
!!"#$%&’ "( )*"+$&,-./&’ 0/.*%/*1 234 5 678839 :;<=>>? @00AB CD8<=EF?G HHHI+*"+I/%

J*/*.K*LB !""#$"#$%&’’M//*,N*LB !""#$"($%!
O"#%L&N."%B )*+,-’./*/0’1*234’5020*-46’70809,:;0</’=-,>-*;’,?’@63<*A’B,CD!""""EE&F’B,CD%&&&"GHI$"%
M#N-"$B J0<>’K*<’L%&E!$MNO=6C7C’*<P’Q22,43*/0’5020*-460-N’2:043*93R0P’3<’0<83-,<;0</*9’-0;,/0’20<23<>’*<P’DS.C

T$;*39U’ +9R0<>V*<W23<*C4,;

P.1N$.Q#N*L R"L*’.%+ "( L.$*/N 1"’&$ $&L.&N."%
"% $#++*L N*$$&.% "( N-* S*’’"H J.K*$ T&1.%
!"#$ %&’%N’ ’()* +,’-&!N’ ’.)* /0&’12,’1HN’ ’3)45$ 4,67’%

L%C’ X3*<>2Y’ S<2/3/Y/0’ ,?’ )0/0,-,9,>34*9’ .430<402N’ B*<+3<>’ !%"""(N’ @63<*F’ !C’ 70:*-/;0</’ ,?’
D0,2:*/3*9’ S<?,-;*/3,<’ .430<402N’ B*<+3<>’ Z<380-23/V’ ,?’ S<?,-;*/3,<’ .430<40’ *<P’ [046<,9,>VN’
B*<+3<>’ !%""GGN’ @63<*F’ HC’ S<2/3/Y/0’ ,?’ D0,>-*:634’ .430<402’ *<P’ B*/Y-*9’ 502,Y-402’ 5020*-46N’
@Q.N’103+3<>’%""%"%N’@63<*M

MQ1N$&/NB 7Y0’/,’ /60’ 3<?9Y0<402’,?’ 9,4*9’ /,:,>-*:634*9’ ?*4/,-2’*<P’/0--*3<’ 3</0-$26309P3<>N’4*94Y9*/3,<’,?’
P3-04/’ 2,9*-’ -*P3*/3,<’ L7.5M’ \Y*</3/V’ ,?’ -Y>>0P’ /0--*3<’ 32’ 80-V’ 4,;:90]C’ 1*20P’ ,<’ P3>3/*9’ 0908*/3,<’
;,P09’ L7T)M’ P*/*’ *<P’ ;0/0,-,9,>34*9’ ,^20-8*/3,<2NO *O P32/-3^Y/0PO ;,P09O ?,-O 4*94Y9*/3<>O 7.5O ,80-O
-Y>>0PO /0--*3<O 32O P0809,:0PCO [632O ;,P09O >3802O *<O *99$23P0PO 4,<23P0-*/3,<O ,<O ?*4/,-2O 3<?9Y0<43<>O 7.5CO
Z23<>O/60OP0809,:0PO;,P09NO<,-;*92O,?O*<<Y*9O7.5O\Y*</3/VO_3/6O*O-02,9Y/3,<O,?O%O‘;O! %O‘;O?,-O /60O
K099,_O 5380-O 1*23<O _*2O >0<0-*/0PNO _3/6O 7T)O P*/*O *2O /60O >0<0-*9O 46*-*4/0-3R*/3,<O ,?O /0--*3<CO
@6*-*4/0-32/342O ,?O 7.5O \Y*</3/VO 3<?9Y0<40PO ^VO >0,>-*:634O *<PO /,:,>-*:634O ?*4/,-2O ,80-O -Y>>0PO /0--*3<O
_0-0O *<*9VR0PO /6,-,Y>69VCO 502Y9/2O 2Y>>02/O /6*/UO 3<?9Y0<40PO ^VO 9,4*9O /,:,>-*:634O ?*4/,-2NO 3C0CO *R3;Y/6NO
29,:0O*<PO2,O,<NO*<PO*<<Y*9O7.5O\Y*</3/VO,80-O;,Y</*3<,Y2O*-0*O6*2O*O490*-O 2:*/3*9OP3??0-0<40FO*<<Y*9O
7.5O \Y*</3/VO ,?O 2Y<<VO 29,:0O L,-O 2,Y/60-<O 29,:0MO ,?O ;,Y</*3<2O 32O ,^83,Y29VO 9*->0-O /6*<O /6*/O ,?O 26*PVO
29,:0O L,-O <,-/60-<O 29,:0MCO [60O 4*94Y9*/0PO 7.5O \Y*</3/VO ,?O /60O K099,_O 5380-O 1*23<O 32O :-,83P0PO 3<O /60O
2*;0O _*VO *2O ,/60-O ‘3<P2O ,?O 2:*/3*9O 3<?,-;*/3,<O *<PO 4*<O ^0O 0;:9,V0PO *2O ^*234O >0,>-*:634O P*/*O ?,-O
-0908*</O2/YP302O*2O_099C
U*V H"$L1B P3-04/O 2,9*-O -*P3*/3,<O L7.5MFO -Y>>0PO /0--*3<FO P3>3/*9O 0908*/3,<O ;,P09O L7T)MFO P32/-3^Y/0PO
;,P09FOK099,_O5380-O1*23<
P,3UO%"C%HI"a>2"#"G"E

C @%N$"L#/N."%

73-04/O 2,9*-O -*P3*/3,<O L7.5MO 32O /60O‘0VO4,;:,<0</O,?O /60O>9,^*9O -*P3*/3,<O -0*463<>O /60OT*-/6COb,-O
/60O 3<?9Y0<40O ,?O /0--*3<O ?*4/,-2NO 4*94Y9*/3,<O ,?O 7.5O \Y*</3/VO ,?O -Y>>0PO /0--*3<O 32O 4,<23P0-*^9VO
4,;:90]OLc93:6*</O89 &:CNO!""HMC

[60O2,9*-O -*P3*/3,<O\Y*</3/VO -0*463<>O /60O -Y>>0PO /0--*3<O 32O 3<?9Y0<40PO^VO;*<VO ?*4/,-2O 2Y46O*2O
*2/-,<,;34*9O *<PO >0,>-*:634O ?*4/,-2O L3C0CO 2,9*-O 4,<2/*</NO -09*/380O 2Y<$0*-/6O P32/*<40NO 2,9*-O
P0493<*/3,<NO 9*/3/YP0NO 0/4CMNO 9,4*9O /,:,>-*:634O ?*4/,-2O L3C0CO *R3;Y/6NO 29,:0NO /0--*3<O 3</0-$26309P3<>NO
0/4CMNO */;,2:60-34O :6V234*9O ?*4/,-2O L3C0CO */;,2:60-0O ;,904Y902NO *0-,2,9O :*-/34902NO 0/4CMO *<PO
;0/0,-,9,>34*9O ?*4/,-2O L3C0CO 49,YP*>0NO 49,YPO 8*-30/302NO 0/4CMO LJ0<>O 89 &:CNO !""HFO 7,R30-O 89 &:CNO
%&&"MCO [6-,Y>6,Y/O /60O 93/0-*/Y-0NO 3<802/3>*/3,<2O ,<O *2/-,<,;34*9O *<PO >0,>-*:634O ?*4/,-2O *-0O
-09*/3809VO 3P0*9NO _6346O *-0O ;*3<9VO -09*/0PO /,O /60O 4*94Y9*/3,<O ,?O 6,-3R,</*9O 0]/-*/0--02/-3*9O 2,9*-O
-*P3*/3,<FO -020*-4602O ,<O 9,4*9O /,:,>-*:634O ?*4/,-2O *-0O ;*3<9VO -09*/0PO /,O /60O >0<0-*9O P0809,:0PO
;,P092O ?,-O 4*94Y9*/3,<O ,?O 2,9*-O -*P3*/3,<O ,<O 29,:02O *<PO /60,-0/34*9O ?,-;Y9*2O ?,-O 4*94Y9*/3,<O ,?O
0]/-*/0--02/-3*9O 2,9*-O -*P3*/3,<O ,<O >380<O 23<>90O 29,:0NO -0>*-P9022O ,?O /60O 3<?9Y0<40O ,?O /0--*3<O
3</0-$26309P3<>O 0??04/2O LJY,O 89 &:CNO %&&%FO J6YNO %&((MCO ./YP302O ,<O */;,2:60-34O :6V234*9O ?*4/,-2O *-0O
;*3<9VO -09*/0PO /,O ;,P092O ,<O 490*-O 2‘VO 2,9*-O -*P3*/3,<O 23;Y9*/3,<O L7*83PNO %&&EFO )*]_099NO %&&(FO
S\^*9NO%&(HMCO./YP302O,<O;0/0,-,9,>34*9O ?*4/,-2O *-0O;*3<9VO -09*/0PO /,O 0;:3-34*9O;,P092OP0809,:0PO
^VO 2,9*-O -*P3*/3,<O ,^20-8*/3,<O P*/*O ,?O ;0/0,-,9,>34*9O 2/*/3,<2O ?,-O 6,-3R,</*9O 2,9*-O -*P3*/3,<O



!"#$%&’#(%)*+,-*#.’(,/*+,01’#$2*#$,!" #$%

3*2+4’5*6#%786#$%!" #$9:%;<<=>,8"#$:,=??@A9
BCD,E+’#5*5F,.’44*#$,6#,’,G+$$"H,5"GG’*#, *3,#65,6#4F, *#.4+"#I"H,JF, 56K6$G’K1*I’4, .’I56G3:, 3+I1,

’3, ’3K"I5, ’#H, 346K", 6., 51", 5"GG’*#:, J+5, ’436, *#.4+"#I"H, JF, *#5"GL31*"4H*#$, ".."I5, I’+3"H, JF,
3+GG6+#H*#$, 5"GG’*#39,M6G, 51", 5"GG’*#, *#5"GL31*"4H*#$,".."I5, I1’#$"3,N*51% 51"% 3+#O3% ’KK’G"#5%K’51% *#%
51"% 3PF:% 51"% 3*2+4’5*6#% 6.% 51"% BCD% H*35G*J+5*6#% 6#% G+$$"H% 5"GG’*#% *3% Q"GF% I62K4"R9% S#% G"I"#5%
H"I’H"3:% 51"% H"Q"46K2"#5% 6.% T"6$G’K1*I’4% S#.6G2’5*6#% CF35"2% 7TSCA% JG"’P3% ’% #"N% K’51% .6G%
G+$$"HL5"GG’*#% 364’G% G’H*’5*6#% 3*2+4’5*6#9% UG"Q*6+3% 35+H*"3% 316N% 51’5% ’% H*35G*J+5"H%26H"4:% J’3*#$%
6#% BVW% H’5’:% 2’P"3% 51"% 3*2+4’5*6#% 6.% 364’G% G’H*’5*6#% 6.% G+$$"H% 5"GG’*#% K633*J4"% 7)*+% !" #$9:%
;<<X>% /*% !" #$9:% =?YY>% D’#Z*% !" #$9:% =??[>% B+J’F’1% !" #$9:% =??<>% \6IE+"5:% =?YX>% B6Z*"G% !" #$9:%
=?@?A9% ]3*#$% BVW% H’5’% ’3% 51"% $"#"G’4% I1’G’I5"G*Z’5*6#% 6.% 5"GG’*#% ’#H% TSC% ’3% H’5’% KG6I"33*#$%
K4’5.6G2:%H*35G*J+5"H%26H"4*#$%6.%BCD%E+’#5*5F%6.%G+$$"H%5"GG’*#3%6.% 51"%&"446N%D*Q"G%\’3*#%N’3%
’I1*"Q"H9

! "#$# #%& ’($)*&

^3,N", P#6N:,2"5"6G646$*I’4, 35’5*6#3, ’G", +3+’44F, 3*5+’5"H, ’5, 6K"#, .4’5, N*51, 4*2*5"H, #+2J"G:, ’#H,
51"*G, I6#Q"#5*6#’4, 364’G, G’H*’5*6#, H’5’, 6#4F, G"KG"3"#5, 51", 16G*Z6#5’4, 6J3"GQ’5*6#, G"3+4539,
_1"G".6G":, H*35G*J+5*6#, 6., 364’G, G’H*’5*6#, 6Q"G, G+$$"H, 5"GG’*#, I’#, 6#4F, J", $65, JF, 3*2+4’5*6#9, S#,
51*3,K’K"G:,N",+3",’,H*35G*J+5"H,26H"4,56,3*2+4’5",BCD,E+’#5*5F,H*35G*J+5*6#,6.,G+$$"H,5"GG’*#9

\’3"H, 6#, 51", 51"6GF, 6., BCD, 6#, 346K"3:, 51", I’4I+4’5*6#, .6G2+4’, 6., BCD, 6Q"G, G+$$"H, 5"GG’*#,
N’3,$*Q"#,J"46N‘

,, , , , , , , ,, , , , , , , , , , , , , ,, , , , , , , , , , , , , , ,, , , , , , , , , &<!"

&<
,a, &’!"

&’
7=A

N1"G",&<!" *3, 51", "R5G’5"GG"35G*’4, 364’G, G’H*’5*6#, 7VCDA, E+’#5*5F,6., G+$$"H, 5"GG’*#, 7VCD,H"3IG*J"3,
51",364’G,G’H*’5*6#,.’44*#$,6#,51","’G51,3+G.’I",N*51,#6,’II6+#5, 5’P"#,6.,’5263K1"G*I,".."I5A>,&<, *3,
VCD,E+’#5*5F,6.,16G*Z6#5’4,K4’#">,&’!" *3,BCD,E+’#5*5F,6., G+$$"H, 5"GG’*#>, ’#H,&’ *3,BCD,E+’#5*5F,
6.,16G*Z6#5’4,K4’#"9

MG62,"E+’5*6#,7=A,6#",I’#,$"5‘
, , , , , , , , ,, , , , , , , , , , , , , ,, , , , , , , , , ,&’!" a,&<!"

&’

&<
,a,(’&’ a,&<!" )’ 7;A

N1"G",(’ a,
&<!"

&<
:, *5, *3, 51", G’5*6, 6.,VCD,E+’#5*5F, 6., G+$$"H, 5"GG’*#, 56, 51’5, 6., 16G*Z6#5’4, K4’#":, *5,

*3, ’436, I’44"H, I6#Q"G3*6#, .’I56G, 56, G"KG"3"#5, 51", *#.4+"#I"3, 6., 5"GG’*#, 6#,BCD, 7!+6, !" #$9:, =??=A>,,
)’ a, &’

&<
:, *5, *3, 51", G’5*6, 6.,BCD, E+’#5*5F, 56, VCD, E+’#5*5F, 6., 16G*Z6#5’4, K4’#", ’#H, 5"G2"H, H*G"I5,

5G’#32*55’#I",56,G"KG"3"#5,51",*#.4+"#I"3,6.,’5263K1"G",6#,BCD,7/6+I1",!" #$9:,=??=A9
T*Q"#, &<!":, &<, ’#H, &’:, +3*#$, "E+’5*6#, 7;A, 6#", I’#, $"5, 51", H*35G*J+5*6#, 6., BCD, E+’#5*5F, 6.,

G+$$"H, 5"GG’*#9,b"G":,&<!" *3, I’4I+4’5"H,JF,’,H"Q"46K"H,H*35G*J+5"H,26H"4, 7)*+,!" #$9:, ;<<XA>,&<, *3,
I’4I+4’5"H,JF, 51"6G"5*I’4, .6G2+4’", 7!+6,!" #$9:, =??=A>, ’#H,&’ *3, 3*2+4’5"H,JF,2"5"6G646$*I’4, H’5’,
.*55*#$,35’5*35*I’4,26H"43c9

W"5"6G646$*I’4, H’5’, +3"H, *#, 51*3, 35+HF, ’G", 26#514F, 2"’#, K"GI"#5’$", 6., 3+#31*#", ’#H, 51",
’26+#5,6.,I46+H3,.G62,=dX,2"5"6G646$*I’4,35’5*6#3:,’#H,26#514F,364’G,G’H*’5*6#,E+’#5*5F,.G62,e[,
2"5"6G646$*I’4, 35’5*6#3, 76.,N1*I1, e[, 35’5*6#3, 1’Q", $46J’4, 364’G, G’H*’5*6#, H’5’, ’#H, ;=, 1’Q", BCD,
H’5’A9, ^44, 51",2"5"6G646$*I’4, 35’5*6#3, ’G", #"’G, 6G, *#, 51", &"446N, D*Q"G, \’3*#, ’#H, 51"*G, 46I’5*6#3,
’G", 316N#, *#,M*$+G",=9,_1", 5*2", 3"G*"3,6.,2635,6.,26#*56G*#$,H’5’, *3, .G62,=?d<, 56,;<<<9,\".6G",
+3*#$:,H’5’,E+’4*5F,H"5"I5*6#,*3,2’H"9

f VQ"#, *#,26+#5’*#6+3, ’G"’:,2"5"6G646$*I’4, 35’5*6#3, ’G", +3+’44F, 3*5+’5"H, ’5, 6K"#, .4’5, ’#H, #6, 6J35’I4"3, *#, I"G5’*#,
3I6K"9, B’5’, 6., 51"2, 6#4F, G"KG"3"#5, 51", 16G*Z6#5’4, 6J3"GQ’5*6#, G"3+4539, C6:, *#, 51*3, 35+HF:, $46J’4, 364’G, G’H*’5*6#,
’#H,H*G"I5,364’G,G’H*’5*6#,26H"43,.*55"H,JF,2"5"6G646$*I’4,H’5’,’G",’44,16G*Z6#5’4,3*2+4’5*6#39

XX<



!"#$%"&’$()*+,)(-"./*,0*)"%(1$*#,-2%*%2)"2$",.*,.*%’//()*$(%%2".

! "#$%&#’()* +,- .!"/ 0%12*)(%#’ #3 (45 65**#7 -%85$ 9)0%’

!:; "#$%&#’()* +,- <!"= 0%12*)(%#’ 1#>5*0
!34* "#* $5(*6(7*1,+8,.(.$*,0* $5(*/-,&2-* %2)"2$",.* %(215"./* $5(*92%$5:*;5(7* 2%(*5"/5-7* 1,%%(-2$()*
<=,’15(*!" #$:>*?@@?A*B"/.,-2*!" #$:>*?@CDE:*;5(%(20$(%>*F(*1,.#$%’1$*$5(*%& #"+’-2$",.*+,)(-*2#G
* * * * * * * * ** * * * * * * * * * * * * ** *%& H*%<?*! #E ?*! (I8 J&’( <?*! ’E! "# $* * * <KE

F5(%(*% "#*/-,&2-* #,-2%* %2)"2$",.*L’2.$"$7*,0*5,%"M,.$2-*8-2.(A!’ "#*8(%1(.$2/(*,0* #’.#5".(A* 2.)*#>*
& 2.)*( 2%(*(+8"%"12-*1,(00"1"(.$#:

9L’2$",.* <KE* 52#* 1-(2%* 857#"12-*+(2."./:*N2+(-7>* ".* 1,+8-($(* /-,,+7*F(2$5(%>* ’ H* O>* $5(%(*
2%(*.,*!34*2.)*%& H*OA* ".*1,+8-($(*1-(2%*F(2$5(%>*’ ! ?>* $5(*#,-2%* %2)"2$",.* %(215"./* $5(*92%$5*
"#*+2".-7*1,+8%"#()*,0*!34*2.)*%& 288%,215(#*$,*$5(*+2I"+’+>*":(:*%& ! %<?*! #E:

P.* (L’2$",.* <KE>* (+8"%"12-* 1,(00"1"(.$#* #>*& 2.)*( 12.* &(* 0"$$()* &7* ,&#(%Q2$",.2-* )2$2:*R,%* $5(*
.’+&(%* ,0* #$2$",.#* $52$* 52Q(*!34*,&#(%Q2$",.2-* )2$2* "#* #+2-->*!34*)2$2* ,0* 2--* $5(* #$2$",.#*F(%(*
".$(/%2$()* $,* 0"$* $5(*+,)(-:* P.* ,%)(%* $,* 2.2-7M(* $5(* 152./"./* 152%21$(%#* ,0* #>* & 2.)* ( F"$5* $"+(*
2.)* #821(>* )"00(%(.$* )2$2#($#* F(%(* ’#()* 2.)* $5(* %(-2$()* 0"$$()* +,)(-#* ,0* %& 2%(* 12--()* ’."0"()*
+,)(-*2.)*+,.$5-7*+,)(-*%(#8(1$"Q(-7:*;5("%*+(2."./#*2%(*2#*0,--,F#:

<?E* S."0"()* +,)(-G* %& ,&#(%Q2$",.2-* )2$2* ,0* 2--* #$2$",.#* 2%(* ’#()* $,* 0"$* $5(* +,)(-* <+,)(-*
.’+&(%G*?E:

<TE*U,.$5-7*+,)(-G*%& ,&#(%Q2$",.2-*)2$2*,0*2--*#$2$",.#*,0* $5(*#2+(*+,.$5*2%(*’#()*$,*0"$* $5(*
+,)(-*<+,)(-*.’+&(%G*?TE:

;5(*#$2$"#$"1#*,0*)"00(%(.$*+,)(-#*2%(*#5,F.*".*;2&-(*?:
P.* ;2&-(* ?>* $5(* #$2$"#$"12-* ".)"1(#* 2%(* #L’2%(* ,0* 1,%%(-2$",.* 1,(00"1"(.$* <4TE>* U(2.* V&#,-’$(*

W"2#*9%%,%*<UVW9E*2.)*U(2.*V&#,-’$(*4(-2$"Q(*W"2#*9%%,%*<UV4W9E:
R%,+* ;2&-(* ?* ,.(* 12.* 0".)* $52$G* 52Q"./* 1,.#")(%()* $5(* (+8"%"12-* 1,(00"1"(.$#* 152./"./*

152%21$(%#* F"$5* $"+(>* +,.$5-7* +,)(-#* 12.* "+8%,Q(* $5(* #"+’-2$",.* 211’%217* ,0* %& (00(1$"Q(-7:*
;5(%(&7>* 0,%* #$2$",.#* 52Q"./* /-,&2-* #,-2%* %2)"2$",.* )2$2>* F(* 12.* ’#(* $5(* +,.$5-7* +,)(-* $,*
#"+’-2$(*%&:*;2&-(*T*/"Q(#*1,(00"1"(.$#*2.)*#$2$"#$"1#*,0*+,.$5-7*+,)(-#*0,%*%& #"+’-2$",.:

R"/’%(*?**!"#$%"&’$",.*,0*+($(,%,-,/"12-*#$2$",.#*".*2.)*2%,’.)*$5(*X(--,F*4"Q(%*W2#".*
0,%*$5(*%,’$".(*+($(,%,-,/"12-*(-(+(.$#*2.)*#,-2%*%2)"2$",.*,&#(%Q2$",.

YY?



!"#$%&’#(%)*+,-*#.’(,/*+,01’#$2*#$,!" #$%

345, 61"% 2"6"45474$*8’7%
96’6*4#9% 61’6% 1’:"% $74;’7% 947’5%
5’<*’6*4#% =&>, <’6’, ’5", 7*2*6"<,
’#<, 2496, 4., 61", 96’6*4#9, 4#7?,
1’:", 54+6*#", 2"6"45474$*8’7,
<’6’@, *A"A, B"58"#6’$", 4.,
9+#91*#", ’#<, 61", ’24+#6, 4.,
874+<9@, +9*#$, "C+’6*4#, =D>, 64, 9*2+7’6",&’

#""<9,64,<"6"52*#",& .*596A
!"# $%&’(%)*+, -,%.+, /%,+& &+0’+*’%)

1!2 /’34,+*’%) 3%05,/
E47+2", 4., 96+<*"9, 914F, 61’6, 145*G4#6’7,
$74;’7, 947’5, 5’<*’6*4#, H&>, ’#<, B"58"#6’$",
4., 9+#91*#", =(>, 1’:", ’, $44<, 8455"7’6*4#,
’#<, 61"*5, 7*#"’5, "C+’6*4#, 8’#, ;", $*:"#, ’9,
.4774F9,=I4#$,!" #$A@,JKKLM,I"#$@,LNNO>P
Q , , , , ,& R,&K=#) S,’*!(>, , , , =T>
F1"5",#*@,’* ’5","2B*5*8’7,84"..*8*"#69A

U1?9*8’7, 2"’#*#$, 4., "C+’6*4#, =T>, *9,
61’6P, *#, 842B7"6", $7442?, F"’61"5@, ( R, K@,
& ! &K#*@, 61", $74;’7, 947’5, 5’<*’6*4#, =&>,
5"’81*#$, 61", V’561, ’BB54’81"9, 64, 61",
2*#*2+2M, *#, 842B7"6", 87"’5, F"’61"5@, (
! L@, & ! &K =#* S, ’*>@, 61", $74;’7, 947’5, 5’<*’6*4#, =&>, 5"’81*#$, 61", V’561, ’BB54’81"9, 64, 61",
2’W*2+2A, #* ’#<, ’* 1’:", #4, <*5"86, 5"7’6*4#, F*61, 6"55’*#, ’#<, ’5", 2’*#7?, 5"7’6"<, 64, 87*2’6*8,
84#<*6*4#, ="A$A, 61", ’24+#6,4., 874+<>, ’#<, ’6249B1"5*8, 65’#9B’5"#8?A, 345, 5"’94#9, $*:"#, ’;4:", ’#<,
842;*#"<, 61", 84#9*<"5’6*4#, 61’6, 61", & 9*2+7’6*4#, 24<"7, *9, 7*#"’5, ’#<, 61", #+2;"5, 4., 96’6*4#9,
F1*81,1’:",& <’6’,7’5$"5,61’#,61’6,4.,&’@, 61",.*66"<,24<"79,.45,& 9*2+7’6*4#,’5",’9,.4774F9P

=L>, X#*.*"<, 24<"7P, & 4;9"5:’6*4#’7, <’6’, 4., ’77, 96’6*4#9, ’5", +9"<, 64, .*6, 61", 24<"7, =24<"7,
#+2;"5P,L>A

=J>,Y4#617?,24<"7P,& 4;9"5:’6*4#’7,<’6’,4.,’77, 96’6*4#9,4., 61", 9’2",24#61,’5",+9"<, 64, .*6, 61",
24<"7,=24<"7,#+2;"5P,LJ>A

=D>, Z*#$7", 96’6*4#, 24<"7P, ’77, 61",& 4;9"5:’6*4#’7, <’6’, 4., ’, 9*#$7", 96’6*4#, ’5", +9"<, 64, .*6, 61",
24<"7,=24<"7,#+2;"5P,D[>A

=T>,Y4#617?, 9*#$7", 96’6*4#,24<"7P,& 4;9"5:’6*4#’7, <’6’,4., 61", 9’2",24#61,4., ’, 9*#$7", 96’6*4#,
’5",+9"<,64,.*6, 61",24<"7,=24<"7,#+2;"5P,D[!LJ,R,TJK>A

\1",96’6*96*89,4.,<*.."5"#6,24<"79,’5",$*:"#,*#,\’;7",DA
\1", <*.."5"#8", ;"6F""#, 24#617?, 24<"7, ’#<, +#*.*"<, 24<"7, 45, 24#617?, 9*#$7", 96’6*4#, 24<"7,

’#<, 9*#$7", 96’6*4#, 24<"7, *9, 61’6, 61", .452"5, 84#9*<"5"<, 61", 81’#$*#$, 81’5’86"59, 4., "2B*5*8’7,
84"..*8*"#69,F*61, 6*2",’#<, 61", 7’66"5, *9,#46A,\1",<*.."5"#8",;"6F""#,24#617?, 9*#$7", 96’6*4#,24<"7,
’#<,24#617?,24<"7, 45, 9*#$7", 96’6*4#,24<"7, ’#<, +#*.*"<,24<"7, *9, 61’6, 61", .452"5, 84#9*<"5"<, 61",
81’#$*#$, 81’5’86"59, 4., "2B*5*8’7, 84"..*8*"#69,F*61, 9B’8", ’#<, 61", 7’66"5, *9, #46A, 3542,\’;7", D, 4#",
8’#, .*#<, 61’6P, 84#9*<"5*#$, 61", 81’#$*#$, 81’5’86"59, 4., "2B*5*8’7, 84"..*8*"#69, F*61, 9B’8", F*77,
*2B54:", 61", .*66*#$, ’88+5’8?, 4., & =*A"A, Y]^_V‘Q ;?Q ’;4+6Q JAOa bDAKc% ’#<% 84#9*<"5*#$% 61"%
81’#$*#$%81’5’86"59%4.%"2B*5*8’7% 84"..*8*"#69%F*61% 6*2"%F*77% *2B54:"% 61"% .*66*#$% ’88+5’8?%4.%& ;?%
’;4+6%KAJdbKA[dA%e’:*#$% 84#9*<"5"<%;461% 61"% 81’#$*#$% 81’5’86"59% 4.% "2B*5*8’7% 84"..*8*"#69%F*61%
6*2"% ’#<% 9B’8"@% 61"% 24#617?% 9*#$7"% 96’6*4#% 24<"7% 1’9% 61"% 1*$1"96% .*66*#$% ’88+5’8?% 4.% &A%
f":"561"7"99@, .45, 61", 9’2B7",C+’#6*6?, 4., *6, *9, 74F@, 61", 96’;*7*6?, 4., 61*9, g*#<, 4.,24<"7, *9, ’794, 74F,
=*A"A, 61", 9C+’5", 4., 8455"7’6*4#, 84"..*8*"#6,^J, *9, 74F>A,042;*#*#$, ’77, 61", 84#9*<"5’6*4#9, ’;4:"@,F",
+9", 61", 9*#$7", 96’6*4#, 24<"7, 64, 9*2+7’6",&A, 04"..*8*"#69, 4., *6, .45,& 9*2+7’6*4#, 8’#, ;", .4+#<, *#,
\’;7",TA

Model Model Number R� MABE (MJ m���day��) MARBE (%) 

Unified Model  1 0.92 0.83 10.85 

Monthly Model  12 0.89 0.72  9.45 

Note: For monthly model the statistical figures are the mean. 

\’;7",L,,Z6’6*96*89,4.,<*.."5"#6,24<"79,
.45,145*G4#6’7,<*5"86,947’5,5’<*’6*4#,9*2+7’6*4#

Month a b c R� n 

1 0.3192 0.9659 0.6107 0.88 527 

2 0.3148 0.7158 0.3111 0.88 539 

3 0.2917 0.5367 0.1162 0.85 543 

4 0.3529 0.6715 0.1846 0.83 548 

5 0.3275 0.6443 0.0394 0.86 541 

6 0.3178 0.8619 0.3426 0.89 544 

7 0.3113 1.0139 0.5062 0.90 550 

8 0.2612 0.7669 0.2949 0.91 545 

9 0.2813 0.8490 0.3292 0.92 541 

10 0.2654 0.7654 0.3125 0.93 541 

11 0.2826 0.7876 0.3466 0.89 534 

12 0.2925 0.8179 0.4794 0.90 519 

n is the sample length 

\’;7",J,,04"..*8*"#69,’#<,96’6*96*89,4.,24#617?,24<"79,
.45,61",145*G4#6’7,<*5"86,947’5,5’<*’6*4#,9*2+7’6*4#

TTJ



!"#$%"&’$()*+,)(-"./*,0*)"%(1$*#,-2%*%2)"2$",.*,.*%’//()*$(%%2".

3,%* $4(*#"./-(*#$2$",.*+,)(-*1,.#")(%()* $4(*142./"./*142%21$(%#*,0*(+5"%"12-*1,(00"1"(.$#*6"$4*
#521(7* $4(* #52$"2-* )"#$%"&’$",.* ,0* $4(+* #4,’-)* &(* /,$* 0"%#$8* 9#"./* $4(* 0"$$()* (+5"%"12-* 1,(00"1"(.$#*
,0* $4(* :;* #$2$",.#* <=2&-(* >?7* #52$"2-* )"#$%"&’$",.* ,0* $4(* (+5"%"12-* 1,(00"1"(.$#* <!"7* #"?* 0,%* $
#"+’-2$",.*"#*/(.(%2$()*&@* ".$(%5,-2$",.*+($4,)*,0* A.B(%#(*!"#$2.1(*C("/4$* <A!C?8*D11,%)"./* $,*
$4(* #52$"2-* )"#$%"&’$",.* +257* (+5"%"12-* 1,(00"1"(.$#* 0,%* $ #"+’-2$",.* ,0* $4(* EF>* +($(,%,-,/"12-*
#$2$",.#*2%(*/,$8

G’&#$"$’$(*(H’2$",.*<>?*".$,*(H’2$",.*<:?*/"B(#*(H’2$",.*<;?I
* * * * * * * * ** * * * * * * * * * * * * ** * * *$# J*$K<!% L*#"!&? <E*! !? E*! (M5 N#&’ <E*! &?! "# $* <;?
9#"./*(H’2$",.*<;?*$,*#"+’-2$(*$# ,.-@*.(()#*)2$2*,0*5(%1(.$2/(*,0*#’.#4".(*2#*".5’$8

G$2$"#$"1#*#4,6*$42$*’#"./*(H’2$",.* <;?* $,*#"+’-2$(*$# $4(*ODPQ* "#*K8RK*OS*+NT*)2@NE* 2.)* $4(*
ODUPQ*"#*EE8VWX8
!"! #$%&’%( )’*&+’,-&’./ .0 1.+’2./&%( 3#4 5!"6 ’/ &17 87((.9 4’:7+ ;%*’/
9#"./* $4(* )(B(-,5()*+,)(-#7* +,.$4-@*$# H’2.$"$"(#* ,0* 2--* +($(,%,-,/"12-* #$2$",.#* 0%,+* ERFK* $,*
TKKK*2%(*/,$8*=4(.7* ’#"./* A!C*".$(%5,-2$",.*+($4,)7*+,.$4-@*$# H’2.$"$@*6"$4* 2* %(#,-’$",.*,0* E*
Y+!E* Y+* 2%(* /(.(%2$()8* A.* ,%)(%* $,*+2Y(* $4(* ".$(%5,-2$",.* 211’%21@* 2#* 4"/4* 2#* 5,##"&-(* 2.)* ".*
B"(6* ,0* $4(* 021$* $42$* $4(* #$2$",.* )(.#"$@* 42#*+’14* ".0-’(.1(* ,.* $4(* ".$(%5,-2$",.* 211’%21@7* $4%((*
Y".)#*,0*$# )2$2#($#*2%(*’#()*".*$4(*".$(%5,-2$",.*5%,1(##8*=4(@*2%(I

<E?*!"%(1$*$# ,&#(%B2$",.*)2$2#($*,0*#,+(*+($(,%,-,/"12-*#$2$",.#7*.,*(#$"+2$",.*(%%,%8
<T?*$# #"+’-2$()*)2$2#($* &@* ,&#(%B2$",.* )2$2* ,0*$ ,0* #,+(*+($(,%,-,/"12-* #$2$",.#* <"8(8* ’#"./*

(H’2$",.*<:??8
<:?* $# #"+’-2$()* )2$2#($* &@* ,&#(%B2$",.* )2$2* ,0* 5(%1(.$2/(* ,0* #’.#4".(* ,0* +,#$* ,0*

+($(,%,-,/"12-*#$2$",.#*<"8(8*’#"./*(H’2$",.*<;??8

Model Model Number R� MABE (MJ m���day��) MARBE (%) 

Unified Model   1 0.91 1.24 8.64 

Monthly Model  12 0.70 1.22 8.47 

Single Station Model  35 0.95 0.85 5.97 

Monthly Single Station Model 420 0.60 0.77 5.42 

Note: For monthly model the statistical figures are the mean. 

=2&-(* :** G$2$"#$"1#* ,0* )"00(%(.$* +,)(-#* 0,%* $4(* 4,%"Z,.$2-* /-,&2-* #,-2%* %2)"2$",.*
#"+’-2$",.*<!"00(%(.$*+,)(-#*2%(*(#$2&-"#4()*&2#()*,.*)"00(%(.$*)2$2#($#*2#*".5’$8?

Station_ID Station Name a��b��Station_ID Station Name a� b� 
52267 Ejinaqi 0.3046 0.4552 53963 Houma 0.1886 0.5058 

52533 Jiuquan 0.2931 0.4269 54527 Tianjin 0.1362 0.6018 

52681 Minqin 0.2021 0.5316 54764 Fushan 0.1598 0.5429 

52754 Gangcha 0.1549 0.6814 54765 Yantai 0.1017 0.6044 

52818 Golmud 0.2739 0.5388 54823 Jinan 0.1015 0.6086 

52866 Xining 0.1810 0.6025 54936 Juxian 0.2561 0.4200 

52889 Lanzhou 0.2006 0.5001 56029 Yushu 0.1835 0.6388 

53068 Erenhot 0.1924 0.6000 56043 Golog 0.2225 0.5988 

53336 Haliut 0.2066 0.5575 56137 Changdu 0.2205 0.5968 

53463 Huhhot 0.1081 0.7082 56146 Ganzi 0.3046 0.4899 

53487 Datong 0.1804 0.5888 56173 Hongyuan 0.1770 0.6579 

53543 Dongsheng 0.2200 0.4892 56196 Mianyang 0.1682 0.5934 

53545 Altan Xiret 0.0919 0.6641 57006 Tianshui 0.1978 0.6287 

53614 Yinchuan 0.2364 0.5060 57036 Xi�an 0.2119 0.4693 
53772 Taiyuan 0.1628 0.5833 57083 Zhengzhou 0.1957 0.4840 
53817 Guyuan 0.1689 0.5743 57178 Nanyang 0.1860 0.4966 
53845 Yan�an 0.1936 0.4667 57245 Ankang 0.1930 0.4738 
53898 Anyang 0.2349 0.3798     
 

=2&-(*>**[,(00"1"(.$#*".*$4(*4,%"Z,.$2-*/-,&2-*#,-2%*%2)"2$",.*#"+’-2$",.*+,)(-#*,0*
:;*#$2$",.#*<Q214*+,)(-*"#*(#$2&-"#4()*&2#()*,.*#"./-(*#$2$",.*)2$2#($*2#*".5’$8?

>>:



!"#$%&’#(%)*+,-*#.’(,/*+,01’#$2*#$,!" #$%

! "#$%&$’ (&)%*&+,%&-. -/ 0"1 -/ *,223( %3**$&. -/ %43 53’’-6 1&73* 8$)&.

34*#$,"5+’6*7#%89:;%<72=*#">,?*61,61",<’@<+@’6">,A"4+@64,7.,&B!";,&B,’#>,&’;,4C’6*’@,>*46A*=+6*7#,7.,
27#61@D, EFG, 5+’#6*6D, ?*61, ’, A"47@+6*7#, 7., H, I2!H, I2, 7#, A+$$">, 6"AA’*#, J&’#$:, 7., 61",&"@@7?,
G*K"A,L’4*#,*4,$"#"A’6">,’#>,D"’A@D,EFG,5+’#6*6D,*4,$76,’<<7A>*#$@DM

N*$+A"O 9, >"C*<64, 61", C’66"A#, 7., #7A2’@4, 7., ’##+’@, EFG, 5+’#6*6D, 7#, A+$$">, 6"AA’*#, 7., 61",

N*$+A",P,,FC’6*’@,>*46A*=+6*7#,7.,#7A2’@4,7.,>*A"<6,47@’A,A’>*’6*7#,5+’#6*6D,7.,HQRBS9BBB,
*#,61",+C46A"’2,27+#6’*#7+4,’A"’4,7.,61",&"@@7?,G*K"A,L’4*#

N*$+A",9,,E*46A*=+6*7#,7.,#7A2’@4,7.,’##+’@,>*A"<6,47@’A,A’>*’6*7#,5+’#6*6D,7.,
HQRBS9BBB,7#,A+$$">,6"AA’*#,7.,61",&"@@7?,G*K"A,L’4*#
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!"#$%"&’$()*+,)(-"./*,0*)"%(1$*#,-2%*%2)"2$",.*,.*%’//()*$(%%2".

3(--,4* 5"6(%* 72#".8* ".* 49"19* (219* /%")* 62-’(* %(:%(#(.$#* 2* +(2.* ,6(%* 2* ;* <+=* 2%(2>* ?$2$"#$"1#*
#9,4#* $92$* .,%+2-#* ,0* $9(* 26(%2/(* 2..’2-*!?5* @’2.$"$A* B">(>*!"!"C* ,0* $9(*3(--,4*5"6(%* 72#".* "#*
=DE;* FG* +H=>* I%,+* I"/’%(* =* 4(* 12.* 0".)* $92$J* $9(* 2..’2-* !?5* @’2.$"$"(#* ".* $9(* 4(#$(%.* 2.)*
.,%$9(%.* :2%$#* ,0* $9(* 3(--,4* 5"6(%* 72#".* 2%(* 9"/9* 2.)* $92$* ".* $9(* (2#$(%.* 2.)* #,’$9(%.* 2%(*
%(-2$"6(-A* -,4K* L($2,* M-2".* 2.)*N%),#O M-2$(2’* 926(* $9(* 9"/9(#$*!?5* @’2.$"$A* ,0* P=QQHRSQQ*FG*
+H=K* T"./92"* M-2$(2’* ".* $9(* ’:#$%(2+* 2%(2#* 92#* $9(* #(1,.)* 9"/9(#$* !?5* @’2.$"$A* ,0* =EQQHPUQQ*
FG*+H=K* 2.)* $9(* #,’$9(2#$(%.* :2%$* 92#* $9(* -,4(#$*!?5* @’2.$"$A* ,0* ;UQQH=RQQ*FG*+H=>* V9(* !?5*
)"#$%"&’$",.*:2$$(%.*,0* $9(*3(--,4*5"6(%*72#".* "#*+2".-A* %(-2$()* $,* $9(* 021$#* $92$* $9(* #,’$9(2#$(%.*
:2%$*,0*"$*"#*0’--*,0*42$(%*62:,%*#,*92#*9"/9*1-,’)*1,6(%*211,%)"./-A*2.)*$9(*4(#$(%.*2.)*.,%$9(%.*
:2%$#*,0*"$*2%(*,.*$9(*,$9(%*92.)8*.2+(-A8*2%(*#9,%$*,0*42$(%*62:,%*2.)*926(*-,4*1-,’)*1,6(%>

I"/’%(*P*:,%$%2A#*!?5*@’2.$"$A* ".* $9(*+,’.$2".,’#*’::(%* %(219(#*,0* $9(*3(--,4*5"6(%*72#".>*
I%,+*$9(*1,-,%*,0* $9(* 0"/’%(8*,.(*12.*(2#"-A* 0".)* $92$* ".0-’(.1()*&A* -,12-* $,:,/%2:9"1* 021$,%#8* ">(>*
2W"+’$9*2.)*#-,:(8*$9(*2..’2-*!?5*@’2.$"$A*,6(%*+,’.$2".,’#*2%(2*92#*2*1-(2%*#:2$"2-*)"00(%(.1(K*
2.)* $9(*2..’2-*!?5*@’2.$"$A*,0* #’..A* #-,:(* X,%* #,’$9(%.*#-,:(C*,0*+,’.$2".#* "#*,&6",’#-A* -2%/(%*
$92.*$92$*,0*#92)A*#-,:(*X,%*.,%$9(%.*#-,:(C>

! "#$%&’#(’ )$ *)+),-.+/0( $.(*)-1 )# 234 5&.#*0*6 )$ -&,,’7 *’--.0#

I%,+*(@’2$",.#* X;C* 2.)* X=C*4(* <.,4* $92$* $9(* 1,.6(%#",.* 021$,%*#" X$9(* %2$",* ,0*Y?5* @’2.$"$A* ,0*
%’//()* $(%%2".#* $,* $92$* ,0* 0-2$*:-2.(#C* 12.* %(:%(#(.$* $9(* ".0-’(.1(#*,0* $(%%2".* ,.*!?5>* I,%* 0’%$9(%*
2.2-A#"#*:’%:,#(8* #:2$"2-*)"#$%"&’$",.#*,0*$" ".* $9(*3(--,4*5"6(%*72#".Z 2%(*/(.(%2$()>*72#()*,.*
$9(* #,-2%* %2)"2$",.* 12-1’-2$",.* %(#’-$#* ,0* $9(* 3(--,4* 5"6(%* 72#".8* 1’%6(#* ,0* $" 6(%#(* #-,:(* ,%*
2W"+’$9* 2%(* /(.(%2$()* XI"/’%(* RC>* [.* I"/’%(* R8* Q,* )(.,$(#* .,%$9* 2W"+’$9* 2.)8* ’.)(%* 2* 1-,1<4"#(*
)"%(1$",.8*DQ,*)(.,$(*(2#$*2W"+’$98*;UQ,*#,’$9*2W"+’$9*2.)*=\Q,*4(#$*2W"+’$9>

I"/’%(* R2* #9,4#* $9(* 1’%6(#* ,0*$" ,0* )"00(%(.$* +,.$9#* 6(%#(* 2W"+’$9#8* 4"$9* -2$"$’)(* ,0* P=,]*
2.)* #-,:(* ,0* ;Q,>* [.* I"/’%(* R28* ,.(* 12.* 0".)* $92$* $9(* 1’%6(* ,0* G2.’2%A* 92#* $9(* -2%/(#$* %2./(* ,0*
62%"2$",.* X">(>* 0-’1$’2$",.* 2+:-"$’)(C* 2.)* N1$,&(%* ".* $9(* .(^$O :-21(KO _:%"-O 2.)O G’-AO 926(O 2O
%(-2$"6(-AO #+2--O %2./(O ,0O 62%"2$",.>O V9(%(0,%(8O 4(O 12.O )%24O $9(O 1,.1-’#",.O $92$O ".O $9(O 1,-)O
92-0HA(2%O $9(O (00(1$O ,0O 2W"+’$9O ,.O!?5O "#O -2%/(%O $92.O $92$O ,0O $9(O42%+O 92-0HA(2%>O [.O G2.’2%A8O$"

,0O #,’$942%)O #-,:(O "#O ,&6",’#-AO /%(2$(%O $92.O ;8O #,O "$O /($#O +,%(O !?5O @’2.$"$AO $92.O 9,%"W,.$2-O
-2.)KO 49(%(2#8O$" ,0O .,%$942%)O #-,:(O "#O ,&6",’#-AO #+2--(%O $92.O ;8O #,O "$O /($#O -(##O !?5O @’2.$"$AO
$92.O 9,%"W,.$2-O -2.)>O [.O N1$,&(%8O $9(O :2$$(%.O ,0O $9(O 1’%6(O "#O #"+"-2%O $,O $92$O ,0O G2.’2%A8O 49(%(2#O
$9(O ".0-’(.1(O,0O2W"+’$9O,.O$" "#O #+2--(%O $92.O $92$O,0OG2.’2%A>O [.O_:%"-8O $9(O ".0-’(.1(O,0O2W"+’$9O
,.O$" "#O(6(.O#+2--(%>O[.OG’-A8O192./(O,0O$" 4"$9O2W"+’$9O"#O.,$O,&6",’#KO.,O+2$$(%O492$O2W"+’$9O
"#8O$" 2::%,219(#O ;O &’$O #+2--(%O $92.O ;>O I%,+O $9(O ".$(%#(1$",.O :,".$#O ,0O $9(O 1’%6(#O ,.(O 12.O 0".)O
$92$O.,O+2$$(%O492$O+,.$9O "#8O$" ,0O (2#$(%.O2.)O4(#$(%.O #-,:(#O "#O 2-42A#O 2::%,^"+2$(-AO (@’2-O $,O
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