0<:,06=! >7)01'0! -.9:79) 1 #.L TH(, 24! 1)=9=1>,%".,:+2! %7'%! +'8! /,+5-,$8!
S 0-'%, .91 %#! 5'('--)- /+3! &)'@! A/=! % (#.9! /0'-,.931".6! +)+#(8B+)+#(8C
.6&,6%7!,//})/=!

LST)O! T (0<,04).%! $#( +#()! ,.%)--,9).%! $"-%CY%H#-)(.%! +)%T#6/! & %7!
+1/,A)-81+:-%,CO#()!/8/%)+/=!D7)0@5%,.9!%#!16,/@!&,--1:)0#+)!, +5('0%,0'-=!

I E%!+'81)I5#//,;-)1%#1-)' (1$(#+1%7)10#++:., %8F/I5()A #/1)45)(,).0),.1+'@,.9!
%7)! %("./,%,#.1 $(#+! "I A)O%H(! SHO(O! +#6)-! %#! | 5'(--)-1 5(HI(++,.9!
+#6)-=1 E%! +'81 '-/#1 ;)1 '6A./)6! %i#! -)AD)! %7)!)45)(,).0)! #$! %7)! ()/%! #$! %7)!
5)%'/0"-)10#++:.,%8=!

L ST)('%,# #S! $-#%,.9! 5#, %! 0#+5:%'084 Dot +)+#(8107'.9)/!6)5).6,.91 £.!

0%7)! [#-A)(! )+5-#8)63! )=9=! -9):(,0! +:-%,C9(,6=! >7)! [#(%/! #$! /#-A)(/! '.6!
LOH(,%T+/!,.1:))I$H(10-, +'%)1+#6)-,.91#A)(1.)4%!$)&!8)'(/1+'8!07".9)=!

|

G#6)-/!

|

L S7))'O'%+#/57)(,0!HDG/10:(().%-8!,.1:/) %I @+ ()/#-:%, #.1%7'%!0".1(;.'%!
K3JJJ1%, +)/1$196) (1%7".1()'-1%, +)=IG#6)-/1& % 7 LI @+ ()/#-:%,#.I'()!&,%7,.1()'07!
&,%7,.1.)4%!%7())!8)' (/1#(1/#=1>7)!68.0'-10#() #$!D*G!/0"-)/1)45)(,+).%'--8!
%#1KJII3III0#()/=!

| H4)1#0) . 10#6)/1&4.F%!/0™-) %#1 7,97 1H:971-)A)-/1#$!5'(--)-,/+315'(%,0:-'(-8!
6:)1%6H#1%07) /%, #.1"-O#(, Yo T+ SH#(1%7)!: (H%(#5,01+#6)=!

I >7)1 O++:.,%8! [7#:-6! [%(,A)! $#(! 9-#;-1 #.C786(#/%'%,03! 0-#:6! 1#(! 0-#:6!
181%)+21 ()/#-A, .91 +#6)-/#$1 % 7) " Y%o+#/TJ)1&, %71 0#+5'(-) O/#-:%,#.1,.1%7)!
#0)'.2=1>7 /1 /! #%!- @)-8!%#!;)!'%%',.)6! &,%7,.1%7)!.)4%! $,A)! 8) (/='E.0()+).%"!
5(#9()//1,/1.))6)6!%#! &H#(@!Y%6#& ' (6!%7' %! O#'-=!

L ST)OV/LHB)S,., %,A)6)+/%('%,#.1%7'%! (J/#-A,.910-#:6/1#(10-#:61/8/%) +/1&,--!
6)$,.,%)-8! -)'6! %#! :)%%)(! O-,+'%)! 5()6,0%,#./3! /#! ' 6)+#./%('%,#.! 5HM)0%! /!
))6)631,=)=31"(;.1+'6)'%l+:07 Y/ T#(%)(1%,+)/1%7".10-,+'%)107".9)!/,+:-'%6 #.=*
A)(8!15)(7'5/ #A)(-821'+;,% #:/ %'(9)%! $#(! O-,+'%)! +#6)-,.910".! 7)-5! 0'5%:()!
5)#5-)F/1,+'9,.'% #./".61+'@)! 5#I()/N,.1%7,/'6,()0%,#.=!

L E%! /1 #%! 0-)'(! %7'%! %7)! +#/%! BE(HH(O'.,2'% #."-| +#6)-1 #.)! .| &7,07!
10,).%, /%] &(,%)! %7)! 0#6)!N!'1.)&! O, .64906+5:%, 9P +#6)-1+'81.))6! %#!;)!
'64#5%)6=!!

|

L *14+#6)-/1 ()07 @,-#+)%)(CI0'-)! )/#-: %,#./31%7)81 &,--19).)('%)! R17:.6()6/| #S$!
)4 896)/21H$1#:%5:%616'%'=!

I ST)#%5:%!&,--1-,@)-8!:)!6,/1%(,;:%)6! N! /%#()6! '%! ,.6,A,6:"-1 +#6)-,.910).%) (/! N!
' 61 967! +)%'6'%'1 &,--1 ;)1 0).%('-,2)6=! 7,/ /! #%! %7)! 0:(().%! +#6)-! #$! 6'%'!
+9)4).9%6!, 1)) I$#(104#++:.,%810-,+'%) 1 +#6)-,.9=!1

L >7)()1/1.))61%#10#.1,6)(1'--1'/5)0%/1#$16'%'1+.'9)+).%!".61'//)//+).%S!16'%!
'(07,A)/316'%'! 1%#()6! #.1 "%, A)! 9(,6/3! 0. %)/%! /:,%)/3! (/%' (%! 6'%'l 'A)/3!

' 61967)1:/)1#$17,97C5)($#(+'.0)10#+5:%,.917'(6&' ()| $#(16'%'!".-8/,/=!

I Q! +,.,.9! 18)'%:()! 6)%)0%,#.! )%0=23! &7,07! /! %#6'8! "1 )/#%)(,0! ()/)'(07!

B(#;-)+31+'81:)0#+)1'.)0)//, %81 %# &#H(@'&,%71)4':8%)16'%6 | A#-:+)/=1" + -'(-83!
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"#$%3!
7,4+'1,8"/-9'-,&" /-1
;33%44,),1,"(1"'6" ) (1" &+3#11'%5$%R/2+1™,/-1<)$(/-6!&/6$  1$%4!'-6!31,&"'$!
43,$-",4"4=1&'(1)$!2%/)1$&™",3!8%$!6"13"-1)$!&,4+4$6!7$%(1$'4,1(:!

&(!

I

%$*+,%$&$-"!

1%!

1-0"#$0.1(!

2%/3%$44,-5!

Computing Capability &
Model Grid Size (km)

'-6!

0 - Atmospheric General Circulation Model (AGCM; 100 levels)
1 - Coupled Ocean-Atmosphere-Land Model (CGCM; ~ 2X

AGCM computation with 100-level OGCM)
2 - Earth System Model {with biogeochemical cycles) (ESM; ~
2X CGCM computation)

or climate codes, so the last 3 columns require getting 3
orders of magnitude in scalable parallelization (scalar
processors assumed; vector processors would have lower

processor counts)

Peak Rate: | 10 TFLOPS 100 TFLOPS 1 PFLOPS | 10 PFLOPS | 100 PFLOPS
Cores 1,400 12,000 80-100,000 300-800,000 6,000,0007?
(2006) (2008) (2009) (2011) (20xx?)
0.
Global NWP": 18-29 8.5-14 4.0-6.3 1.8-29 0.85-14
5-10 days/hr
Seasonal':
17 - 28 8.0-13 3.7-59 1.7-2.8 0.80-1.3
50-100 days/day
1.
Dieeadal’s 57 - 91 27 - 42 12-20 5.7-91 2.7-4.2
5-10 yrs/day
Climate Change?: sz 2
120 - 200 57 - 91 27 - 42 12-20 57-9.1
20-50 yrs/day
Range: Assumed efficiency of 10-40% * Core counts above O(10%) are unprecedented for weather

Thanks to Jim Abeles (IBM)

> 5+%%!?:1;-1$4",&"$@!)'4$6!/-1"#$!2$%./%&'-3$!/.I"#$!AB>1""&/42#$%, 3! &/6$1@!/ !
"#$!5%,6!4,83!<C&=!"#"13/+16!)$!+4$6!""17'%,/+4!3/&2+"",/-'113'2"),1,"(11$7$14!./%)!
2%/)1$&41%'-5,-5!.%/&!-+&$%,3'1!D$"#$%!2%$6,3",/-I<EAF=I"/131,&™$!3#'-53!
2%/G$3" /- 11&,-, &+&!"#%$A#/16!/.1",&$0"/04/1+" /-1, 41'44+&$6! - 1$'3#!3"$5/%(:!
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"#$#% &% "#()*4% ,-+*.+#/0#1% 2)*% $)3#4% #5.46.+0)78% $)3#407/% #I(#*0$#7+18% .73%
070+0.40:.+0)7% 2)*% (*#30;+0)7% )2% +"#% ;)6(4#3% );#.7<4.73<.+3$)1("#*#% ;403.+#%
1=1+#%$>%

|
"HSI"HS%S!I&! ()*+)) ()., +)$ - #S!.,00,1(-2!/,3(*)4!
|

| 56,%$))789)$'1%,'$0!$:90+9/(,-!

I :9/919))(%(09/(,-<!9-90=)()<!9-"(-(/(90(>9/(,-!

L i$/$*/(,-19-19//6(8+/(,-),.1*0(%9/$!$:$-/)!

I 2%$/6(*)!

| @-)$%80%)!

|

"#$1 26,+3! /6($" (- 396/(*+096! /,! ($-/(.=! (0)+$)! L(H#(-! $9*#! /,3(*! /49! 6$A+(6S'!

* 063+/(-2 6$),+6%$)! )(2-(.(*9-/0=! 8%=,-"1 1#9/! ()! *+66$-/0=! 9:9(0980$B! C-! /#S$!
,00,1(-2<! /#$)$! ()+$)! 96$! *#969*/$6(>$'! 9)! 269-'| D*,%3+/9/(,-90E! *#900$-2$)! 9-'1
%96F$'8,0'B!

|

56,*$))789)$'1%,'$01$:90+9/(-!
|

@:90+9/(,-! ,.1%,'$01)$-)(/(:(/($)! J#,+0't ,*+6! - /1 -0=1 929(-)/! G.96!",1-)/6$9%H!
:96(980%)<! 8+/! 90),! 929(-)/! (-/$6%3$'(9/$! 36,*$))$)! 9-'1 A+0-/(/($)B! 1,6! $J9%30$<! /#S$!
$..$%/)!,.1:96=(-21 *0,+'1 )*#$ %$! 3969%$/$6)! )#,+0'! @BOO+9/$'! -, /1 ,-0=! 929(-)/!
20,8907)*90$!)9/$00(/$!'9/9<!8+/190),19REIA(! F-, 1-198,+/189)(*1*0,+'136,*$))$)B!

"#$1 26,+3! *09))(.($'! 9)! 269-' *#900$-23)FH($-/(.(*9/(,-! ,.! 6$0$:9-/! 36,*$))$)<!
TH( 6$SA+H(6S)! )(2-(.(*9-/0=! $-#9-*$'1 %, 'B! 63),0+/(,-<! 9-' #(2#76$),0+/(,-! %,'$0!
$J3$6(%$-/)! .,6! '$:$0,3(-219-"1 /$)/(-2! 3969%$/$6(>9/(,-)B! K/#$6! ())+$)! 96! /#$!
(-*0+)(,-1,.1%, 65! /#0-1, *$9-19-19/%,)3HSES<! H#S! ($-/(.(*0/(,-1,.I'9/91 6$A+(6$%S$-/)!
(F0+ (21 H$I+-*$6/9(-/($)!,.1'9/9)$/)<19-1(-.69)/6+*/+6$! .,6!%,'$07'9/91*, %6396 (),-)<!
O-'1/HS!I$)/(-2! . JHSI #=3 JH#$) () /#9/1)$9),-907/, 7(-/$69--+90! 36$'(*/(,-! () +)$.+0! (-!
$:90+9/(-21)#,6/$67/(%3$)*90$!36,*$))$)!, *+66(-2!(-1*0(%9/$!%, $0)B!!

|

:9/919))(%6(09/( ,-<19-90=)()<!9-'1(-(/(90(>9/(-!
|

K-$! 269-'1 *#900$-2%! (‘$-/(.((-! '9/91 9))(%(09/(,-! ! /#$! (-(/(90(>9/(,-! ,.! *,+303!
%,'$0)! .,6! *0(%9/$! 36$' (A< L#(*#! ()! -$*$))96=! /. ,8/9(-! 3#=)(*90! * -)()/$-*=!
9%6,)) /45! * +30$'1 36$'(*/(,- %, $0! 8+/1 :$6=I(..(*+0/1 , 1(-2!/,! #$! :9)/0="(..$6$-/!
1(%$! 1*90$)! #9/! %+)/!1 8$1)39--$'B! "#$! 36$)$-*$! ,.1.9)/136,*$))$)! 9-'1 /4$! 0(%(/)! /!
36$'(*/98(0(/=! (-#$6$-/! (-! I4$)$! )#,6/! /(9FHO0S$)! (%30=! /#9/1)$*,-'7,6'$6! )/9/()/(*)!
%+)/1 8319))(%(09/$'B! K/#$6! 269-'1*#900$-2$)! (-:,0:$!,8)$6:(-21)=)/$%! $I3$6(%S$-/)<!
6SA+(6$'/,!'$:$0,3! 69/(,-901 )/69/$2($)! ' BA-(-2! /45! %,)/! $..$*/(:$! 9-1$..(*($-/!

'0/9! 6SA+(6$%S$-/)L! 6S+/(,-1 9-'<! (! 6SBBE! *,66$*/(,-! ,.! %,'$0! 8(9)! (-*0+'(-2!
'$90(-2! 1(/#! %,'$0! 8(9)! (-1 9))(%(09/(,-L! 9-1 /45! )3$*(.(*9/(,-! ,.! %,'$0! $66,6!

* :96(9-*$B! K/#$6! ())+$)! *,%36()$! /48! 36,:0(,-! ,.! 6$9-90=)()! '9/9)$/)! .,6! %,'$0!
$:90+9/(,-L! (%36,:$%S$-/)! (-! 143! (-(/(90(6Y ,.! I#$! *$9-1 *,%3,-$-/1 ,.! * +30$"
,6$*0)/1%,'SO)L! %9F(-2! (-6,9")! (-/,! I#$! (-(/(90(>9/(,-! ,.! /#$! *6=,)3#$6$! D)$I! (*$<!
)-,1E! 9-1 09-'1 }+6.9*$! D:$2$/9/(,-<! #="6,0,2=E! *%3,-$-/)! ,.! *0(%9/$! .,6$*9)/!

%, $0)B!

|

|

|
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"HEHYS&! (1) (<) $S+&,-$&(I".1%/&0) SHIH1#($2!
|

"1 %/&0)$H#! 0*#/2! %'++#%$/3! 2&0-/)$#! 0)4'+! %/&0)$#! 2&5()/2! 2-%6! )2! $6#! +#$+#)$! !
7+%$8%! 2-00#+! 2#)! &%#! *-+&(5!899:;! <.| $6#+#!1 &2!)1 *&2%+#=)(%3! #S>## (1", 24+ 1#*1) (*!
28&0-/)$#*! #6)1&'-+216">10-%6! &2!*-#1$'| & (6#+#($! =+#*&%$),&/8$3 &22-#2! 1#+2-210"*#/!
“#.&%&H(%&H#2;! | @)(! >H#! )$S+&,-$#! 0)4'+! %/&0)$#! 2&5()/2! $'1 2=#%E&.&%! %)-2#2?! $6-
#A=/)&(&(5!6">1$6#3!)+2#;11B">I*#21),&/&$3!$'1 2&0-/)$#! &00#*&) $#!=) 25 #1#($2!0)=!

(519" (& (YR &(1.-S-+# =+#*&%$&'(2; BEER) -$&'(!".!", 2#+ 1#*1 9%/& 0)$#! 2&5()/2! &2!

%+-%&)/! (‘! (/3! .'+! 2%&IBB& - (*#+23)(*&(5! =#+! 24?1 -$1)/2' '+! $6#! ='/&$&%)/! )(*!
='1&%3!*#,)$#721)21%0) (1 %/#) +/3! #1*#0' (2BH)P $6#!#A)0=/#!".1$6#! 26 +&(D&(5! 7+%$&%%0!
2-00#+12#)| &YHE | F#!) 21 $6#1 29%08#($&.8&%0!%'00-(&$3!.)%#!) 1 2#+&'-21 %+8&28&2!" | Yo+ #*&, &/ &S:
&(1$6#1%'0&(5!3#)+221 7+%$&%! 2-00#+! 2#) | &%o#!>&// #10-%6!0'+#!),-(*)($!$6) (1 &(1899:!
Y*1>#1%) (($HA=/)&(1>63G!!

|

H-+) (M196)/[#(5#21)+&2#1 + 01$6#1 24)+ %061 ' +1=-+ A&D)$H#196)- 221" 196/80)$#1 2&5()/ 271> 6t+#!
$6#10#$6™/'531 . +'=#+)$&'()/1)$$+&,-$& (| RUH2H) +%66! |-#2$&' (1 $6#! (#)+K+#)/1 $&O#!
)$$+&,-$&'(I".126+$K$#+01%/80) SH HAKBAW)/#1".10'($62MI1) (*1$641 &0=/&%) & (1.
)$$+&,-$&' (1. +1$6#11-)/8&$3! .1 =H#+)$& ()/1%/&0) SHI=+#* 8% $&' (GIN-+$6#++#2H)+%6!$'=8%62!) +
$6#! +HS+ 2=HY%SE1H )$S+E&,-$&' (1| VA/RBEBENE! %6/&0)$H! #1#($2! *-+&(5! $6#!/)2%!

099! 3#)+2721 )(*1 $6#! %'(H%S&' (! HE>HEBHR,-$&'(1 )(*] =+HHBW/&S3! )(*1 0"#/!

=#+.'+0)(%#G!

|

P#$+8%2!

|

71(-0 41" 100+ &$H+8)! SHHH 2=HY0& . &H*) k&SB! - 24~/ OHS+8Y02! . +1) 22422851 0"*#!

1-)/&$3G! 7(31 0#$+&%%! 26'-1*16) 1#1*82%+&BE Y J1 >H#10-2$1*8 258 (5-8:26!  #E>##(!
00-28'0+K*H . &(#*) OH#S+8962! )(*! 0HS+&962! 966)+)%$H#+&QE&(5! 0%#/! |-)/&$3J! 0#$+8%62! )+
(41 (S (/3110 =+ +0) (Yot 1 Yo-++#($196/&0) 421 -$1)/2'L +1$6#1#1)/-) 8. (!

1/ (BKS&OH2%)/#! #6)18'+1)5)&(2$1&(2$-H)DH(B=) K’ 24+ 1)$& (2G 1 <$!>) 2! (‘$#*!

$6)$! *)$)! )22&08&/)$&' (! +-$&(#/3! *#.8UHB&Y62! $6+'-56! $6#! *#.&(&$&'(! 1 )! %'2$!

~(%$&' (15", #108(&O&QHG! 715+) (*1%6)/ HHBHIHO)+&2#2) . +'01$6#! |-#2$! '+ =+A3!

OH$+&9621 RI &2! &3 =228, [#1 $'1 *#.&(# =+ A&H2! $6)$! 6) 14! $6#1 0o'++#2="(*&(51*&2%+80&()$'+
='SHH] G110 HHH&IBIHL) S IN'HIHA)0=/#21%6) (1># &*#($&. 31 0#$+&%621$6)$10)=!
'($'1%/80)$#! 2#(28$&1&$3;! <$!>)21 2-55#2IHFIRPE! ) $)2D1 . +%6#! $'1 *#.&(# O#S+8&%2!
RO %/&0)SH! =+HEYSE!(?! )(! $1 #28),/8&261 )(I &(+)2$+-%6$-+#] $'1 #H)2#! $6#!
06)/%-/)$&'(!".10#$+&%2G!

|

S(2#0,/#2!

|

S(2#0,/#! 280-/)$&'(2! )+#1 ) -(O#S)! $"/! &(! #A=/+&(5! $6#! /&0&$S2! $'! %/&O0)$H#!
=+89%$),8/&$3! ) (*1)22#228(5! $6#! |-)/RBBIE)RS! 2DE&/IG! H+) (1 %66)//#(5H#! $'=8%62! ) +#!
$6#11-)($&.8%)$&(!'.]. +#96)2$1 2D &// 2 SERTHASH *#2&5 (1. +#(2H0 , 1#1%' (2$+-%$& (!
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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:

I 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.

I 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.

I 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.

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

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

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

I 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.
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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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10.

12.

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.

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 21* century.

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 I"#$%&'()*'+#,&#-.()*-/',& will therefore be an accessible archive of observations
and model data with appropriate user interface and knowledge-discovery tools.

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.

. 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.

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.

-23-




"#$%&'()*+,-../.(012 $

|

"HBI06&" ()1 +&, -1 +) 0B 1$$.HSI 2&$223&, 1$0S.)! () 1#/2! 1$$. 14 () #+&) ) #S$!
2%($.)(3(*5!+67/.(8/)(+./1B(.L*(/,\/.-'+6/,12&99+6)16$*$(0$-136+.8'$6+&2!
(.-(0(-&/,2!/.-\+67/.(8/)(+.2:!
%6(.*$!1()1(21('9+22(1,$)+1./'B!, 1 (-(0(-&/,12%($.) (2) 21 4#+1%+.)6(1&)$-1) + ) #S$!
2%($.)(3(*1/29%%) 21+ 31)#(2!$.-$/0+ 65 HPI2PBHSI6$0+,&) (+.1(.1*, () $196$-(*) (+.514$!
A+&,-1, B+ HSI2%($.) (B(-1*+"&. ()< /211 44+ $13+61/,, ) #$(6!$=96$22(+.2!+3!
2899+6)!/.-17++-1-0(*$!7(0%.:!

"H$196&" ()1 4/21#+2)$-11 <! J#$I>&6+9$/.12$5.)6$!3+6! @$-(&'AB/.7$! CH/)#$6!
D+6$*/2)21E>?@CDF!(.\B$/-(.7:1C$!4+&,-!,(;$1)+$=96$22!+&6!/-'(6/)(+.13+6! }#$!
+&)2)/.-(.T)$*#.(*1,1+671.(8/)(+.1+3N)#S1$0$.) 4#(*#14/21/996$*(/)$-11<!/,,!
9/6)(*(9/.)2:NCSN#/.:1/,,1(.0+,0$-1>?@CD!2)/33!36+'1G-'(.(2)6/)(+.5!HI$6/) (+.25!
1.-1B$2$/6*#1/.-1$298*(/, <IBS.N)SI/  7$-+6.13+61HS6!-$-(*/)(+.1(V'/:(. 7)HS!

%8&" ()1 2&*#1/196+-&*)(0$!/.-1/.1$.J+</1,$!$0$.):!
"HSI7$.$6+8&213(./.*(/,12899+6)!+31)#6$$!*+'08&)$6!0$.-+625!?2BGK5ILM@5!/.-IN>?5!
1-$1()19+22(1,$1)+1+67/.(8$!)4+1$0$.(.7! LO&S)2!/.-1)+1+33$6!,(7#)!,&.*#-&6 (.7 #$!
4$$;1)+1/,,19/6)(*(91.)2:1"#$!.&'$6+821(.3+6',1-(2*822(+.21$.*+&6/7$-11<!)#$2$!
24%(/190$.) 215+ )6 (1&)$-1)+)HSI 7++-14+6:(.7129(6() }#$19/6)(*(9/.)2!3$,) /) )#S!
%8&"():!

"#3$1)6/0$,!+3!/1.&'1$6!+319/6)(*(9/.)25'Q/6) (*&,/6!<+&.712*($2)2!/.-12%($.)(2) 2!
36+'1-$0$,+9(.71*+&.)6($214/212&99+6)$-FiA+67/.(8$62!/.- 1 386)#$6129+.2+621+31)#$!
06&"():1L.19/6)(*&,/614$14+&, -1, (:$!)+ )4/ JH#$I3+, +4(.71+67/.(8/)(+.2P!
2HQG5!12$.)$6!13+6!H*$/.AQ/.-1G)'+29#$6$1%6)&-($2R!
SH>5!T%!S$9/6)'$.)!+3!>.$67<R!

>00G5!>&6+9%/.1%9/*$!G7$.*<R!

L29%6T5IL.)$6./)(+./2+8.%(,13+61%*($.*$R!

LUMV5IL.)$6./)(+./,1US+29B8 M(+29#$6$!V6+76/"$R!
LH?5!IL.)$67+0$6.'$.)/,|H*$/.+76/9#(*12+"(22(+.R!
NG%G5IN/)(+./,|G$6+./&)(*2!/.-1%9/*$!G-'(.(2)6/)(+.R!
N>B?5!N/)&6/,1>.0(6+.'$.)/,|B$2$/6*#17+&.%(,R!

NHGG5!N/)(+./,|H*$/.+76/9#(*)/.-! G)'+29#$6(*1G-'(.(2)6/)(+.R!
N%D5!N/)(+./,1%8$.*$!D+&.-/)(+.R!

@VL3@5!@/=AV,/.*:1L.2)()&)$!3+6! @$)$+6+,+7<R!
C?BV5IC+6,-12,(/)$!B$2$/6*#IV6+76/"$R!
C@H5!C+6,-1@$)$+6+,+7(*/,H67/.(8/)(+.R!
CCBV5IC+6,-IC$/)#$6!B$2$/6*#!IV6+76/"$:!

|

BALBPHPRHH B L

- 244



I"#$%& ' %o()*$"+",)-$#.%%%

%

"HSOOHEIHE H(H)*1+,8-%). &&-/*101/HBR Y 1/*1344#%%-5!. Yo 2#2*|0#6-1 7H#)-2*1

SLAHIH\ TH-A2519-/:#: 2H5HI S| THEH< S| =-8LTH[:%*1>$/ 2 THLX @-/1 T#22$-+1+$A4-&!

TB&H) M @-1/#2:17-17;%% L1+ $SAM-&H TSHYC; $*10#6$)! 784%: 16SAA*IDH/) 2$/-171/ !
E&$6$-2!71CA4-2*IFASEECBHT &1 3$&H-2;172C/-*I0#6%$)17C22$)?-*I18$5! [#C24-,*!
814/114C2A4* DCYe#//#1112;$*1=C(10#6$-%* FHY%A#&-10-&-A&CY%-*I+#2:1014-2; 1 @-1!
01//-2*1D-$;#1J512$*19-21/$:#1J, 25/ 2% G- $/*132-21" & 1*1K-) 1 3#2/-::*1.&5C;!

3HYYeSHI*| @#22,13#:- % ESH2 | 34 HINL3$127-;:#41142$%!312) 1/*IL-/#:-1
=#2-)12/*10)1=#22$%1/*1=$21  #%C!=#%C5$*MS&ALI=#N-&-2-2*IE&$6-1=-00-2/#/* PYe##A!
=-&)*1Q1/,1=$2%:;1%132-21=1&&H/)*I 72$#/'=1%:$/%*1Q21/) | P6-2%-/*1142$%: $#/-!
BHHE&1/1(%:$*11425%: $#/18#: LH*1+$A4-&18#22#C)*1 J5$&$#18$/*ID,&6$-181C%%#C5-*|P/RDS:!
SHI?*1.81S-&&S-*I+HYHAS)-1S$51; 1%18$51S$/;-2+1 7-/1S$2;5#/*114-:1STHES/%:, *IL T!
S2$%4/#/*1. 23| @##:%1/-1*IF-;-21=<12;] @#C2%$:N-/*1=-26B! @-1Q2-C;*IF-;-21 @-5:-*]
J&SN#H-; 41 @$GH#; 1C*1142$%! @ &-(-&&NRDED L2 -/A*ISCESHI+#12#]-&81*1I&$%bi#!
+HHINS/$*1015$/$UC-1+#2H1C; *I81AMB21;N:-*I0#6$) +#2064#8&*] &V $#!
+HHYYHAR)*IF$-22-RFA$ESC G-1+#2SATHHOAC/ 1 L 1H-2:1+-Ad1%1*13-24&)!

+- A8 +#2;$/1+$8&-241814/1+$: A4-EB A4 +1/A2$-O0* 7-22$-/1+112-*IE&$6-2!
+12;1/*18H#5-%01+C2G 4, * 1 +HYHYAS KHPHLISLIKHEH2 241 $)#I0$1/2C-IK$#/ 2]
K$:1%6!K$:$O12#:$%*IF-21K, H-22* SHIRCL PSR/ &S/ EGS<#A*1 TH#2:1815BIE20$8&H*!
Q$5!F#&5-241=CH&CIF#/*10#6%$) F#2 8B 2%1/%*. 2$IF#;2$/1%*1"2-)IF-#2A-]

1 A-(IFS$221: LI FS2#/$*1D-22F&H/; 1/419$A: | F1G-*ISHEH#&IFC2$*!

O-1:# ADHEHS I LHSHY (#5, | O#6-1LHHE&*IL$AMH2)IL11)*1+#2::CILC55C:#$/-/*!

8-002-,| DH#AAY*IQ#:#,C:$I DHYoH: C2H* 1 +#%6#:$I D#: 14* F#C&IDA41GO*! 7-2;1D-5;/-2*1 I#; 4!
D-/$12*1+-&IDA#G$21*IWC-%4C/\ DA-/*18#2#)$%4 DAC: &#*1.) 2$#/! D$551/%*| 8CE&SH D&S/?1*!
@-/1,\D5$;4*10#6$)!D;#$/012;4*10-:&-OD:#B57<12/1D;-6-1%*1+#VIDCH2-N*IL 1 (#/!
DC::1/41=$21%4$! Q#:#4#2#* S#2& QM GERHTRHHE) $*1 Q#:%C%4A$IQ1:$1:#*1S-6$/!
Q2-/H-2;4%11#218$/#19-24#*IF$-2! @ C$?$! 9$)#&-*1 0CH/-MH#&S%-2*10#6$) M#22$&1(*]
+SAAH-&IM-4/-251=$&H#2,IM-&&-2*1S-/;| MSLEX | @--IM11R8S/*ISH; 4, | X-&SA X Q$#/<C/!
'41C*IM#&;-2!"($-0&4A10-2*1"2#A$Y%!' ($-2%T!

|

- 254



APPENDIX 1 ("#$%&""!
()*+,1-),.++/0112344/516)*1 7+/485.19*. /:5/)0;1<!=1>1-82| @AAB;!C.8,/01!1!!

Tuesday, 6 May 2008

A>DAA= C.1/F5*85/)0!G!7)66..!
EADAA!

! Introductory Session:
EADAA!=! &)4/0/P3.!-8*Q)357!
EADEA! K$7-(R'!

EADEA!=! 1818,/FH!2H3J+8!
EAD@S! K#-LM7NO™"!
EADVA!=! -[:H.+!I8**83,!K(-N"
EADWS!

:H8/*D!1818,/FH!2H3J+8!K#-LM7NO"!
(+:)4.18, * FF!

C.T)+35/)0/U/01!7+/485.19*.,/:5/)0D!"1C.8+!
%..,!180,!8!C.8+!9)FF/Q/+/57!

C.,3:/01I5H.IC/FJI"FF):/85.,IX/5H!7+/485.1
Y8*/8Q/+/5?!80,17H8EAD, 12.T.*.1(.85H.!
5H*)31HI$OHSO:.,19*.,/:5/)0!=IZH.1%..,16)*!
[05.%085/)08+!7))\.*85/)0!

EADSA!=EEDE8].0,*8!198:H83*/IK[977'! ~.?0)5.18,,*.FF!
NHOI7H3*:H!IK(7COMI27't  ZH.I(7CI!T/.X!

EEDAA=
EEDAS!

EEDAS!=!
EEDEA!

EEDEA=
EEDES!

EED@A!=!
EEDWSI!

EEDSA=!
E@DES!

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

E@DVA=
EWDAA!

EWDAAI!=!
EWD@S!

EWDVAI=!
EWDSS!

ESDAA!I=!
ESD@S!

ESDVA=

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

78%+)F19%)Q*.IK[#_9'!

1.66*.2128:HFIK$8*5H!
[OF5/535.

ZH.I7"2M((COIT/.X!
ZH.I[#_9IT/.X!

ZH.!$66.:5F!)6!7+/485.17H801.1)0![05.%085/)08+
-/1*85/)0;!2*8,.;!80,!5H.!&/F5*/Q35/)0!)6!
[0:)4.]

7TH*/FIO+.X.++?20=24/5H! ZH.!7$C%!."\.*/.0:.!

KLA"$™!

C.085.1a81.,)*0!
K$7-(R'!

"#$%&

Theme-1:

*/80!a)FJ/OF!KC.8,/01!

LO/T *F/5?'l
# %8+ 1-. H+IK%7"C'!

-.+12H8V*)IKL7"C'!
!

048

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

:H8/*D!_*/80'a)FJ/OF!KC.8,/01!L0/T . *F/57'!
ZH.!,.T.+)\4.05!)6!5H.|@AAS=ES!(7C9!
25*85.1/:1R*84.X)*J!

%.511.0.*85/)0!:+/485.14), . +F16)*1:))*,/085., !
+/485.1:H801.1."\.*/4.05F!
ZH.12):/).:)0)4/:180,!1$0T/*)04.058+!
_.0.6/5F!1)6!8!(.85H.*:17+/485.180, 1$8*5H=
27F5.4INQF.*T85/)0F!80,19*.,/:5/)019%)].:5!6)*!
5H.!@EF5!7.053*7!

|

- 264



"#$%%!

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

m
"$%%!&!
"$<N!

"$U%!&!
"$SNN!
"W$%%&
"X$%%!
"X$%%&
<<$%%!

(

()*+,-.1/01231104+!54-!

(,+%))01>1$!C@!D-3+*>EID@!F41G0+1E!6@!A,>13+4

67*8*&"190+2)3:0+;1<%!80H@!173G),!

=+ %4> >04+12.16@!
A,>13+4B!

I"HSHY&! (
A,1,G0!l,>4719HOAIBIKB!

27,0-$!A,->0+!A0))*-19JKALMB!

P+;40+:11>3DQ0>7!>7*1:)47,)12)43:&-*14)R0+;!
84:*)EISTKOA!

H47+!A0>27%))19A*>IP5502*B! P+!-*14)3>04+E!248=)*V0>.!,+:13+2*->,0+>.10+!

I"H#$96& ()*+),)+&

' #&.,/01)2&

Y+ %= [(0(1-.(&223(

I"H$HY & (456+78+0#:'(

%X$%%!&! DY4-+!I>*R*+119ZK[OB!

%X$<N!

%X$U%!&!

%X$NN!

"06$%%&"%$<N! 608!(,)8*-19JKALMB!

T1,,2!F*):19CM/[B!

"6 U%E& " $Y6944))56),&

"$%%!&!
"'$<%!

"$<NI&!
"$ NI

""$N%!&!
"<$"%!

"<$"NI&!
"<$<NI!
"<$<N!&!
"<$UN!

I"H#$H#%; (

L,)>*-I_QO*5*)745%-1
9JKALMB!

A >7.1a*)02G!9ZK!
D*-G*)*.1 +:[DS[B!

P8,-1C7,>>,119Z+0R@!
6*V,1B!

6&U$!/,RO:!(,-G1!19SJIKB!

6&US!(*-!1S.?7*-:19K-, .B!

2)08,>*127 +;*1=-*:02>04+1!
!

27,0-$!A,->0+!A0))*-19JKALMB!

L7.1,-*+\>12)08,>*184.:*) 11;*>>0+;!?7*>>*-]19D3>!
54-*2,1>184:*)1!,-*@B!

0>>-073>044£+:02>04+1451-*:04+)12)08,>*!
27,441

64Q,-:11>7*(-4?,20)01>021J,->7&1.1>*8IA4:*)!
!
27,0-$!HO8!"0+>*-19KP[OB!
6-*+:110+!F0; 7&(*-54-8,+2*IK48=3>0+;!

(*>,12,)*1A**>11A3)>024-*$!(-4;-,880+;!
A4R)IKT))*+;*1! | +:1P==4->3+0>0*1!

64Q,-11!,:R,+2*:1+38*-02,)!,);4-0>781154-1

248=3> >04+,)1120*+2*14+1=*> 12 }*I1.1>*81$!
/.+,802!8*17!,:, =>0R0>.E!S*Q>4+&"- )4R!
0+R*-1*114)R*-1E!,+:13+2%-> 0+>.103,+>0502,>04+!

67*ISIK!=*-1=*2>0R*I54-1],->7!].1>*8!
A4:%))0+;!
64Q,-:1!,+!P=>08,)!0-270>*2>3-*154-1],->7!
1.1>*8IA4:*)0+;!

"<SUN&"<$'N! 6&USI*+>1L0+27+))I9TDAB! 2, p48=3>0+;$!K,=,20>.14-1K,=,20)0>.!
"< @ N&" $%9al(8&

- 274



! I"HSHYO&( "H#$%6&'1()" #*+), $&)-./410,123,4!
5677131 #&%<-%$=!($/)>10!)=$<#B@$CDS$-%=E!F$&$+*-8%.$-%)=<I%=ICS&E*3<"$C*!

5689:! ?7=%@*&<%-A4! +)G*C<!3!H=!%=-*E&$-*GI$FF&)$"#!
56'17!3! J*-C*KIL-$++*&!02K,3MM4!  2=%-%$EEY:3BD&<IK)&!"C%+$-*IF&*G%"-%)=!
56":! +)G*C<!

5:'7735:9:1 N$.D-)<#0610=)E%!0(,H4!  B@)CD-%)=!)K!P)=E3-*&+Q*$=$CA<%<!

517351 N*@%=!R&*=>*&-#0S;HQ4! BW-@o=E!$=GI*@$CDS$-%=E!+)G*C<!U%-#!
)><*&@%-%)=<!

5V87735V' I 71" ##$$% &S !

! I"H$HY0) ( "#$%8&'|(DC%S$!LC%=E)!0Q*$G%=E!?=%@*&<%-A4!
5W'7735W'9:!  H&%!1$-&%=)<IOLA=-#*FRAEMXBSO,BI*TF*&%*="*]

X*=)+04"<Y12="84]
5W'7!13!  (DC%$!LC%=E)!I0Q*$GY%=F#*&*IG)!IU*IE)IK&)+#*&*[11)<<%>C*IU$A<!

SW'::! 2=0@84! K)&US&GIK)&!$"#%* @%=E!$!&*@)CD-%)=1%=!"C%+
F&*G%"-%)=8!

5\'7713! 1$=*C1J%<"D<<%)=1K)&! !
5\'[7! R#*++3:!

5\'(7!3! R&$=<F)&-$-%)=!-)! !
5]'77! Q*<-$D&$=-!

5]'77399'77! ()*+'-.$/* !

et - J0(1(2./(3441(

! 56#7.+/'( !

7177131 A&Y*K%=E!)K!"&*$/)D-1X&)DF<!R9!3IR:Y!

717! %="CDG%=E!57!+%=IF&*<*=-$-%)=I>A

$&/NJ)H*&-AIOBLH4!

! 87-9:9-* 6(;+#.<=*>(?+=*@, ( 1$8-%"%F$=-<IU%CCIHS@*!-#*!
)FF)&-D=%-Al-)I$--*=GIGU%KK*&*=-!
>&*$/)D-IE&)DF<IK)&!<*<<%)=121$=G122!

71173 A&*$/)D-1X&)DF<IRI3R:Y!<*<<0%)=12! !

57'17!

57'173 I"#H$$% 8P !

55'77!

55'773 A&*$/)D-1X&)DF<IRI3R:Y!<*<<0%)=12! !

59'17!

59'173 0.,12* !

56'77!

56'773 A&*$/)D-IX&)DF<IRI3R:Y!<*<<%)=122! |

5:'17!

- 284



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

"($8&
N$%8&!

" $&&'
66$&&!

"#H$S% &S !
*+,-./0112+/034!156'5#714,448/9!::! !

(Vo - [+, $).#7).012-)"13."4..41, !
)$03",0+25$.#").6)'#7+,-.8199+7.
87'7$9%,7.

"HEY6& (1) I*&' 1+, -]

&;$&&'
&;P&#!

&;$&H#'
&;$6&!

&;$6&'
&:;$S&!

&;$S&'
"&$&E&!

"&$&&
"&$6&!

"&$6&'
"&$S&!

"&$S&
"$&&)

"$&&'
"6$%4&!

"6$%4&!
"6\%&'
"S$&&!

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

J01&#'2! <=-8+$!>-?-@84=!A=0.B-!

C2DEFGHIJK!
:91+/@0<18/9!1/ILB,9-+M!A,448/9! >-?-@84=!A=0.B-!IC2DEFGHIJK!
AONN-+M!/O!5=,N,"13B,9-+M! *+8-91P/4.894!CQ,-@89?!E98R,+481MK!
@84<0448/9!

Q,3/+1!0+/N!5=,N,'6!T+,-./01!?+/03! D-+189!D8BB,+!CUGDVWK!
Q,3/+1!0+4/N!5=,N,'%!T+,-./01!?+/03! >8N!X891,+!CGHIJK!
Q,3/+1!10+/N!5=)N,'SIT+,-./01!?+/03! >/<=,N!D-+/1Y.,!\CDL:'DK!
Q,3/+1!0+/N!5=,N,"#!T+,-./01!?+/03! >0B8-!AB897?/!CQ,-@89?'E98R,+481MK!
"#HH$$%08&S'. !

W89-B!Z84<0448/9![!,9@/+4,N,91!/O!

AONNS81!A1-1,N,91!
31%!45!6788%9! !

1<, |

:91,+9-BIN,,189?!/0!1=,IH+?-98Y897?]
G/NN811,,! '

- 294
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GLOBAL
WCRP:=  WARp™" o

World Climate Research Programn ' H ANGE

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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