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The economic impacts of a major disruption to seaports and their associated transportation infrastructure can be extensive and
can affect people in a region unequally. To estimate the aggregate and distributional economic consequences of such
disruptions, we developed an integrated transportation-socioeconomic analysis model to analyze the impacts of port and
transportation network disruptions and the effectiveness of resilience tactics across socioeconomic income groups. The
integrated model is applied to a simulated earthquake scenario that affects the Ports of Los Angeles and Long Beach and their
associated inland highway freight transportation network. The total GDP losses stemming from port disruptions, hinterland
transportation cost increases, and general building damages from the simulated earthquake scenario are estimated to be $20.7
billion in the Los Angeles Metro Region and $25.8 billion in the U.S. Various resilience tactics can help reduce the GDP impacts to
$12.1 billion in LA and $11 billion in the U.S., representing a loss reduction of 41.3% and 57.6%, respectively. The lower level of
impacts on the U.S. economy as a whole is due to a shift of economic activity to areas outside of California, representing a GDP
increase of $1.3 billion in Rest of the U.S. The distributional analyses indicate that the percentage impacts are a relatively higher
proportion of income for the lower- to middle-income groups for port disruptions but are higher for the middle- and higher-
income groups for general building damages.
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Z"HI'<7#9-,!-/leMOIMIA'S5/$!I'$! @:1#%$;1eMMIA'E5'/$!I'$!-3&!) 1 LI (1+ &7 +&,&$-"$CI#!5/,,1+&;29-'/$!/0 YMISQ#$;!
UWIVQ(1+&,7&9-*8B3&!5/D&+!5&*&5!/0'<7#9-,1/$!-3&!)1111&9/$/<.\#,1#!D3/5&!",1;2&!-/'#1,3'0-1/0
&9/$/<'HO-"*'- |-[IH#+&H#,1/2-";&!/014#5'0/+$ #(1+& T +&,&$-'$CI#IZ"H!'$9+&+#,&!/0leMISIA'S5'/$!'$!=&,-1/0!-3&!
NINE3&!; -+ A2- IHBHSH5.,&,'S; 9#-&!-3#-1-3&! 7 &+9&S$-HC&!'<THO- | 1#+&!#!+&5#-"*&5.13'C3&+!7+/7/+-'/$!
/01'$9/<&!0/+!-3&!5/D&R¥/!<';;5& RBI/<& IC+/27,10/+17/+-1;'+27-'1$,('A2#+8&3'C3&+!0/+!-3&5& R
#$;!13'C3&RPI/<&!C+/27,10/+!C&$&+#5!A2'5;'$Cl#<HCE&,
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B,0%&#-&!+6#3X(=0

P6:T$'-&;11-#-&,1P2+&#21/0169/$/<'OL:$#5.,'
PNT!P2,'$&,,IN$-&++207-'/$
P@1T!)$-&;!1-#-&,1P2+&HBON/+11-#-' D,
461TI4/$,-#$-165#,-'9'- 1/O112A,--2-'/%
AZ6TIAI<T2-#AB&IZ&S&+H5162'5' A+'2<
"&5#.TIQ&3 IBL+ R&5#.&;]

ab[: T!a&;&+#5!6<8+C&$9.I[#$H#CE<&S-:C&BI.
Z"HTIZ+],1"/<&,~9IH+/:29- |
B"ETIB&#*.I"2-.IE+29G

B?QT'CIRI927#$9 R&3'95&!B2Q
BEL1T!IB#+</$'h&;|E#+'00!193&;25&
NN=TIN$3&+&$-1=&,'5'&SI&IT'ST2-1, 2A,--2-[$(1'<T/+-1, 2A,-'-2- [S(HS;1 7+/;29-/SHO-'*'- 1+ &5/ 9#-'/$K
@?1T!@ ROEBA-9&

[IN"[TI[25-' R&O-/+INSO/<&!" -+ A2-/$I[#-+LI
FNALTIF/+-36&+9#INS; 2, -+.145#, '0'O#-"/$I1. -&K
F=NT!F&-D/+G!=/A2,-$&,,IN$;&L
261T129927#-'$#516<75/.<&$-11-#-' -'0,
H&[1T!a+&&D#.IH&+0/+<H#$O&![8#,2+8&<8&S$-11.1-&<
14:Z1=E"[T11/2-3&+$!4#5'0/+$#1, [9'#-'$!/01Z/*&+$<&S-,|=&C '[$H#5|E+#*&5![/:&5
14:ZT11/2-38+$14B0/+$H1:, /9'H-/SI/01Z/*E&+$<&S-, |
16=T!1-#-'9169/$/<'91=&,'5'&H9&
E:>TIE+#00'9L$#5., 1>/5&

E6=[ TE3&!6$/+</2,|=8C'/$#/:&5 !
EE"TIE/-#5IE+#*&5!" -#598&
EEET!E/-#5IE+#+&51E'<&

QBET!Q&3HE@+ FE+#+&5&;

Q[ETQ&3'9FREE, FEE+#*&5&;

)BT!),&+16"2'5'A+'2&
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"HPYH&SH H(%D!)%0(& Yot * 1#+! &*%0-%&'S&! #!1"&/0#1.1/'2!
3%456/7181/*0#1./.%#"19&.6#1:1)%*1;0.%#'

FG(+$%,5(8.$==*&7

1&+*'$CI#,19+'-'O#E 7/ HIGBHISH-' 1SN, 2775 R3H'S(!, &# 7 /+- [ #S13&'H, /9 H-&; - +#$, 7/+-#-'[$!
'$O+#,-+29-2+&!#+&!&, 7&9'#55. 1" 25$ & «HNBE AL 7-'/$,10+/<#*#+'&-.1/019#2,&,IE3&!&9/$/<'9!
'<T7#9-,1/01-3&,&!" #,-&+,| HPIALI&L-&$, *&!D&S5IA&./$;!-3RY&! /7 &+#-'[$,1#-1-3&T [+-19/<75&L (!
-3+/2C3!-3&!,277W3#'$!&00&9-,1/0!-3&!;',+27-'1$,1#$;c/+!;&5#.,1/01;&5*&+'$CI'<7 [+-,1#$;1&L 7/+-,10+/<!
7/+-1-/1-3&'+1,&,-'$#-'/$,1#$; ¥ 9&I* &+ #I[#$.1,-2;'&,  13#H*&&,-'<#-&;!-3&!;'+&9-1#3;!'$;'+&9-I'<7#9-!
[01-+#8$,7/+-#-'I$1$&-D/+G!;',+27/$,'SI C&S&A#EIHS; 1 7/+-1;',+27-'[$, 'S T#+-'925#+(1#%;10/2$;!-3&<!-/!
A&!'2'-&!'C$'0'9#PBY/D&*&+(!</,-1/0!-3&!&9/$/<'II'<THI-I#H5.,', |<&-3/;, 1#83;!</;&5,!'$!-3&!&L",-'$C!
5'-&+#-2+&10/92,!/$!1#!,'SC&!"$O+#,-+29-2+&I19/<7/$&$-1I#'+ 7/ +- (1, &H# 7 [+ & BHK (@GR 0#'5!-/!
'$O/+T7/+#-&!-3&!, T#-'#55.1;'-+'A2-&; #$;1$&-D/+G!$#-2+&!/0!-+#$, 7/+-#-'/$!'$0+#,-+29-2+&,I1INS!#;; - /$(!
-3&+&I#+&!/$5.1#13#$,025!/01,-2;'&, 1#; & 2#-&5.19/$,";&+&;1#$;10#9-/+&;!'$!-3&!&00&9-!/01+&,'5'&$9&!'$!-3&!
&9/$/<'II<TH#I-I</;&5'SC! /01 7/+-1#$;|-+#$,7/+-#-'/$!$&-D/+G!;', +27-'/$, 1+ &/*&+(!;' #,- &+, 1#S$;!
-3&'+I'<THI-,1/$19+'-'O#5'$0+#,-+29-2+&!;/1$/-1#00&9- 1#55! TRABRI$I& 2#581-2;'&,13#*&!,3/D$!
-3#-1-3&I7/[+1#+&!1-. 7'9O#55.1#00&9-&; 1 7+/7/+-'1$H# BN $!+ &5#-'[$!-/1-3&'T & +,/$#589/<&, |- 3#PI#H+&!
-3/,&1'$1<";;5& BE$;1277&RPI/<&IA+#IG&AI!

EN&,-'<#-&-3&HCC+&CH-&!#S$;!;'-+'A2-'/$#5!&9/$/ 9, & 2&$9&,!/012931" #,-&+,(ID&} &*&5/7&; !
5'$@&; +&C'/SHE!-+#3, 7/+-#-'/$1$&-D/+GI</;&5!#3; #!<PB&C'/$#5!9/<72-#AS& ! C&HEE 2'5'A+'2<
JAZ6K/;&5!3-3&E6=[4Z6][/;&5K IIINS$!#;;"-'/$(ID&#5,/\&*#52#-8&!+/5&!/0!+&,'5' & FRH ., |-/!
+&;29&!-3&!'<7#9- 10, +27-'1$,1-/"'<T7[+- \#$;1&L7/+-,1-3+/2C3!,293!-#9-'9,1#,I'$72-1,2A,-'-2-'/$,(12,&!
[0V'$*&$-/+'&,(9/$,&+*#-'1$(1+&,93&;25'$C!/0!&9/$/<'91#9-*'-'8dt, | D&S5H)I +&; 29&!-3&!'<7#9-,/0!
-+#$, 7/+-#-'1$1$&-D/+ G, &C+#;#-'1$,1-3+/2C3I</+&+#7"1[7&$'$C!/019+'-'9#519/+ HUb& W5, /!
'$-&C+H#-&;#I<2BRRKI-/+I'$9/<&!;' -+ A2-'/$I<#-+'LIJ[IN"[K!I'$-/1-3&!</;& 5'$CI0+#<&D/+G!-/'#$#5.b&!
-3&I'<THO-,1/OV7/+-1#$;|-+#8$,7/+-#-'[$!1$&-D/+G!;' +27-'/§#$;!-3&!&00&9-*&$&,,!/0!+&,'5'&$9&!-#9-'9,!
#9+/,,1,/9'/&9/$/<'9!'$9/<&!C+/27,11! !

E38#$#5.,' +&,25-/0!-3&!,'<25#-&;1&#+-3 2#G &!, 9&$HE; O#-&!-3#-!"-1-#G &, MU_!;:#0/+!-3&!17/+-,!-/!
0255.14&9/*&+10+/<!-3&!,'<25#-&;L & +INE3&!-/-#51Z"H!'<7T#9-,1,-&<<'$CI0+/<IA/-3I'<7[+-1#$;1&L 7 /+-!

L H27-1$ 1 #+&I&,-'<#-&;1-['A&IeMMI]IA'ES/$!'$1-3&! @:![&-+/1=&C'/$!#3$;!e VWIU!A'55'/$!0/+!-3&!) 11! A&O/+&!
+&,'5'&$9&INE3&, &!'<7#8B+ 8+ &;29&!-/'eMIUIA'55'/$1#$;1eXI YIA'SS /$BEHD : [ &-+/'#$; - 3&!) 11 1(!
+&,78&9-*&BH0-&+!D&!-#G&!'$-/19/$,"; & +#-'[$!-3+&&I<#\/+!-.7&,!/0I'$3&+&P-1&9/$/<'91+&,'5'&$9&! I $72-!
2A--2-19(1<T[+-1,2A,--2- 1S (1#$; 1+ & CH$#5!7+/;,29-'1$),3'0- K I-3#- 1#+ & H<#-'9#55.19#7-2+&;1A.1-3&!
E6=['4Z6![/;&51!:0-&+!D&!9/$,";&+!-3&!/-3&+!-.7&,1/0'$3&+8&$-1+&,'5'&$I&!-#9-'9, 1#$; 1#;#7-*&!
+&,'5'&$9&!-#9-'9,(1-3&!-/-#5I'<T#9-,1#+&102+-3&+!+&;29&;!-/le_IOY!A'55'/$!'$-3&! @:![&-+/'=&C'/$!#$;!le_IVU!
A'S5/$I'$I-3&NILINMS-/$(1-3&!#<H#HC&!-/1-3&!I3' C3DH.I-+#$, 7/+-#-'[$!,.,-&<!#5,/19#2,&,'#!_IUSQ!
'$O+&#,&!'$I-+29G!-+#3,7/+-#-'1$19/,-ID'-3'$!-3&! @:![&-+/!=&C'/$!#3$;#!_1IOVQ!'$9+&#,&A&-D&&S' @:!
[&-+/'=&C'/$'#$;!=&,-1/014:11/$!#P1#SS2#5!|A#," KINE3&!&,-'<#-&;1Z"H!5/,,&,|9#248&!-3&!-+29G!

-+#S$, 7/+-#-'1$19/,-I'$9+&H#,&, 1#+&!/$5.1eMU!<'55/$!'$!-3&! @:![&-+/'=&C'/$! A&9#2,&!/0!-3&!3'C3!
+&;2%;#$9.!/0!-3&!-+#$,7/+-#-'/$1$&-D/+GIE3&!,'<25#-&;!,&',<'91&*&$-, 1#5,/1+&,25- 'S, #<#C&,!-/1-3&!
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C&$&+#5IA2'5;'$C! {IBGI-/-#51Z2"H!5/,,& \&,-'<#-&;!-['A&!leMXIO!A'55'/$!'$! @:![&##;! eMVIUIA'ES'/$
'$1-3&!)11ID'-31$/1+&,'5'&$IBE 3&!'<T#9-, I#H&&;29&;!-/'leMMI!A'S5H+! @:1#3$;'eM_IM!A'55'/$!10/+!-3&!

)11 #0-&+!-3&1#:\2,-<&$-10/+1+&,'5'&$9&INE3&!S/D&+!'<T#9-, 1#-1-3&!$#-'1$#5 | SRS IB&EN0, &--'$C!
&00&9-!,-&<<'$CI0+/<I+&C'/$#5!7+/;29-'1$!,3'0-,10+/<!-3&!&#+-3 2#G&!'<T#9-&;!+&C'/$!-/1/-3&+!+&C'/$,!
'$1-3&19/2%-+.INE3&I9/<A'$&;!,'<25#-'/$!/01#55!-3+&&!-.7&,1/0!;',+27-'1$,c;#<#C&,!.'&5;,12"H!5/,,&,!/0!
eMOIM!A'55'/$!10/+!1-3&! @ [&&EL'/$'#$;leM_IXIA'55'/$!10/+!1-3&!)I1111#0-&+ID&!9/$,"; & +1#55!-3&!+&5&*#$-!
+&,'5'&$9&!-#9-'9,INE3&!5/,,1+&;29-'/$!7/-&$-'#5!/01+&,'5'&$9&!" | YMISg!#-1-3&!+&C'/$#5!5&*&5!/0! @: 1#$;UWIV
#-1-3&I$#-'/$#5!5&*&51!!

E3&!I'$9/<&!;' -+ A2-'I$!#$#5.,&,10/+!-3&! @:![&/'=&C'/$!'$;' 9#-&!-3#-B&!'"$9/<&!5/,,&,!,-&<<'$C!
O+/<I7/+-1;',+27-'1$,1#+&IA/+$!,5'C3-5.1;", 7+/7/+-'/$#-&5.|A.15/D¥#8; !<';;5& RBI/<&!C+/27,IIIE3&!
=&,'5'&$9&!4#,&10/+17/+-1;',+27-'1$,1+&,25-,'$I#1 Z'$'19/&00'BES- !, 5'C3-5.15/D&+!-3#$!-3& ! AHH&!
5&*&Bb;'O#-'$CHI</+&!& 2'-#AB&!;",-+'A2-'/$!/0I'$9/<&K(ID3'93!" | &L 75#'$&; | A.1-3&!10#9-1-3#-1-3&*#+'/2,!
+&,'5'&$9&!-#9-'9, 1#+&!I</+&! &O0SHEZ2 B A-3&!'<7#9-,1'$!-3&!,&9-/+,!-3#-1&<75H&5#-* &5 /M &!
7&/75&!0+/G/D&RBI/<&!C+/27,NNE3&!Z'$'19/&00'9'&$-,!/0!-38p, 7/+-#-'/$19/,-I'$9+&#,&!#3$;| C&$&+#5!
A2'5;$ClL#<#CB#,&,!,&9+8&#,&!9/<TH#H+&;!-/I-3&!A#,&5'$&!5&*&5(!D3'93!'$;'9#-&,I-3#-1-3&!'$9/<&!5/,,&,!
-&<<'$CI0+/<!-3&,&!-D/V;' #,-&+;',+27-'1$,C;H<H#HC&,! IH#-&C/+'&F+&A+S!;, 7T+/7/+-'/$#-&5.1A.]

<';;5& P#$;!13'C3&RPI/<&!IC+/27,1111'$9&!-3&!'<7#9-,1/0IC&$&+#5!A2'5;' $C!#<#C&,1#99/2$-10/+/*&+!X_g!
[01-3&!-/-#5I'<7#9-,I'$!-3&! @:![&-+/'=&C'Y$!-3&!,'<25#-&;!,&',<'9&*&H-3&!9/<A'$&;!,'<25#-'/$!/0!
#55!-3+&8&!-.7&,!/012#'/$,C;#<#HC&,'#5,/1.'&5;!5/D&+1Z2'$'19/&00'9'&$-,!-3#$!'$!-3&!IA#, &5 $&IES' | 9#$IA&!
&L75#'$&;!A.1-3&10#9-1-3#-1#13'C3&+!7+/7/+-'I$! /0! REEHB&; '$I/<&!" | &#+$&; | A.13' CBRI/<&!

C+/27 NE3&+&0/+&(!-3&,&!'$O/<&!C+/27 \#+&&LT7&9I-&;!-/'&LT7 &+ RIQ&IFHI 7 /+-'/$!/0I'$9/<&!
5/,,&,10+/<I7+/7&+- . 1#<#C&I
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H: B%6H#ES$+9&#3

1&+*'SCHOH-'IHE! 7 [+-HDWHISH-' IS, 2775 R3H'S(! &# 7 /+-,\# S 13& +1#, [9'H-&; ' $EHP-+#S, 7/+-#-'/$!
'$O+#,-+29-2+&!#+&!&, 7&9'#55. 1*25$ & «HNBE AL 7-'/$,10+/<#*#+'&-.1/019#2,&,'E3&!&9/$/<'9!
'<T#9-,1/0!-3&,&!" #,-&+,! I#BI&L-&BD &S5 A&./$;!-3&!R'-&! /7 &+#-'[$, 1#-1-3&!7/+-19/<75&L (I-3+/2C3!
2775 R3# $92+-#'5<&$H$;c/+!;&5#.,1/01;&5*&+'$CI'<7/+-,1#$;1&L7/4H-[1-3&'+];&,-"$#-'/$, 111 11

& <&SO! +HS, TI+-H-IBl,. -&< F2ESRAHA'S'- ;1 +&,'5'&SO&IZH, ICH S8 ' $O+&H, ' SCIH--&$-/$(!
&, 789'H55 HEOH'$D";&$-, /01 7/+-195/, 2+& ;| -+#$, 7/+-#-'/$!$&-D/+G!;/D$-'<&,10/55/D'$CI<H\/+!
SH-2+H#B: #, -8+ I'SI+&O&S-1. &#+,1], 2931, 1-3&I<H\/+I'<THO- 101127 &+ -[+<11#$;.I-/\H/+-1/0IF&D!
h/+GCF&Df&+,&.(1B2++O#S&IN+<#I-/IH/+-,//OIf#IG /$*'55&IHS; [ #<' (IHIMBERIBH-+*&.1-/IH/+-1/0!
BI2,-/SKINHS. -2;'&, I3H#*&QI&,-'<H#-&:1-3&):+&O-HE:I'S; +&I-I'<THO- |/01-+#$, 7/+-#-'$!$&-D/+G!

! 427-1$, I SICESEAHEIHS; T +-1! +27-1$,'SITH#+-'9254+ (1#$;10/2$;1-3&<1-N R H#AT&3/1&-#51(!0__Md!
E,293" #1&-1#51(10_ZMQYS$!I&-#51(10__ YdIfES®51(10_dXi#+GI&-1#51(|CHASI&-1#51(10_MIAAES;!
%&'(10_MSd!i'&1&-#51(1O-MFAIHS: | @#<(10_MUBIL-#5I(10_NV,&I&-1#51(10_KI!

B/D&*&+(!</,-1/0!-3&!&9/$/<'IV'<T#I-1#$#5.,",1<&-3/;,1#$;!</;&5,!'$-+/;29&;!'$!-3& 1&L',-'$C!
5'-&+#-2+&I0#'5!-/I'$9/+7/+#-&-3&!, 7T#-#55.1;' -+'A2-&;1#$;|$&-D/+ G &; $#-2+&!/0!-+#$, 7/+-#-'/$!
'$O+#,-+29-2+&,11E3&!0/92,!" 12 2#55.1/$!#! '$CE&!"$0+#,-+29-2+&!19/<7/$&S$-1I# +7/+-(1, &#7/+-(1A+";,C&('&-9IK
#3$;1-3&+&A.l/<'-,1-3&!'$-&+;&7&$;&$9. &8, I'S!-/,# 1, 1$&-D/+ G &; - +#$, 7/+-#-'1$!,.,-&<,(1,2934#,!
-3&I&LHAI&+AH-$19#2,&; A 19#,9#;'$CI0#'52+&, IE3&+&0/+&(I-/1#93'&*&!#19/<7+&3&S$, * & #$;1+&#5',-'9]
2$;&+,-#$;'$C!/0!-3&!&9/$/<'IV'<T#9-,19#2,&;!A.1-3&!3#b#+;1'$;29&;!;',-2+A#$9&,I'$! &#7/+-,(1-3&!

JTH#-"H#5 -+ A2-SIHS;1-3&!$&-D/+G&;\$#-2+&!/0\-+#$, 7/+-#-'/$],.,-&<, [ #B&'+7/,- R*&S-!

&CHE#-'1$13#, |-\ A&I-HG &S!'$-/1#99/2%-(1#$; 1 +&#5',-'91#$;15/90#55 . 1+ & B &* #$- 1 3#b#+;! 9&$#+/,1<2 - 1A&!
'$O/+T7/[+#-&;1'$--3&!&I/$/<'IV'<THO-1#H5., &, [1a2+-3&+</+&(#,-&+,!#$;!-3&'+!'<T#9-,1/$!9+'-'O#5!
'$O+#,-+29-2+&!;/1$/-1#00&9- #5517 &/FHKIGY$! & 2#53112;' &, 13#*&!, 3/D$!-3#-1-3&! 7//+1#+&!-. 7'9#55.]
#00&9-&;!17+/7/+-'I$#H58/+ &!"$!+&5#-'[$!-/!-3& F&+,/$#B$/< & |- 3#SH#+&!-3/,&!"$!<";; 5&#$; 1277 &R

'$9/<& IA+#9G &, 5&-"(IMX XK $0/+-2$#-&5.(1*&+.10&D!,-2; B#* &#H$#5 .b&I-3&,&!"$9/<&!

;- A2- SN <THO- 1 [#,/b&+#1&-1#51(10_d¥VB#2C3$&,,.|&-1#51(10 KM/+&/*&+(1$/!,-2;'&,!-/!;#-&!
SH&I&LH<'$&;!-3&!I"BI/<&!; -+ A2-'I$I'<THI-,1/0!</+&!-3#$!#R5&9-10&D!+&,'5'&$9&! - DI 3! 3#*& !
-3&H#A'S-1-/1+&;29&!+&C'/$#5!A2,'$&,,I'$-&++27-'/$!9/,,&,

EN&,-'<#-&-3&HCC+&CH-&!#S$;!;',-+'A2-'/$#5!&9/$/ 03, & 2&$9&,/Q;" #,-&+,(ID&3H#*&; &*&5/7 &; !

- $&+CE&-"HTT+/#93!5'SC'BRIB /$H#E!-+#3, 7/+-#SI</;&5#3; 1#1<25-"R &C'/$#5!9/<72-#A5&! C&P&+#5!
& 2'5'A+'2<1</;&5!J-3&!E6=[![/;&5HNE3&!'$-&C+#-&;!</;&5"",1#5,/'9#7#AL&!/0'#$#BIRBD0&IA)!
TI+-14$;1-+#$,7/+-#-'/$1+&,'5' &SRIPH#. I -/1+&;29&-3&'<7#9-,1/0Y;',+27-'1$,1-/I'<T [+- 1#$;1 &L 7 [+- !
-3#2C3!,293!-#9-'9,1#,I'$72-1,2A,-'-2-'1$,(12,&!/0I'$*&S$-/+'&, (19/$,&+*#-'/$(1+&,93&;25'$C!/0! &9/$/<'9!
#9-*-'&, IN/+&/*&+(ID &!9/$,-+29-&;1#$;!'$-&C+#-&; 1 #1<AB&I-/+1'$9/<&!;',-+'A2-'/$!<#-+'LII[IN"[K!
'$-1-3&!</;&5'$CI0+#<&D/+G!-/'#$#5.b&!-3&! ' <THDI+-1#$; - +#$,7/+-#-'/$1$&-D/+G!;' +27-'1$#$;!
-3&1&00&9-*&$&,,!/0!+&,'5'&$9&!-#9-'9,1#9+/,,1,/9'1&9/$/<'91'$9/<&!IC+/27 IE3&!'$-&C+#-&;!</;&5!",!
HTT5'&;-1HY+&*'12,5.)'<25#-&;1&#+-3 2#G&!, 9&$#+'/1-3#-1#00&9-,19/<</;'- 105N 3&H/+-1/0! @/ !
$CEE&, #SH/+-1/0@/$CIP&H#I3#S; - Bk, /9'H#-&;I'$5#S;13'C3D#. - +#$, 7/+-#-'/$!$&-D/+BI

E3&!+&7/+-I"1;*:&;I'$-/1&'C3-1,&9-'/$,INE3&IA#IGC+/2$;!/0!-3&!,-2;.1" 1 7+&,&$-&;'$!11&9-'/$!O(!D3'93!
2<<#+'D&,!-3&!+&, &H#+I3ICHT I'$I#T775.'$C!,. &K &; 1#$#5.," JOI-+#$,7/+-#-'/$!,.,-&<!+&,'5'&$9&!
O+/<IA/-31-3&!-+#$,7/+-#-'1$!,.,-&<I#SH#5.," 1#$;1&9/$/<'IV'<THO-1#S#5.," 1 7&+,78&9-*&,I1IN$!1&9-'/$!S(!
D&I0'+,-17+/*; &1, [<&!A#,'919/$,"; & +#-'/$,!/0!1&9/$/<'91+&,'5'&$9&IN%&!-3&$!;',92,,1&9/$/<'9!+&,'5'&$9&!

M
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

-#9-'9,1-3H#+&IHT TS5 IHASE!-/1-+#$, 7/+-#-'[$!,.,-&<!;',+27-'/$,1'IN$! 1&9-'/$! Y (ID&!"$-+/;29&!-3&!
'$;*;2#51</;25&,1/0!-3&!"$-&C+#-&;1-+#$, 7/+-#-' IR/ &I/S/<'IV'<T#I-1#$#5.,",1</;,&5!D&!
&*&5/7&;INE3&!; #,-&+!,9&$#+'/(1D3'93!',12,&; 1#,1#19#,&!,-2;.(1-/I'552,-+B&D/+G'$C!/0!-3&!
'$-&C+H#-&;1-+#$,7/+-#-"F9'/&/$/<'9!</;&5!" | 7+&,&$-&;!'$! 1&9-'/$!UI!%& !#5,/I'$-+/;29&!-3&!
<&-3/;,-N'&,-'<#-&!-3&!;'+&9-I'<7#9-,1/0!-3&!,'<25#-&;!;" #,-&+!, 9&$#+'/I'$!-3',11&9-' /I E3&!+&,25-,!/0!
-3&!;'+&9-I'<TH#I- 1#+&!7T+&,&$-81&9-'/$IVIE3&! &I/$/<D'; &I#CC+&CH#-&!'<T#9-,1#$;1-3&!

;- A2- 1$HEI'<THI-,1/01-3&!;" #,-&+!, 9&$H+ "1 7+&,&$-&; "B 1&9-'/$IWIN6I/S/<'OI#S; ;' -+ A2-'/$#5!
'<T#9-,|D'-3#$;ID'-3/2-1-3&!9/$,"; &+#-'/$!/0!-3&*#+'/2,1+&,'5' &$9&!-#9-'9, 1#+ & 1#$#5 . D & ; R K- & ; 11!
1&9-'/$117+/*,&,1#19/$952,'/$!/0!-3&!,-2;.1 1!

J;&K*+D26#$8E

=&, &H#+93!'$*&,-'CH#-'SCI-+#$,7/+-#-'1$!,.,-&<,I'$!-3&19/$-&L-1/0Y;' #,-&+,!/+'C'$#-&,!0+/<19/$9&7-, |#$;!
-1/5,'/01-+#;"-'$# 51+ GI#S#5.,"  |E3&+&0/+&(12%;&+,-#3;'$C!,.,-&<!*25$& +#AB3&!9/$,& 2&$9&!
9/<7/$&$-1/0!-3&!D&FBS/DS!K,&-!/0!-+'75&-JK!,GC*25$&+#A'5'-.cI/$,& 2&PIBHRE#S!1#P; | Z#++'9G (!
MX]MK!3#,15/$C!A&&SP!-3&!0/92, I'E/1-3#-1&$;(1-3&+&!" 1#! 2A,-#$-'#B RSP $&-D/+G* 253 & +#A'5'"- .|
Q25%&+#A'L"-10/+1-+#3$,7/+-#-'/$!$&-D/+G,!"1-3&!,2,9&7-'A'5"- I-/'$9"; &$-,|-3#-19#$1+&,25-1'$19/$,"; & +#AS& !
+&;29-'/$,I'$I1$&-D/+G!,&+*I&HAA'S'- IIP&+;'9#10_ OKI!=&,5858&;'$!'- |A+/#;&,-1,&F,&H,1-3&!
#A'5-1/013&),.,-&<!-/1+&;29&!-3&!93#$9&,!/0'#!, 3/9G (I-/'#A,/+Al#!,3/9G!'0!'-1/9B&:, KIS $C!-3&!
#A+27-14+&;29-'/$!/017 &+0/+<#PI&KI#SF;!-/1+&9/*&+!"2'9G5. 1#0-&+# B/ IR T+ BIS/+<#5!
78&+0/+<#$I&KIIP+2$&#2!&-1#5I(NNOOBK, [ H I A+/#; &+ 7&+,78&9-*&!IBBI5'C3-,13/D!-3&!#$-'9"T#- |

#A'5- 1/01*25$&+#A'S'- 1#SHDHY $-&+#9-1D'-3!-3&!</$'-/+'$Chkdowing what to look forK(!+&,7/$;'$C!

Kknowing what to doK'#3$;!5&#+$'$zakwing what has happened to be better prepared for the futureK!
#A'5'-'&,1IB/55$#C&S5!0_MMK!I'$!/+;&+!-/19/$-+'A2-&!-/'#I</+&+&,'5'&$-!,.,-&<J[#--,/$!#$;!{&$&F2,(1O_MUKI

[25-'75&!+&*'&D \/$!-+#3$, 7/+-#-'I$!;', +27-'I$1J#--,/$'#$;!1&$&5'2,(10_MUla#-2+&93"#$; [ 5TRH G, (!
O_MWB#;&<'\&-1#51(10_MB#D!-3&!9/$952,'/$!-3#-1-3&!5'-&+#-2+&!/$!,.,-&<!+&,'5'&$9&!",1<293!5&, !
&L-&$,*&!1'$19/<7#+' [$!-/1-3&!D/+G /$!,.,-&<!*25$&+#A'S'- 1J/+1+/A2,-$&,,KI!1-'55(1+&*'&D,!";&$-'0.!
5'<'-&;1,'CS$,!/0#;/7-'1$/0!-3&!#A2$;#$-1*25$&+#A'S' &IF#-&; |D/+GIA N 7T+H#9-'-'/$&+,(1 7 5#$ S &+, 1#$;!

;&9 ISI<HGE&H,1"2&!-/1'- 1< &$-'1$&;193#+#9-&+',-'Q DYIA&LS ' &*&!-3#-1-3&!+&,'5'&$9&! 7 &+,7&9-*&!/00&+,!
#PUTT/+-28'- '$1#93' &' $CI#9-'/$#AS&!'$,'C3-,|

1-2;'&, 19! ;' +27-'1$!/01-+#$,7/+-#-'[$),.,-&<,1#+&!IC&$&+#55.1C+/27 &;!'$-/!-D/'<#'$!<&-3/;/5/C'9#5!
#-&C/+'&, TI-[7/5/C'IH#5IIC+#T73!-B&HE KD, . ,-&< R\#,&;1#7T+/#93&J[#--,/$1#$;f&$&5'2, (!
O_MUKS$!-&+<,!/0V#-#1+& 2'+&<&$-,(I-/7/5/C'O#EH#TT+/#93&,1/$5.188-28$&-D/+G!-/7/5/C.1-/'A&!
G3/DSI#$;!" 2#%-'0.1-3&!;",+27-'1$!+&5#-&;1<&#,2+&!I+/A2,-$&,,(I*25$&+#A'E'-.(1+&,'5' & HISAUE DIK!
1$1$&-D/+G!&00'9'&$9.1<&-+'9,1,2931#,1-3&!,2<!/0!-3&!;",-#$9&!/0!,3/+-&,-17#-3,|A&-D&&$!#55!$/;&! 7#'+,!
'$1-3&!$&-D/+G(!,'HR!-3&!5#+C&,-19/$$&9-&;19/<7/$&$- (1&-9$!-3&!9#,&! /01 +#3;/<!/[+! -+#-&C'9!
+&</*#5!/0'$/;&,!/+15'$G,[I"&, 7'-&!-3&+!7+#9-'9#5'-.(I-/7/5/C'9#5#,,&,,<&$-,! #9+'0'9&!'$,'C3-,1+&C#+;'$C!
$&-D/+G!,2775.1#$;!,&<#9$;(19/$,& 2&$-5.15&#*' $C!/2-1#19/$,"; &+H#AS&VBHO!-+#3$, 7/+-#-'/$!,.,-&<!

#EH5., 19 ++'&;1/2-1-[;#.138/91&-1#51(1O_MKEHR/*&+(1-/7/5/C'O#HS# T T+/#93&,1#+&!,2A\&9-!-/19+'-"2&!
[$1-3&'+1+&#5' (@1}, +27-'1$ B#2,'$CI&*&S-,1#+&!/0-&$!$/-I5'$C&;!-/1-3&!73.,'9#5!'$0+#,-+29-2+&!
'$*&$-1+'&,!-3+/2C3IO¢<#5!3#b#+; 1#$#5., | 1#$; | #<#HC&I#,,&,,<&$-1<&-3/;/5/C'&]l
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

1.,-&< R#,&;1#T7+/#93&,1/100&+1#1</+&13/5',-'Q1# 77 +/#93!-/-+#$,7/+-#-'[$),.,-&<,|#$#5.," |'E3&.!

+& 2'+&!#10/92,1/$!-3&!"$-&+#9-'/$!/01$&-D/+G!,2775.1#8$;!; &<#$; 1#55/D'$C!0/+<#5!#3$; 1+ &#5',-'9!
-+&#-<&$/0!; +27- P+ &5#-&;1 73&P/<&$#!,2931#,1+&;29&;!5'$CIM#H T#I'-'&, ('$9+&#,&;19/$C&, - 1$(1#$;!
;&9+&H#,'$C1+&;2$,#$9.1'E3', I D#.(1+&,25-'$C!5/,,&,!'$!$&-D/+G!&00" BB #D '<2<! 02$9-'/$#5'- .K!
-3#-1<#$'0&,-1'$!-3&!0/+<!/0ID/+,&$'$C!-+#00'919/$;- /$&# 2#$-'0'&; " &, 7'-&!-3&!IA&S$&O'-, (I-3&,&!
HTT+HI3&, \H+&#-#132$C+.1#$;1+& 2'+ &IOS A+#-&; 1, &<#3$;1#8$;1, 2775 \ RN &55#,!,/73',-'9#-&;!
#$,19/<</$5. T+/T+&-#+.1,'<25#-"/$!75#-0/+<,1/7&+#-'$C!/$!-+#00'9#,,' CP<&P-#5C/+'-3<,!-/1,'<25#-&!
</A'S'- I'N$#;;"-'[$(I'010/+<#5! #<#C&IH,,&,,<&$-I" |-/ A&IH++'&;1/2-1-/!; &-&+<'$&!-3&!*25$&+#A'5'-.1/0!
$&-D/+G19/<7/$&$-,1J&ICI(IA+";C&,(1-2$$&5, (1&-9IK(13#b#+;!,'<25#-'/$!</;&5,!#$;!; &-#'5&;'$0+#,-+29-2+&!
'$*&S$S +'&,1H#+&!I+& 2'+&;1a2+-3&+(IRZB75'$#t+.|-&#<S H+&I+& 2'+&;1-/19#T7-2+&!-3&!<25-'75&!
<&$-'1$&;#SCH&,/0!-3&!-+#SB,7/+-#-'I$;', +27-'/$ 7T+/AS&<!" $1#I<&-+/T/5"-#$1#+&H#IF&*&+-3&5&,,(!

&< R, & T T+#93&,7+/*,&1-3&!T7/+-2%'- 1-/'9#T7-2+&1-3&!+&#5'-'&,[0-+#$, 7/+-#-'I$!;' +27-'/$,!
D3'5&!IG&&T7'$C!EL; I C+#$25#H+'- I'$IHSHS., &, !'$-#9-(1#$; 7#*&!-3&! D#.10/+19/55#A/+#-'/$,1#9+/ |

', 9'75'$&,1#8$;!,-#G&3/5;&+,!-/!-+#$,5#-&!-3&#,*#$9&,I'$!+&,'5'&$I&!+&,&#+93!'$!;'00&+&S$-!;",9'75'$#+.1,'5/,!
-['#9-'/$#A5&!'$,'C3-,10/+1;&9", /$!<#HG&H |

N$!-3&!9/$-&L-1/0!-+7F8t-#-'1$),.,-&<!;",+27-'/$,!,-&<<'$CI0+/<!-3&!3#b#+; RP;29&;!;&C+#;#-'/$!/0!
$&-D/+G!19/<7/$&$-,(!,,-&< R#,&;1*25$&+#A'5"-.I', 1/0-&$!" 2#$-'0'&;!D'-3!+&,7&9-!-/1-3&!<#+C'$#5!-+#*&5!
-'<&c9/,-1'$;29&;1/$!-3&!2,&+,!'$!-3&!; &C+#;&;1$&-D/+B193/5,/$1#$;1"21) MXW (1, &</$,-+#-&!-3',!
2$;&+,-#$;'SC(17+&,&$-1#!<#-3&<#-'I#5!</;&55'$SCIH77T+/#93IA#,&;/$!#12,&+!& 2'5'A+'2<!I</;&5!-/!
&$-'0.1-3&I</A'S'- 1+ &5#-&;I'<TH#9-,1/0}, &C+#;#-THE3&!9/$,"; & +#-'$ /O #+'HAS&!, &<#$; | A#,&;/$!
O#T#9'-.10529-2#-'/$,'#$;!-3&!2,&!/012&#519/,- 1#$;!,.,-&<!,2+752 1#,17&+0/+<#$9&!<&#,2+&, 1#+&!
*#52#A5& . ,-&RA#,&; N &-#'5,'$1-3&'+ID/+GI![2+HB2'-&1#$;[#3<#, #$'] JO__ YK$!-3&'+!-DR 5#.&+!
CH#H<&!-3&/+&-'IH#77+/#931 IR’ +/!, 2<ICH<&IA&-D&&$!#P!&*'51&$-'-. 1#$; 1#!-+#00'9 <#IHC &< &IHF#C&$9

5 &$-'0."$C19+"-'9#519/<7/$&$-,(!; &0'$&I#!*25$&+#A'S'- I'$; &LI1#99/2$-'$C!0/+!-3&!#*#'5#A'5 - | /01#5-&+$#-&!
T7#-3,(1&L9&, | 9#T#9'-. (1#$;!-+#*&5!-'<&I'E/!,&-1-3&!,-#C&!0/+!-3&!$&-D/+G!+/A2,-$&,,!'$;&L!-3&.1;&0'$&(
19/--1&-1#810__ VIK+'-'9'b&!9/$*&S- ' I$HBO+#,-+29-2+ & I<#HIHC&<&S-17+#9-'9&,| A#,&;!/$!5/9H#BOR &* &5
1&+*9&IJ@?1K!<&#,2+ (B2 <&CA#THI'- | +#-'KIOH5925#-&; 1#-1-3&!5' SCIBRHEAR 1 5/9#5!
<&#,2+&,#+&I<',5&#; $CI'$!;&-&+<'$'$CI#+&H#,!/01'<T7+/*&<&$-I'$!-3&!$&-D/+GI#8$;!'552,-H#-&!-3&
T+IAS&<!D'-31#!,'<7T5& &LA<T5&ABP! <75&!&L#<75&!'552,-+#-&;|BE2+&{' @'$G!O!",!-3&!</+&!
O+'-'O#5I5'$GIA#,&;!/$5.1/$!-3&!Qca!+#-/,(13/D&*&+(1"-I' |, &&$!-3#- 1 @' $CIM!', I</+&!9+'-'9#5!-/1-3& ! /*&+#55!
,~&<1'$9&! @'$G!O19#$$/-1#99/<</;#-&!-3&I+&+/2 ISP F'- 1/01*/52< & '$!I-3&!19#,&/01#! @'$G!M!
95/,2+&I'P#,&;1/$!-3',1'$,'C3-(119/--1&- 148D W& 0'$&!#IF&-D/+G!=/A2,-$&,,IN$;&LIIF=NK!0/+!&*#52#-'$C!
-3&!19+'-'O#5!'<7/+-#$9&!/01#!IC*&$!3'C3D#.!,&C<&$-1T'1&I(1$&-D/+G!5'$GK!-/!-3&!/*&+#55!,.,-&<I!?-3&+!
&, &#+93&+,19/$;29-&;ID/+G#;*#$9'$CI#$;!;*&+,'0."$C!-3&!+&,&#+93!'$!-3' 1#+ &#!'$I1*#+'/2,|D#.,1,2931#,!
#55/D'$C!7#+-'#515'$G195/,2+&,1#,1/77/,&;!-I'A'$#+.1-+&#-<&$-1/010#'52+&,1 1 25T EHPRHES CH $C!
'<TI+-#$9&!<&#,2+&,1-3#-1#+&10&#,' AS&I'BHIR/0!$/I/$$&9-&;1$&-D/+G, /+10/92,'$Cl/$I93#$C&, !I'$!
#99&,,'A'5'-.I-/I'$*&,-'CH-&*25$ & +#ATEH# . 5/+1&-1#51(10__ Vd!43&$!&-1#31(10__ WK
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

"HPOLI(* .-/ 0/%12&, 2#BSH2# T3 7 1!1%1#3$!8924#;1!

C=10,V=3,V/IC=0.3
Link 1

Link 2
C=1,V=1,V/C=1

Source: Scott et al. (2006)

TT+/#93&,1<&$-'1$&;!,/10#+!/$!";,&$-'0."$CI9+'-'9#5!$/;& /+I5'$G, [ #+&IH#TT5'I#AB&!-/;' +27-'$,1+&,25-'$C!
0+/<1-3&!13.7/-3&-'9#5!;&C+#;#-'/$!/01#!,'$CE&!/+ I HBROZ & ; | $2<A&+!/019/<7/$&S$-,I'$!#!1$&-D/+GI!N$!
+&#5'-.(1$#-2+#5!13#b#+; | I&ICI(1&#+-3 2HGRYHOB I 3#*&!, 7#-"#55.1;' -+ A2-&;I'<T#9- 1#$;!;'00& +&$-!
O/<A'$#-'/$,1/0l#<#CE&;19/<T7/$&S$-,1J'1&I(195/,2+&,K!9+&#-&!;'00&+&S-!;', +27-&;I</A'S'- 1 T#--&+$,|!
a2+-3&+</+&(19/<72-'$C!-3&!+&;29&;1#99&,,'A'SA#,&;!/$!-+#00'91#,,' CH<&B-0/+!&*&+.1$/; & #$;!
SEGI+&</*#51<#.IA&!0&#, AS&!0/+!, 7#+,&1+&C'/$#5c$#-'1$#5!5&*&5!$&-D/+G, (13/D&*&+(!-3',I",1$/-1-3&!9#,&!
0/+!;&$,&!<&-+/7/5'-#$#+8&#,!</;&5&;!D'-3!3'C3!+&,/52-'/$!$&-DMHGL-'$&+!&-1#5] (1Ol MXK!
+&,&#+93&+,10/55/D&;!. &-1#$/-3&+!;'+&9-'/$!/01+& , &# 2IBOYB! &*#52#-'$C!-3&!*25$&+#A'5'-.10/+!
,7&9'0'91+&C'/$,1#8$;13#b#KIP/S/1#3$;122-'&++&b(10_NMEK'&,1/$!&9/$/<'9V'<7#9-1#$#5.,",1/0!

-+#S, T1+-#-1S) +27-'1$,1#+&I#5,/19/$,", &+&;1'$!-3, *&'$I#, 1#19/<</$I/A\&9-*&!'$!, 293! ,-2;'&,I' 1-/!
2#%$-'0.1&9/$/ <'915/,,&,1;2&!-/'#1,7&9'0'91I#9-2#5!/+13.7/-3&-'9#5K ! &*&$-"$!#!,7 &9'0' APARAES!#51 (!
O_MJHIE/N, &-1-3&!,-#C&!0/+!-3&!I<BRI'75'$#+1#$;!, . $&+C&-'9!</; &5 +&,&$-&;!'$!-3',} 2;. (1+&,&#+93!
C#7,I'&$-'0'&;!A.1-3&!#2-3/+,1#+&!7+&,&$-&;D'-3+8FRAT7 & +,7 &9-* &, T\ IHAKS, 7/+-#-'/$!,.,-&<,!
#S#5.,",(\OKV9Y &9/$/<'IV<T#I-1#$#5.," | E#AS&IRK<#+'Dh&,!-3&,&!C#7 1!

<=>1?7@;&25;-#3$11#3!?A1B-,1'CID3,/A1'1}E!<&,31.;&2,2#;3|F#1&%.2#;31)

<&,31.;&2,2#,31?A12'-1D3,/A1#1

*5;3;-#510-.,52!D3,/A 1#1

@#9G!/0!13/5',-'91#$; | C+#$25#+1$&-D/
</;&5'$C+&7+&,&$-'$CI#9-2#5!'$*&$-

H+&;/<'$#$-5.10/92,1/$!'$;'*"; 245!
9/<7/$&%-, !

H/,-1; #,- &+ -+#* &SI A&SHY [+]-+&#-&; 11
#l<, -&+. !

4/<</$5.12,&;! N$7R2-72-IRK
</;&5,13#*&!D&55!G$/D$!
5'<-#-'1$, TI5'$&H#+(1+'C";1+&,7/$,&(
S5#9GIA&3#*'[+#5!9/$1&$-

A23;#$9&!/0ID/+G!'$!,'$C5&!5'$G!
O#'52+&,'1#$;c/+!#!,'$CH&!</;&!/0!
-+#S$, 7/+-#-' 1911 @'<'-&;10/+!, 7#-'#55.!
), -HA2-&;1'<THO- 1#$;1<25-'75&!</;&, !

@#9G!/0!&L75'9"-1$&-D/+&5$C!
#$,10/+<#5!13#b#+;19/$,"; &+#-'I$,

@#9G!/0H--&S$-'I$!-/\-+#$,7/+-#-'/$!
& 2'-.1+&5#-&;19/$,& 2&$9&,1#$;!
&$*'+/$<&$-#5!'<7#9,

@#9G!/01H#--&S$-'1$!-/1;" TH+'-'&,
#9+/,,'$9/<&IC+/27 )[+I'<T#9-,!
I$+#I'H#5C&-3$'9!I<'$/+'-'&,
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

P&O/+&!7+/*';'$CI-3&!7&+,7&9-*&,!/$!,3/+-9/<'$C,I'$!-+#$, 7/+-#-'[$),.,-&< ,H#$#5.,", 1#$;1&9/$/<'9!
'<THO-1#$#5.,",(1-',19+'-'9#51-/13'C35'C3-!-3#-10/+<#5!19/$,"; & +#-'/$,1/0!-3&! 3#b#BOH&; |, &-#'5&;!
'$*&$-/+'&,1/01-3&!"$O+#,-+29-2+&],.,-&<, #+&!+#+8&5.I'$952; &; 'S 7#,-1,-2;'&,I'E3",I',I'$! [< &< &#,2+&!;2&!
-[1-3&!+&,&#+93!/A\&9-"*&,IINO!"; &$-'0'9#-'/$!/019+'-'9#5!5'$G, 1#$;1$/;&,!"1-3&!, [5&!/A\&9I-*&!'$; &7 &$; &$-!/0!
-3&!3#b#+;(1-3&$!0/+5iB#b#+;19/$,", &+#-'[$, 1 #+ &I T+#9-'9#55.1/<'--&; |1B/D&*&+(!'0!-3&!/A\&I-*&!',I-/!
&*#52#-&H#1$&-D/+GN 17 &+0/+<#PI&IHCH'S,-1&#+-3 2#G &, (105//;,(1&-91(10/+<#5!3#b#+;193#+#9-&+'b#-'I$!#$;!
H<HC&IH, &,,<&$-17+/9&;2+&,$&&;!-/NA&!"$9/+7/+#-&;I1E3&!, 3/+-9/<'$CI3R!' |-3#4#3.1,-2;'&,!

38+ &,[+&; -\ D3#- RO, 2<7-'1$,!-/1;&-&+<'$&!73.,"O#5 #<#HC&, 1#$;19/<7/$&$-10#'52+&,1183#;&<'!
&-1#3)0_MIOI$;!'$!-3&'+1+&*' &D!-3#-1<#8$.!,-2;'&,|5//G1#-10#'52+&,|D'-3I&;!; & +'$CL3&'+19#2, &, 1#$;!
0/92,1/$!-3&!0#'52+&!/QBC5&(13.7/-3&-'9#5!5'$G1J/0-&$!5'$G, |- 3#-19#++.1-3&!</,-1-+#00'IKI ES', |-+ &#-<&$-!
/0'$&-D/+GlL,&C+#;#-'1$!' 1$/-10/2$;&;1/$!19/<7/$&$-#A'E'-' &, I-/|<&&-!;&<#$3;,10+/<!3#b#+;,(I-32,!

-3&. 1#+&IC&P&H#55.15'<"-&;I'$l-&+<,1/0I C&$&+#-'$C I+ &M - IHHAS &P, C3-,1J4&-'$&+!&-1#51 (1Ol N K

-3 17+N\&9-(1, &', <'913#b#+;1+&,25-, | D&+&#;/7-&;10+/<!#2-3/+,MNM9/$92++&$-1&00/+-,D'-319/55#A/+#-/+,!'$!
YA@: N IE#9'+/C521=& ,&#+931Z+/271I"&-#'5&;!;",92,,'/$,!/$!3/D!-3&, &1 #+&!/A-#'$&; ! 9#$!A&!0/2$;!'$!J8/9!
&-1#51(10_OPRB/D(!D&!;',92,,!-3&!,3/+-9/<'$C,10+/<!-+#$, 7/+-#-'$!#3$;1&9/$/<'917&+,7&9-*&, ]|

NS!-+#3$,7/+-#-'1$],.,-&<,1#$#5.,'19/$-&L-(I-3&+&!", [#I5#9G!/0!3/5',-'91#$; | C+#$25#+!1$&-D/+G!</;&5'$C!
+&7+&,8$-'$C!-3&5R/#5!-+#8$, 7/+-#-'[$I'$0+#,-+29-2+&1 7+&,&$-I'$!5#+C&!<&-+/7/5-#$!#+&#,11E3',!
,3/+-9/<'$C!',1-3&!1+&,25-1/01#SI#A,-+#9-'/$!/01-3&!-+#F, 7/+-#-'/$1$&-D/+G,'D3&P!-3&.19/25;|A&!</;&5&;!
&L75'9'-5.13&ICI(I</;&5'$C!0+&&D#.,1/$5.1#$;1$& C5&9-'$C!#+-DHEBY+HA&-, (/+1*#+'12,!</;&,K!I8/9!
&-1#51(10_MXAKILA,-+#9-1$&-D/+G!</;&5,!;/'$/-1#55/D!-3&!"$9/+7/+#-'I$!/01+&#5',-'91#$;15/9#55. |+ &5 & *#$-!
H<HCEIH,,&,,<&$-,10+/<I3#b#+;!,'<25#-'/$,I'$-/1-3&!#$#5.,& I1IA,-+#9-'[$!/+],'<T75'0'#-'/$I<#.1A&!
#99&7-#AL&!O7#H &!+&C'I$#5!/+1$#-'/$#5!$&-D/+G, I I&ICI () LINS-&+,-#-&!1. ,-&<K(13/D&*&+(!;&$,&!
$&-D/+G,I'$!<&-+/7/5-#$\#+&H#,1$&&;!-/I</;&5&;!'$I#!3/5',-' 9I<#$$&+!$/-I-/|AS'S; #,,&,,<&$-,!-/!-3&!
'$38+8&$-1+&;28,#%9. #!G&.|&SHASE&+!/0!+&,'T &EBE&HS, 7/+-#-'1$!,.,-&<,| 11293!5'<"-#-'/$,!9#2,&!$/-!
[$5.14#3128;&+&,-'<#-'/$!/0!-3&!+/5&!/0!$&-D/+ G &;!-+#8$, 7/+-#-'/$!"$0+#,-+29-2+&(IA2-1#5,/1-3&!/<,,'/$!/0!
</A'5-.19/$,-+#'$-,1+&,25-'$CI0+/<!;#<#C&;!'$0+#,-+29-2+&I!a2+-3&+(I</,-1/0!-3&!,-2;'&,10/92,1/$!,'$CH&!
5'$G!0#'52+&, 1#$H#!,' SCE&!</;&!/0!-+#3$,7/+-#-'/$1I8/9!&-1#51(10_MXKIF#C#&!&-1#511J0_MOK!7/'$-,!/2-!
,2CC&,-'1$,!A.l: #G2+#/$!$&-D/+G!</;&5,!-/IA&!2-'5'D&;"$!*25$&+#A'S'- .1 +&,&#+93I!:99/+;'$C!-/1: #G2+#!
JO__ WK(1#!$&-D/+GI</;&5!;&*&5/7&;!10/+1#$!/+;' $#+.1$&-D/+G! [ZBAAR!</;'0'&; 1#$;1#775'&;!-/!-3&!
+&9/*&+.1,-#-&/01#1$&-D/+G(1#$;!-3&!$&-D/+G!05/D!</;&5!,3/25;!13#*&!-3&!93#+#9-&+',-'9,!/0!1&L 75'9'-I5'$G!
O#T#9'-19/$,-+#'$-, (1, &9+&#, $Cl; &<#3;!;2&!-/I-+#00'919/$C&, - /$!#$;1-3&12$9& +-#'$-.|/01#]-+#*&5 &+,
93/'9&IA&3#HF+I!1;,92,,&;(1,293!</;&5,I3#* &I A&&$!+#+&5.12,&;I"$!-3& I#1 88 &Pl +#+ & +1#-1-3&!

<&-+/7/5'-#P IH5& #3;1</,-1,-2;'&,1+&,/[+-I-['O'L&;; &<#$;1#,,2<7-'$,#$;!,'<75',-'91$&-D/+G, !

1&9/%;(171,-);' #,-&+-+#*&5IA&3#*' [+!" |15#+C&5. -+ &#-&; 1#,1#1<. -&+.1;, 2&iH0B/0/ 7&$ (1 + &5 #AS & (1#$;!
3'CR&,/52-I1PI<IA'S - L#-#10/+17/,-1;' #,-&+,"-2#-'1$,1! |

N$!-3&!9#,&!/019#-#,-+/73'91&#+-3 2#G &, (ID#-'$CI0/+!-3&!;" #,-&+!-/13#T77&$!-/19/55&9-I</A'S'- .l #-#!',|
95&#+5.1$/-1#$!/7-'/$1'B/D&*&+(1+&,&#+93!,3/25;!$/- 1+ &OAABIBH'$CI&L',-'$C; &<#3;!</;&5,!-/!

7+&;'9-17/,-1;' #,-&+!-+#*&5 &+ A&3#*'[+(1&ICI1J43&$!&-1#51(10__ WKI&*&$!'0!-3&!7+&;'9-'1$,!;&7&$;!/$!,'<75&!
&*#52#-'1$,1/01&L",-'$C;&<#$;102$9-'/$,!/+1,&$,"-*'- . 1#$#5.,&,15'$G&;!-/IDFB!-. 7&!#,,2<7-'/$,I'ET',!

<#.! A&!&,7&9'#55.10&#,'AS&!0/+!;&*&5/7&;19/2%-+'&,!D3&+&!&#H+-3 2#G&,;/1$/-193#$C&!-+#*&5! 7#--&+$,!
T+/0'5& \#,!;+#,-'9#55.1#,1, &*&5/7'$CI9/2$-+'&,|-3#-1#+&!5&,,! 7T+& T#+&;'F'93/5,/$1J0__ WKI!9#-&C/+'b&,!

u
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

&00/+-,10/+!+&;29'$CI+/#;1$&-D/+G12$+&5H#A'S"-.I'$-/ A RELELR:; 29-'/$(1+&H#;'$&, , (1+&, 7/$,&!#$;!
+&9/*&+.K!I-/1#+C28&!-3#-1</,-1/01-3&! 7 +'/+!+&,&#+93!3#;15//G&;!'$-/1+&;29-'/$!/7-'/$,1-3#-10/92, /R 7 +&

) - &S0+ -+29-2+&'<T+H/*&<&S-,!-/1+&;29& !+ ,G, (1#$;1 7 +/</-&,!-3&!$&&;|0/+!+&,&#+93!'$!
[+C#$'DH#-'/SH5I 7T5FSC0/+13#b#+;1&*&S-, 1#$;1;&9','1$),277/+-1-//5,10/+7+'/+'-'b'$CI R #,-&+!
+&,7/$,&#8$;!+&9/*&+.1&00/+-,[IN$!-3&'+!1+&*' &D(183#;&<'I&-1#511J0_ MUK!#5,/1";,&$-'0.1-3&!",/5#-'/$!/0!-3&!
T+& #,-&+73#,&IAI<#$.1,-2;'& |1 [#--,,/$!#$;!1&$&5'2,1J0_MUK#IAIB&;C&!-3&,&!,-#-&<&$-,1#$;!
02+-3&+1&<73#,'D&!-3&!$&&;!-'9/*&+!-3&!;' #,-&+!-'<&5'$&!3/5',-'O#55.1#,!D&55#,!-3&!$&&;10/+!
,-+&$C-3&$'$CI9HR,9'75'$#+.19/55#A/+#-'/$,|D'-31+&, 7/$,' AS&!#2-3/+'-'&, (/7 &+#-1+,|#$;/-3&+!
~HG&3/5;&+,10/+1<2-2#5!5&#+3' FCHI$,0&++'$C!/0!G$/D5&ICE&I!

@#,-5.(1-3&+&!" 1#I5#9G/01#--&$-'/$!-/D#+;,1& 2"-.I',, 28 ,1&<&+C'SCI0+/<|-+#$,7/+-#-'I$!;', +27-'/$,I!

&, <&$-,12,2#55.10/92,!/$!-3&!-+#*&519/,- 1+ &5#-&;19/$,& 2&$9&,'1#$;! 7+&;/<'$#$-5.!" 2#$-'0.1$&-D/+G!
02$9-'/$#5'-.1'$;'9#-/+),2931#,I'$9+&#, ' $CI-+#*&5!-'<& 1#$;!;' - #$9&,I'E3&, &!#+&!19/$,"; & +&;1</+&!
,'C$'0'9#3$-19/$9&+89,(13/D&*&+(ID/+,&$'$C!'$!-&+<,1/01,293!'$;'9#-/+,1+&,25-I'$! &$*' +/$<&$-#5!'<7#9-,!
J&ICI(1,2+C'$CI&<',,'1$,1;2&!-/"$9+&#,&;12,&!/01*&3'95& , K!-3#-1#+&!5&,, (OB, &1 9#$!#5, /I A&!
1,92,,&;I'$!-&+<,1/014+&;29&;!1#99&,,'A'5'- . I/+10'$#$9'#5!5/,, &, 1E/!, 2<<#+'D&(1#$CH&,!A&./$;!-3&!
'<<&;H-&I<IA'S'- 1 -2+ ARS9&, 1H+&I/0-&BI5/IC&; I *&+1#S; 1+ & 2'+&!I</+&!+&,&#+931#--&$-'/$

E3&!#2-3/4, D'-3!/-3&+!9/55#A/+#-[+,9/$;29-&;1#15'-&+#-2+&+&*'&D/$!-3&! &9/$/<'I'<T#9-1,-2;'&,!
0/92,'$C!P-+#P,7/+-#-'1$!;',+27-'/$,'#$;!";,&$-'0'&; !+ &, &#+93IC#7,1J%&"1&-1#5I(1O_M]AKIINS$!-&+<,!/0!-3&!
&9/$/<'9I</;&5'$CIHTT+/#93&,12,&;!'$!-3&!+&*'&D&:R;'&, (I</,-1#+-'95&,1/$5.17+&,&$- 1#$! & ,-'<#-'/$!
101-3&!;'+&9-1'<7#9-1A.l,'<T5&!I<#-3&<#-'9,I#,,/9'#-&;|D'-3I-#A25#-'$C! 7+/7&+- .| #<#C&!/+!5/ ,-!
A2,'$&,,!+&*&$2&I'E3&, &!#+-'95&,!;/'$/--#C&RB:&++.1,2775. B3#'$!&00&9-,!/+!'SFRR&C'/$#5!
&9/$/<'9!;'002,'/$!&00&9-,1'$-/19/$,";&+#-'1$I!:</$C!-3&!#+-'95&,!D'-3!0/+<#5!&9/$/<'9!'< 7#9-!
&,-'<#-'1$!<&-3/;/5/C'&,(IN$72-R2-72-1IJRKI</;&5'$CI'$!C&$&+#5!1'$952;' SCINS-&+/7&RHA'S-.IN
</;&5'$CK!',1#D";&5.12,&;1#77+/#9313?G2 #<##$;| 1#$-/,(1O_MYT!1#$-/,(| ORNKIK!</;&5!/01#55!
72+93#,&,'#9;! #5&,|A&-D&&S!,&9-/+,!/01#$!&9/$/<.(\A#,&;!/$!-3&!-&93$/5/C'9#5!+&5#-'1$,3'7,!/0!
7+/;29-'1$13=/,&('0__ YHKSI#;;'-'1$(1-3&+&!H#H+&!,&* & +#5!&L#<T75&,!/0!-3RORBE&R+-1#77+/#931'$!-3',!
#+8&#(1,293HAI<72-#AB&!Z&$&+#5!6"2'5'A+'2<1J4AZ6K!#$; 11 7#-'#51426!</,&5,1J1426K1J=/,&(!1O__UKI!4Z6!",!
#1<25-R#+G&-!,'<25#-'1$!</;&5!A#,&;1[$!,'<25-#$&/2,!/7-'<'D'SCIA&3#*'[+/0'$;*"; 2#519/$,2<&+,!
#$;10'+<,(1,2A\&9-!-/1&9/$/<'91#99/2$- | A#S#H$9&, 1#$;1+&,/2+9&!9/$,+H$/,&(1O__ Y#KI'E3&!+&,25-,1/0!
-3&!5'-&+#-2+&!+&*' &DI#;;'-'/$#55.1,3/D&;!-3#-(ID'-3!+&,7&9-1-/1-3&! 3#b#+;I'<7#9-1'$0/ +<#-'/$!-3#-!",!
'$O/+7/[+#-&;1'$--3&!,-2;'&,(I</,-1/0!-3&!#+-'95&, 1#+&! A#,&;$!,'<75&!#,,2<7-'1$,!,2931#,!-3&!,32--'$C!
/DSOHT/+-1] *&+1H#ID&&G!;2&!-/1#13.7/-3&-'9#5!3#b#+;I1E3',!-. 7&!/01#77+/#93!;/&,1$/-12-'5'b & !#!
J73',-'9#-&;12%;&+,-#$;'SC!/01#13#b#+; 1#$;10/+<#5! #<#C&#,,&,,<&$-17+/9&;2+& ,IIN$!/-3&+!D/+;,(!
,-#-&FROR3ER+-I'SI3#b#+;1,'<25#-'/$,1#+&!$/-12-'5'D&;'$!</,-1,-2;'&, I [+ &*&+(1/$5.1#! ,<#55!,2A,&-1/0!
-3&I#+-'95&, 19#++.1/2-14&-+/,7&9-*&I&I/S/<'91H$H5. & | A#,&; | [BI+&*' &D &; [+1+ & 7/+-&; 1 3#b#+;!
'BO/+<#-'[S(V1&I(1#9-2#5!;" #,-&+,!-3#-13#*&!/992++&;1'$!-3&! 7#,-ID'-3!;/92<&$-&; 1#$; |+ & 7/+-&;'<T#9- !
:$/-3&+!,3/+-9/<'$C!/0!-3&!5&+#-2+&!'$!-3', 1 /<#'$!' 1-3&!I5#9G!/0!1&L75'9'-1$&-D/+G!</;&5'$C!#$;!
#S#5.,",I'$1-3&!"2#$-'0'9#-'/$!/0!,.,-&<102$9-'/$#5'-.IIE3', #A,-+#9-'/$!+&,25- '$I#ID", &I CH7 | A&-D &&S!
&$C'$&&+'$CI#S;1&9/$/<'91#$#5.,&,1/0!-3&! #<&! 73&$/<&$#1!:</$C!-3&!0&D#+-'95&hBBH+#-&!
&L75'9-1$&-D/+G!</;&5'$C(!</,-10/92,!/$!-3&!19#5925#-'/$!/0!-3&!;'+&9-1-+#$,7/+-#-'/$+&5#-&;!9/,-,1,293!
#,1'99+&#,&;1-+#*&5!/+ID#+&3/2,&!9/,-,11a&D!/0!-3&,&!,-2;'&,1&,-'<#-&;!-3&!'$;'+&9-1&9/$/<'9!5/,,&,!
A#,&;1I$!-3&!;'+&9-15/,,&,1T1&I(}; &H&; | 7+/7/+-'1$!/01'S - #5!7+/;29-'/$1/+!;&<#$;K(!IDI'93ID&+&!
3.7/-3&-"9#5!/+1,'<75.1,&-1#99/+;'$C!-/13',-[+'O#5!+&9/+; |
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

L:&F+#3#=,+&1(0,A, (3+(8&Y6#&86*309#6%*%, #38&.70%(=0&<,06$9¢
)#6%0&*3E&N, 3% (6A*3E&LH#*E&B(%/#6D0

I
N$!-3&!7#,-10&D!.&#+,(I<#$.1#$#5.,&,!/01-3&!'<7#9-,1/0!;" #,-&+,I'$!-3&!)111!3#*&!3'C35'C3-&;!-3&!
m+&,'5'&$9&n!/0!-3&!1&9/$/<.1J,&&(&ICI(IP/&--G&!&-1#51(10__Wd!43&+$'9G('O__Ud!a5.$$(!0__]d!=/,&!&-1#5I(
O__ XKIl=&,'5'&$9&!",1/0-&$!2,&;!-/'&E B! +&C'/S#5!/+1$#-'/$#5!&9/$/<'&,!;/'$/-1;&95'$& I#,1< 293 1#,!
<'C3-IA&I&LT7&9-&;!1#0-&+!;" #,-&+,(1/+!D3.1-3&.1+&9/*&+!</+&!"2'9G5.!-3#$! 7+&;'9-&; I/E3&!9/$9&7-13#,!
+&9&"*&;I'$9+&#,'$CI&<73#,'10/+!</+&!-3#$#!, &9, &(ID'-3!7+/C+&,,!/$!'-1;&0'$"-'/$!,-& &0p-/<!-3&!
D/+G!/0'E'&+$&. I IMXXWK(IP+2$&#2!&-1#511J0__ SK(143#$CI#8$;!113'$/b2G#!1JO__ YK(1#$;!=/,&!1J0__Y#(IO_MV!
Q#+'2,1;',975'$&,1#$;1,&0'$'-'/$,!,&&<!-/'A&!&*&$5.1,75'-IA&-D&&S!-3/,&!-3#-1;&0'$&!+&,'5'&$I&! A+/#:;5.!
-['$952;&!#--+'A2-&,1-3#-19/$-+' A2-&T+ &R *&S$-!;' #,-& +!+&," - #$9&(1#$;!-3/,&! D3/ 7+&0&+!-/1+&, & +*&!
-3&!-&+<,10/+1#9-'1$,12%; & +-#G&PHO-&+#!" #,-&+IA&C'S,-3#-1#+&!'$-&$;&;!-/1+&;29&!5/,,&,11IN$!-3',!
-2;.(ID&!&LI52;&! 7R+ &$-1#9-'/$,!-3#-10#55!'$-/1-3&! A+/#;19#-&C/+.1/0!<'-'C#-'/$(!-3ID&.!;/I'$952; &!
T+&R*&$-1#9-'/$,1-3#-1&P3HPI&+&,'5'&PI&IOH#T#9'-' & |-3H#-1#+& ' <T5&<&S-&; 1#0-&+!-3&!&*&$-1#,!;',92,,&;!
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<&#,2+&;1'P!-&+<,1/01Z"H!#,!D&55I!!

69/$/<'91+&,'5'&$I&IMHSIA&I#HH5.b&; 1#-1-3+&&!IB&*&5,T

¥ ['9+/&9/$/<'910'$;™", 2#5!A2,'$&,,(13/2,&3/5;(!/+!C/*&+$<&$-K!
¥ [&,/&9/$/<'9  10'$;*;2#5!'$;2, -+ 1/+I<#+G &K
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' The Port makes decisions on such tactics as the use of excess capacity and ship-rerouting, and the various direct
and indirect customers make decisions about how to cope with the supply shortages under their own roof. There is
a minimal role for government in this decision process, in part it would interfere with day-to-day operations of
businesses. Governments rarely provide financial assistance to port customers, and this only serves as
compensation for decisions that businesses are inclined to make on their own to minimize the negative impact on
their operations. If the government is more likely to compensate firms for some resilience tactics over others,
businesses still need to know the relative effectiveness of those tactics in gauging their response.
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Supplier-Side Resilience Options!

Customer-Side Resilience Options!
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+(0%&96$($.10)33,*060($%)*-C!.++.0$%<.&2!(&&)0($%*413(*
)$7.5!5.-),50.-1$)!.81./%%.1/.=5%-15.3)<(&?15.1(%5 ! (*/!
5.0)*-$5,0$%)*®@"

=1-:8#%)-1&1$>-#*)-/28%+$%*4!15)/,05%)*1$)!=5(
1&(*$-1)51&)-%*4115)/,0$%)*1)11)5$,*%$%.-1$)!
0)31.$%8$)5-196*1)$7.51&)0($%6)*-"

=1-;8#)-/&1$# (*B1$8@ASYoH6$:8HHJ3B6*4! 8$5(1-7%+$-1)5!
)<.5E5%3.1$)10&.(5!,11=(0:8)4!)+!< .- &-1(+$.5!5.- 31$%)*!)+11
)1.5($%)*1>)*&21<88(!+)5!-7) BB, *!/%-5,1$%)*-?!+)5!97%07!3)
~7%1-19%&&19(%S$!+) B FNBI$7.11)5$215($7.51$7 (*155),$I$)!
)$7.511)5%-@"

=1-;84#)-/&1$# (*B1$&@ASYHES:BH)BBA! 11&)-$!
15)/,0$%)*1=219)5:%*41. 8$5(1-7%+$-1)5!)<.5!$%3.!
$7.11)5$I551.5-1(*/  1$7.1-,11&2!)+105%$%0(&!%*1
5.-,3.-"1137%-1%-1(1<%(=&.1) 1$%)*+)5E/}5$
1%-5,1$%)*-2197.5.10,-$)3.5-1(5.1&.--189%:;.821$)!7(4
0(*0.8&./1)5/.5-"

1. $#7)0$&1-',&)/.1'%* 18#*81$& %%$* &</ 3SR BI<.3.*$-|
%6*1/.0%- 9B, %*41(*/1.81.5$%-.1$7($!.¥7(*0.1+,*0$%)*(&%$2! (*
5.0)<.521>."4"21)1$%3%'%6*415.-$)5($%)*1=21%/ *$%+2%*41(
0)55%/)5-?1.++.0$%<.&2!(&&)0($%*413(*1)9.5!(*/1)$7.5!5.-),5
$)1.81./%$.15.1(%5!(*/!5.0)*-$5,0$%)* BB, $%6+41 (/!
5.-07./,8%*417.(<2!/,$21$5(++%601(9(2!+5)3!1.(:!$%B.-@

&

I $#9)0$&*1'0$>8&;$<: &< 3$<$*?IK-$(=8%-7%*4!3.(-,5.-'$)
1.05.(-.1$5(<.&!/.3(*/1/ 5%*415.0)<.52!>."42196*0.*$%<%".!)5!

#+)50.1$.&.0)33,$%*4!+)510.5$(%*1%*/,-$5%.-1$)!/.05.(-.1$5(<
1.3(*1?19%315)<.3.*$-19%6*10)33, *%60($%6*41$5(++%6010)*/%$%)*

4.*5(&!1,=&%0"?!.80"@!

" Such effective management measures can be potentially built on existing data-driven commodity throughput
portal and port community communication systems. See Appendix A for a summary of the Port Optimizer that is

being deployed in POLA/POLB.
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0:&13%(26*%(E&86*300# B HI3H=,+8&I=0*+%&!3*A70,0&
70%(=&

N$!-3&!I"$*&,-'C#-'1$/01,.,-&<!+&,'5'&$I&#, 1#$!| &<&+CE&S- 194 TBA-3&!$&-D/+G&; - +#8$, 7/+-#-'/$!
,-&<(1-3&!0/55/D'$C1#$#5.-'9#5!+&,'5'&$9&!;&0'$'-'/$!/01a+#$C/7/51#$;1P/993'$1IO_MMK!' 1#;/7-&;13&+&T!

] 1 ! #
I R= a J Q(t)dt "H#$%&

D3&+&",!-3&!'$,-#$-I'$!D3'93!-3&!;',+27-'/$!/992+,1#$H!",|-3&!"$*&,-'CH#-&;1-'<&!3/+'b/$!1#$;Q(t) ', | #$!
'$;'9#-/+1/0!,.,-&<102$9-'/$#5'-.IIN$!-3",1;&0'$- 1$(1+&,'5'&$9&!" I 2#$-'0'&; 1#,!-3&!#+&#12$;&+!-3&!
02%$9-'/$#5'-.192+*&!D'-31+&,7&9-1-/'M__g!02$9-'[$8F,2C3/2-1-3&!'$*&,-'C#-&;!-'<&!3/+'b/$I!
N$-&C+#-'$CI02$9-'/$#5"-.I[*&+!-'<&!'$!-3', I<#$$&+!C*&,1$&-D/+G!+ER BRIV &9'0'913#b#+;!
,9&$#+'11=&*""$C!-3&!,&0'S"-'/$!A.1a+#$C/7/51#$;!P/993'$'1J0_MMK(!-3&!#2-3/+QQC'R&H-"*&!-/1#!
A#&5'S&(0)(I'S;'9#-"$C!,. ,-&<!102$9-'/$#5'-.1D"-31+ &, 7&9-!-/I'S; O#-/ S #!- 7' O#E # 'S T+ & #,-& +!
,&--"$C,(I'l&Hay OI'E3",!",1;/$&!-/V" 2#$-'0.!-3&102$9-'/$#5'-.1/0!-3&!;',+27-&;1*&+,'/$,1/0!-3&!,. ,-&<!
+&5#-*&I-/'#IA2,' S8R, R, 2#5!|A#,&5'$&IET',ID#.(1-3& 1 &L-+&<&!19#,&!9/$,";,&+&;!A.1a+#$C/7/5#$;!
P/993'$'1J0_MMK!D3&+&!#55!-3&!A+'; CRURESH D!, 1#5,/15&0-1/&;1-I', 1$/-1#1+&#5',-'91/$&!0/+!
<&-+/7/5',RO#5&!,.,-&<, Il

I I _Ir@ -1

| Q(t) =1 F(O) ) Q(t)E[O,l] CR

"#$'&

1$2<A&+!/0102$9-/$#5'-.1'$; 91+, ((1H+ &I T+/T7/,&;1'$!5'-&+#-2+&!-3#-1#+&19/<</$5.1" 2#$-'0'&; | A#,&;!
1$1-3&!-/-#5!-+#*&5!-'<&!,7&$-1/+!-/-#53*&5!;" - #$9&!9/*&+&;I'$!-3&!,.,-&<!A.1#5512,&+,[1?-3&+!'$;'9#-/+,!
29314, 1#*&+#CE&!, T&&;/+1&<',,'/$I5&*&5,19#S$IA&IZ,&;

P&'$CI9&S$-&+&;#+/2$;1#!;&-#5&;(|B&I52-'/$!</;&5!/0!-3&!-+#$,7/+-#-'1$!,.,-&<(!-3&!,.,-&<,!

#OH5., \HTT+/#9312,&;1'$!-3',1,2;.1J1&&!a'C2+&IOK!#55/D,!10/+!-3&!" 2#$-'0'9#-'/$!/01*'+-2#55.1#55!,293!
'$;'O#-/+,11Ti(t) '1-. T'9#55.19#5925#-&; 1#, 1#!, 2<1/*&+!#55]5'$G, 1 J; & $*&! B 2#-'/$! Y ISK!'$!-3&!$&-D/+G!
#-1-'<&I-10/+1'$;'9#-/+' ' &$/- &, 1#$.1'$;'O#-/+!, 293I#UYMTIIQ&I OB &, FE+#*&5&; KKITIIQ&3'9BR&

B/2+, EE+#*&5&;K(Delay Q&3 OBB/I2+, R&5#.&; KKIJ1&&!6™ 2#-'/$! Y ISKII ?-3&+!5&,,!*''-&;!'$;'O#-/+,1,293!
#,1#*&+#C&!, 7 &&; | 9#HSIA&IOHE925#-&; 1#, 1#I<&#$!*&+1#55!L3&!5'$G, I!

Ig(t) = 2 FunctionalityIndicatorgyt) ; Tg(t)eR’ "H(&

%

|
#This is essentially the same metric expressed in equation 3.1, but is scaled and bounded.
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"$"1"%90."),-B2,-/0%/@%1(20)*/(,2,-/0%A")-7-'0+'%<-,C%,C'%3?6 D%A'B-/027%1(2."7%E'520>%F/>"7
!
"#$%&'1G)103K'12#$, 2#:3;B1.,;&2,2#;31 '1#/#'35'1I#2@!12@'1 ?4DL!:<FM

Hazard Analysis
Hazard Characterization and Infrastructure Damage Assessment !

Y.

Model Network Versions

Edit and revise baseline network based on estimated physical
damages in the network. Build multiple degraded versions of the
network to represent disaster timeline.

%) egs_gs o
‘B Initialization
_;* Calculate link capacities, speeds, costs etc.
= .
< - -
X Network Skimming
= . .
[e) Calculate highway and transit skim ongested costs
E matrices (OD costs for all modes).
[0
Pz . . X
c Trip Generation Assignment
o Find vehicle availability, Calculate traffic H
) run trip productionand assignment, find
g attraction models. User congested costs.
Q : Equilibrium .
a Trip q Time of Day
€| | Distribution extemalruck e, find
= .Rurl\ utility PaSEd time of day trip mat'rices,
— destination choice models split HOV and Non-HOV
to allocate trips to TAZs. P trips
: User

Equilibrium
Mode Choice Results

Run nested logit models to find
mode choice behavior.

Resilience Assessment with System Level

Functionality Indicators DI
VMT, VHT, Delay, Average Speed, etc. at the TAZ LOD

Analytics

P#,&;1/$!-3&1+&,25-,1/01-3&!3#b#+;193#+#9-&+'b#-'SHS; | #<#C&#,,&,,<&P-17+/9&;2+&,!;&,9+'A&;!'$!8/9!
&-#511J0_0O_K(I-3&!#$#5.,"1/01-3&!-+#3,7/+-#-'/$!$&-D/+G!;' +27-/$!" 1+&#5'D&;\D'-31#!<&-+/7/R, !, 9#5&Y
&7 !-+#*&5!:&<#3;1</;&51'a'C2+&!0!,3/D,!-3&#8H-'9#5!0+#<&D/+G1!17&9'0'9#55.(102$9-'/$#5'-'&,!/0!
H<HC&!,.,-&<!9/<T7/$&S-,1J02$9-'/$#5'- .1+ &5#-&, -/ #<#C&! -#-&KI#+ & &*#52#-&;ID'-3!+&,7&9-!-/I#15'$G!
95/,2+&!7/5'9.|D'-31#!1-3+&,3/5; | 7T#+#<&-&+I'E3",!',:/$&!-'+ & 75#9&!-3&!;&9",'/$, | A#, & |/ it - -&+!
<#P2#5!'$,7&9-'1$,I'$1#19/$,'-&$-1<#$SE&+IINS!-3&!9#,&!/0'A+";C&, ('O A+, C&!' L #<#C&; | A&.1$;1-3&!
-3+&,3/5;(1-3&!5'$G!9/++&,7/$;'$C!-/1-3#-1A+",C&!"$!-3&!$&-D/+G!</;&5!2$;&+5.'$C!-3&!-+#*&5!; &<#$;!
<[:&5!' \7T#+-"#55.1/+10255.195/,&;!-/\[7 &+#-' /S| BEBE-/+#-'/$102$9-'/$,| &<A&;;&;!'$-/I-3&!: #<#HC&!
#,,&,,<&$-17+/*;&!1-3&!"$0/+<#-'/$!/$!-3&!; 2+#-'/$!/0195/,2+& ,1!%'-3!-3"'$0/+<#-'/$(1#!$2<A&+!/0!
$&-D/+G!-/7/5/C'&,\I7FRH#H,-&+!A#,&5'$&#$;17/ R #,-&+!;&C+#;&;1*&+,'[$, KI#+&!</:&5&;!-/'O#T7-2+&!
-3&I$&P/+G!,2775.19/$;'-'/$,1-3+/2C3/2-1-3&!;' ,+27-'[$!-'<&5'$& WhitializationKI'N$'-'#5!, G'<I<#-+'9& !
#+&19/<72-&;1-/10'$;1-3&!?"1J/+'C'R&,-'$#-'/$K!9/,-,10/+E: > JE+#00'9:$#5.,",I>/$&K ! 7H#kefdork
SkimmingKI'E3&,&!9/,-,"'$0/+d¥ip Generation'D3&+&!-+'717+/;29-'/$1#$;1-+'7#--+#9-'/$!</;&5,!
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&< RH, & HSHD. &, /0-+#S,7/+-#-'[$!; +27-'/$,(1+&,&H#+93&+,#,,2<&0'L&;!; &<#8$;!19/$;'-'/$,!'$!
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2%:&+,-#%$;'$C!/0!/*&+#55!,.,-&<!02$9-'/$#5'-.I" |CH#-3&+&;!'$!,&--'$C,|D3&+&!*#+'/2,15&*&5,1/0!5&,,&+!
$&-D/+G!, 2775 1#--&<7-I-/', &+*&!-3&! #<&!-+#*&5!; &<#3$;IIN$!-3',19#,&(1-3&!#F$#5.,',1&<75/.,!-+'T7!
C&S&H#-IS(1-+'T";" -+ A2-1$(1</;&193/'9&!#%'<& ROR#.193/'9&!</;&5,!/$5.10/+!-3&!7+& #,-&+!
A#,&5'$&!B&-D/+GILS/-3&+T-[S! 1-/1+2$!-+TIC&S&+#-'IB(1-+'T7!;' -+ A2-'1$#8$;!</;&!93/'9&!</;&5,!

A# & VB!-3&!:&CH#:&;1-/7/5/C'&,1#$;1-+.1-/19#7-2+&!1-3&!'$-&+#9- /P A&-D&E&E& P *#+.'$CI-+#*&5!: &<#$;!
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O#5' A+#-&;1-/1:#-#10+/<I#1- T'O#5ID&&G;#.1'$1-3&! ,-2; |+&C'/$IE+#00'91#,,' CP<&S$-1+&,25-,10/+1#55!$&-D/+G!
-[7/5/C'&,1#55/D'0/+!-3&#,,&,,<&$-1/01$&-D/+G!02$9-'/$#5'-.12$-'510255!+&9/*&+.1D'-3!+&, 7&9-!-/1#!
A2,'$&, B R 2#51 7R #,-&+KIA#,&5'$R !

E3&!-+#3,7/+-#-'[$!,.,-&<I#$#5.,',19/<7/$&3$-!/0!-3&!7+N&9I-!'652,-+#-&;!D'-3!-3&!D/+G05/D!'$!la'C2+&!0!',!
'<758&<&$-&;!D'-3!1-3&!+&C'/$#5!-+#*&5!; &<#$;!</;&51I=E"[K!;&*&5/7&;!A.I-3&!1/2-3&+$!4#5'0/+$ #!
9H-BO\Z/ &+ <&$-,1J14:ZK(H#, 1 7T#+-1/0!-3&'++&C'/$#5!-+#3, 7/+-#-'/$! 75#$1J14:Z('O_MXKIE3&!
T&&R&*'&D&;I</;&5!",);&*&5/7&;\#$; /7 &+#-&; S/ E+#$,4:" (1#$;!'-I' 1*#5",#-&;|D'-31#!$2<A&+!/0!
'$;&78&%;&%$-!,/2+9&,!/0!-+#* &5 #-#'$952;'$C!,2931#, 1#2-/1#$;1-+29G!-+#00'YH 28S; - | Al#+;'$C!
9/2%-,(1Q&3'95&!['5&,!/0'E+#*&5!1JQ[EK!0+/<!B'C3D#.!H&+0/+<#3$9&![/$'-/+'$C!1.,-&<!IBH[1K(!,7&&;!
#-#10+/<la+&&D#./H&+0/+<#$9&![&#,2+&<&$-!1.,-&<IIH&[1K(1#$;!/-3&+!-+#*&5!,2+*&. .|, #-#IE3&!
2$;&+5.'$C!$&-D/+G!'$!-3&!I=E"['$952;&,!/*&+OMO&P-&+5'$&!<'5&,!/0!0+&&D#.,(1#+-&+'#5, 1#$; 1 <#\/+!
2+A#$!9/55&9-/+,!</;,&5&;!D'-3!/*&+IMMU(___15'$G,1J1&&!a'C2+&!0!10/+!1$&-D/+G!</;&5!+&,/52-'/$K111/<&!/0!
-3&10&#-2+&,!/0!-3&!14:Z1=E"[I'$952; & 1#$!#2-///D$&+,3'7'</;&5(1#;*#$9&; </, &!#$;!; & - $#-'/$!

93/'9&!</; &5,(1#!3'C35.IC+AP2BHGHIE > J/*&+IMM(___ E+#00'9L:$#5.,"1>/$&,'FB28N\14:7!
1-2;.1=&C'/$K!,.,-&<!0/+!3'C3&+!, 7#-'#5!+&,/52-'1$(I-+'TI<#+C&-!,-+#-#1;&0'$&;!A.19#+1,200'9'&$9. 1#$;!
3/2,&3/5;I'$9/<&!C+/27,!12,&;!-3+/2C3/2-1-3&!&$-'+&!; &<#$;!</;& 5,1 IM_1-+'7172+7/ & K(I19#5'A+#-'/$!
D'-314+&,7&9-1-/-3&!4#5'0/+$'#1B/2,&3/5;|E+#*&5112+*&., 1#$;1/-3&+;#-#1,/2+9&, (1#$B"E!IB&#H*.1"2-.!
E+29GK!</;&5(1#!30927#$9 R&3'95&!IB?QK!; *&+,'/$!</;&5!,75'--'$CI9#+7//5!-+'7,10+/<1*&3'95&,!/$!
-3&!C&$&+#572+BHPL, (1#$;!+&0'F&D'-3!1+&,7&9-1-/1-3&!&#+5'&+!<[; 8BSC&,-'/$! 7+'9'$C!
9/<7/$&$-,I'E3&!</;&5!"|7&&R&*' &D&; 1#$;1*#5" #-&; \#CH#'$,-1#9-2#5!-+#00'919/2%-,'$!-3&!+&C'/$IE/!
[2+!G$/D5&;C&(!"-13#,1$/-|A&&S$!2-'5'h&;!0/+!+&,'5'&$9&!H#,,&, H&S-,|

E3&!</,-1+&B$-1*&+,'/$!/0!-3&!14:Z!=E"[I</;&5!D#,12,&;!A.1-3&!+&,&#+93!-&#<!D'-31.&#+!0_MV!
J9'1&91$/<'9V#-#I'E3&!</;&5#$;!-3&12$;&+5.'$C!$&-D/+G#+&!3'C35.IC+#$25#+1J1&&a'C2+&!SKI#$;!
#99/<</;#-&,#13/5',-'Ol-+#$,7/+-#-'1$!$&-D/+ G &$#AL'$CI#ID"; &I +#$C&!/01#$#$982 ;' $C!

% For detailed discussions regarding the data sources and the modeling efforts related to SCAG RTDM, readers are
referred to the model validation report online (SCAG, 2019)
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JA#,&5'$&K#,ID&55#,!'-,19/$;"- I$I'$I R #,-&+],&--"$C 1 I&ICI(};#.1S_1#0-&+1#! 9&$#+'/1&#+-3 PHGEKI

"#$%&'IN)IO'23;&VI,C'/! & '1;/%2#;3!1#31?4DL!:<FM
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-3&1+&9/*&+.I'$l-&+H0!$&-D/+G!5&*&5102$9-/$#5"-.I'$;'9#-/+,1,2931#,|QBE(!Q[E(!; &5#. (1#*&+#C&!, 7&&;!
&-9I'D3'5&!&$,2+'$C!-3&!IC+#$25#+'-.1/0!,2931+&,25-, 1#-1-3& E:>I5&*R5!/0!; &-#'5I

N$!,2<<#+.(I-3&!-+#3,7/+-#-'/$),.,-&<I#$#5.,',|0#9&-!/0!-3'",| 7+N\&9-!" 19#++'&;1/2-|D'- 3| BEITE"[!
D3'931#55/D,!-3&!0+#<&D/+G!-/|C&$&+#-&!+&,'5'&$I&!','C3-, 1#-1#! O#E&I#S; | C+#$25#+"- .1;'+&9-5.!
-+#$,5#-#A5&!-/1-3&!2,&!/017/5'9.1<#G&+,(17+#9-"-'/$&+ 1#$;1[7 &+#-/+ 111 1<&S$-'1$&; "SI &#+5'&+!,&9-'/$, (!
-3,12$;&+5'$&,!-3&#A'S'-.1/01-3&1#$#5 .- O#BED/+G!-/IA+";C&I#!,'C$'0'9#S$- ICH T A&-D&&S! - +#$, 7/+-#-'[$!
+&,'5'&$9&!+&,&#+931#$; | WSS $CI

N$!-3',1,-2;.(ID&!2,&#1<2TR&C'/$H#519/<72-#AB&ICE&S&+#51& 2'5'A+'2<1I4Z GHEGGTI-/1H#$#5.b&!
-3&I-/-#5189/$/<'H'<THO-,1/01-3&), &' <'OI3HDH+;1 0&SH+/1#$;1-3818008&9-*&$&,,1/01&9/$/<'O!+&,'5'&$I&!!
4761</;85,1#+8&1-3&) - #-BOR3ERH-1</, &5 IH</$CI#55!89/$/<BD";&!</;&5'SCIHT T+/#93&,12,&;1-/,-2;.!
&9/$/<'919/$,8 28$9&.,1/01;' #,-&+I16,,&$-#55.(14Z61</;&5,1-38189/$/d#, 141, &-1/0V'$-&C+#-&;1,2775.!
03#'S,I'$I+&5#-'IBI-|A&3HY [ +#51+&,7/$,&,1/01A2,'$&, &, 14#$;19/$,2<&+,I-I<#+G&-17+9&!,'CH#5, 1#$;!
+&,/2+9&19/$,-+#'S-, 11 E3&IAZ610/+<254#-'/BI'$Y/+T/+#-&,|<#$.1/01-3& A&, -108H-2+&.,1/0/-38+17/7 254+
</;8510/+<,(1A2-1D'-3/2-1< #$.1/01-3&+15'<'-#-'/$, 11a/+|&LH<T5&(14Z6!</;&5, 1+&-# $I-3&I<H\/+!
~+&$C-3,1/01'$7H2-72-1</;&5,1J0255#99/2$-'$CI/OI#55!'$72-, (IRRD-/+1;&-#'5(1#$; HA'S - I1-10#7-2+&!
'$-&+:878%$:839'& K(IA2-1/*8&+9/<&)-3&I5'<'-#-'/$,1/015'$&H+'- . (I5#IG /0! AERBIF-&$-(15#9G/0'$ 72-!
HSI<T[+-1 2A --2-1$17/, ' A'5*-'&, (1#5;1;'00'925-. /O $O/+7/+#-'$CI+&,/12+9&19/$,-+#'$-, IIE3' I</;&5'SC!
HTT+#93I3#,|A&ES!, 3/D$!-/1+87+&,&$-1H$I &L 9&558$-10+#<&D/+G0/+H#$H#5 b'SCISH#- RABIHS; |<HS
b+ '<THO- 1#$:17/5'9.18,7/$,&,(1'$952; $CI:' +27-1$,1/01-+#$, 7/+-#-'/SI'SO+#,-+29-2+&1 J43&S1#S$;!
=/,&(10_M]d!=/,81&-#51(10_MWd!:*&-', #$1&-H51(10_MUKI!%E&#5,/19/$,-+ B8R HRB/<&!

" A2 S LIIT &, S-S &-#5I'SIEH, GIMI=&7/+-KI-/1H#$H#5 b&I-3&! SO RR-'/$#5!'<7#9-,1/0!
381 #,-&H) O&SHHN-BH-IOHD & 17 +27-1$,1/0VT/+-1T&+#-1$,1#$;1:' -2+ AH#$I&!/01-3&)' $54#$;10+& ' C3-!
+#$, T/ +-#-'/$1$&-D/+GI!

E6=[I",'#IKA/--I< RT7KI</;&5!-3#-1-+&#-,1&#931+&C'/$\#, 1#! & TH#+#-&!&I/BMEB&!</;&5!D#,192,-/<!
A25-1A.1-3&!+&,&#+931-&#<I#-1-3&!14&$-+&!/0IH/5'9.11-2;'& 1#-1Q'9-/+'#1)$*&+,'- I'$: 2 - +#5#I#$;13#,]
2%$;&+C/$&!,&*&+#51+&0'$&<&S$-,1IB/++",C&!&-1#51(10__Ud!%'--D&+(!0_MOKINE3&!E6=[!</;&5'$C!0+#<&D/+C
D#,1#,#7-&;1-/ 1-3&!)1111/$!-3&!A#," /01+&C'/SHBNK-#10/+1-3&!h&#+!0_M_(1,2775&<&$-&;!A.I*#+'/2,!
&5#,-'9'-'&,|C5&#$&;!10+/<!-3&!5'-&+#12B&L10&#-2+&!/0'E6=[(!'$!9/<7#+'/$!-/'/-3&+!4Z6!</;&5,(",!

%A “bottom-up” approach means that national results are aggregated based on regional economic outputs, which
are simulated initially in a multi-regional CGE model. Unlike the “top-down” approach to regionalization, typically
one of proportioning national values to regional levels on the basis of regional control totals, such as sectoral gross
output, as a proportion of national totals (see, e.g., Dixon et al., 2007), a multi-regional CGE model developed
through a “bottom-up” approach consists of multiple independent regional accounts and interregional trade
involving various commodities and factor flows. Since price and quantities in different regional accounts are
determined endogenously in the model by supply and demand both interregionally and intraregionally, the multi-
regional model is able to measure distinct regional impacts and associated regional spatial reallocations caused by
a policy simulation.

&The Armington and factor input elasticities of substitution in the TERM Model have accumulated in the work of
Peter Dixon and his collaborators beginning with the ORANI Model (Dixon, 1982) up through more recent work on
the US Multi-Regional Dynamic CGE Model (USAGE) (Dixon et al., 2017). The Armington elasticities take on values
from 2.0 to 10.0 and the input elasticities are typically around 0.5, which falls in between typical short-run and
long-run values. They are already more restrictive (have lower numerical values) than most other CGE models
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-IHA'S' - 1-/13#$,5& #IC+&H#-&+1$2<A&+!/01+&C'/$,1#$;!,&9-/+,1NNE3&!3'C3!;,&C+&&!/0+&C'/$#& ) &-#'5!1<#G
E6=['#!2,&025!-//5!0/+!&L#<'$'$C!-3&!+&R7£9'0'9!'<7#9-,1/0!,3/9G,1J&,7&9'#55.!, 2R7&!,3/9G KI!!
N$#;; - IS\ EC=['9/$-#'$, 1#!;&-#5&;!-+&#-<&$-/0!-+#$, 7/+-#-'1$!9/,- |#S$;!", I D&BR'-&;!-/!,'<25#-'$C!
-3&!&008&9-,!;2&!-/V; #<#C&,/0!-+#8$,7/+-#B1$0+#,-+29-2+& INE3&!E6=[[/;&5!3#,| A&&S$'2,&;!'SI<#$.!
-2;'&,1-3#-1#$#5 . b&!-+# R &5H#-&; ", 2&, 1#S$; ) [<&I#S#5.,&,1/0!; #,-&+INE3&IE6=[[/;&5!2,&;!'$!-3",!

-2, 1,-#-'9(1D3'93!,'<25#-&,!-3&!'<7#9- /017 /+-1#$;1-+#$, 7/+-#-'/$!$&-D/+G!;', +27-'1$,//$!- & !
&9/$/<.I/SHSHS2#5A#," 11

E3&!</;&5'$C!,-+29-2+&!/0IE6=[!",!,'<'B#+!-/I-3#-1/0!/-3&+!476!</;&5,!IB/++";C&('O_MOKI!H+/;29&+,!"$!
&#931+&C'/$I#+&IH#,,2<&;-I'<'$'<'D&IT7+/,29-'/$19/,-,1, 2A\&9-I-/\#I9/<A'$#-'/$/0V'$-& +<&; ' #-&!#$;!
T+'<#+.10#9-/+1'$72-,(1B9I31#+&!93#+#9-&+'D&; | A 1#14/$,-#$-165#,-'9'-.1/0112A,-'-2-'/$1J46 1K!$&,-'$C!

- +29-2+&,11:,'652 -+#-&;I'$!: 77&$; R(1#-1-3&!-/71$&,-15&*&5(1/2-72-',17+/;29&; ! A 19/<A'$'$CI#!
9/<7/,'-&! 0V 7+'<#+.10#9-/+,ID'-31#19/<7/,'-&!/0V $-&+<&;'#-&!"$7 2~ INE3&! 7 +H+ | 0#9-/+#CC+&CH-&!", 1#!
46119/<7/,'-&\0I9#7'-#5(15#$; (1#$; |S#A/+3&!5#--&+A&'SC!'- &501#146119/<7/,'-&!/0'5#A/+!A.,G'55!-. 7 &I!!
E3&IHCCHECH-&!'$-&+<&;'#-&I'$72-!" 1#5,/'#146119/<7/,'-&!/0'9/<7/,'-&19/<</;'-'&,(ID3'93!#+&!'$!-2+$!
46119/<7/,-&1/019/<<  [;-'& 10+/<I*#+'/2,1,/2+9& N1+ &7 +&,&$-#-*&!3/2,&3/5;I'$!&#93!+&C'/$!
<#L'<'D&,!2-'5'-.1-3+/2C3!72+93#,&,!/0!/7-'<#5!A2$;5&,!/0!C//;,I'$1#99/+,#$9&!D'-3!"- 1 7+&0&+&$9&, 1#3;!
A2;C&-19/$,-+#'$4l

E3&EB=[:#-#A#,&12,&;10/+1/2+1,-2;.19/$," - /OIY 1+&C'/$, HEXW!I&I/$/<'O!, &9-/+,NE3&I+&C'/$,!
'$952;&T!@:![&-+/1=&C'/$1I'$952;' $CI@/,):3C&5&, (12+H#SCE(HS;1="*&+,";&14/2$-'& K (11a![&+/!=&C'/$!
J'$952;'SCI:5H<&H#(14/$-+#14] #( [+ S(IFHTH(11#SIa+#$9" O/ (| LHSI[#-&/ (| 1#S-#1ABH#+#(1 1/5HS/ (14!
1/$/<H#19/2$-'& K(#$;1-3&!=&-1/014#5'0/+$ #(1#$;-3&!=&,-1/01-3&T) 1K 254-'/$,'$!-3& E6=[1[/:&5!
D#,19/$:29-&; A%, & VIS, 3/+- R 2$195/,2+&1+258&(12$:&+!D3'93IDHCEIDH, - +8#-&;1&LIC&S/2,5.(ID3&+&H,!
&<T75/.<&$-1" #\2,-&;1&$;/C&$/2,5.] |

N$V/+;&+!-1&*#52#-&!-3&!'<TH#I-,1/0V7/+-1#$;|-+#$, 7/+-#-'[$!$&-D/+G!;', +27-'/$,'#$;!-3&!&00&9-*&$&,,!/0!
+&,'5'&$9&!-#9-'9,1$/-1/$5.1#9+/,,1&9/$/<'9!,&9-/+,(1A2-1#5,/'#9+/,,1,/9'/&9/$/<'9IC+/27,1,7&9'0'9#55.!
'$9/<&ICH27 K(1#![25-R&9-/+INSI/<&!™,-+'A2-'[$![#-+'LII[IN"[K!O/+!-3&!,-#-&!/014#5'0/+$'#!",!
9/$,-+29-&;I1a'C2+&!Y7+&,&%-,1#!,93&<#-'9;&7'9-'/$!/OI#! [IN"[INE3&!<#-+'LI 7+/*";&,1-3&!&#+$'$C,!
7+/0'5&!1#99/+;'$C!-/1$'$&!"$9/<&!A+#I9G&-,10/+!&#93!7+/;29'$CH& 384 9/$/<.(I'| &I (! D3#-!
T+/7/+-'1$!/01-3&!7&+,/$#5!I'$9/<&!J'$952;'$CIA/-3ISHA/+I'$I/<&I#S; 19#7'-#5!'$9/<&KI7#';1/2-1A.1&#93!
,&9-/+1#99+2&,!-/1&#93!'$9/<&IA+#9G &-1J=/,&! & 1#5I(IMX]]d! @' &- 151 (IMXXXKI

|

employing CES production functions, and much more restrictive than those using Cobb-Douglas production
functions, where the elasticity of substitution has to be equal to 1.0. Overall, the estimation of the elasticities in
the TERM Model is relatively weak in comparison to a CGE model whose elasticities were estimated from a
consistent set of time series data, though we point out that few such models exist.

" A major focus of our study is the methodological contribution, such that our 4-region analysis is capable of
providing it and in a generalizable manner. Our 4 regions cover the entire US and thus the analysis can adequately
capture the spatial substitution effects among the sub-regions of California and between these regions and Rest of
uUs.
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"#$%E&'IP)1?5@"-, 2#5!F' #52#;3!; %/ B#'52;&1035;-'F#12&8#=%2#;3!M,R&#+

Income 125- 175 25-  325- 425-  55.  775-

Bracket <5k 5125k o sk 325k 425k S5k 77.5k 130k 130K
Industry
Agriculture
Construction
Manufacturing
Transportation
Service

X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
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#$,!H&+,/$#5IN$I/<&!IIP6:(10_MWKIMa/+! /5&!7+/7+ &1+, &M BE#{1#S; |- #RLE&ST-19//7 &+#-"*&,(!
-3&!192++&%-+/;29-'/$1'$9/<&!",1,3/D$!'$!-3&!H+/7+'&-/+ N IN$9/<&!+/D,1ID3'93!'$952;&!eMOIS!A'55'/$!/0!
aft+<!H+/7+'&-[+NN$9I/<&!#$;!le OSWIS!A'SSREFAE H+/7+'&-/+,NIN$I/< &K
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A'S5/$I'$14#5'0/+$#!'$!0 ! M]I

E3&!0'$#5!<#\/+19/<7/$&$-1/0!-3&!7&+,/$#5!'$9/<&!#99/2%- ' IH&+,/$#5!142++&$- [ E+#$,0&+!=&9&'7-,I!!
E3&,&!<#'$5.'$952;&!7#.<&$-,10+/<IC/*&+$<&$-D&5S0#+&#$; | A&S&O'-1 7+/C+#<,(1,293#,!,/9'#5!,&92+'- !
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<,=I'IN)I'4,/#E;&3#,!H'&1,;3,/1035;-'1=AIM,Q;&!4;-.;3'321!E;&!GR(S!
T-#//#,31E!C;//,&1U

Earnings by place of work 1,778,305
Wages and salaries 1,250,685
Supplements to wages and salaries 277,948

Employer contributions for employee pension and insurance funds 196,887
Employer contributions for government social insurance 81,061
Proprietors' income 249,672
Farm proprietors' income 12,348
Nonfarm proprietors' income 237,324

Less: Contributions for government social insurance 180,175

Plus: Adjustment for residence -1,948

Plus: Dividends, interest, and rent 538,325

Plus: Personal current transfer receipts 341,220

C%(2'.78#3.1'/%# +S:G@SE

Source: BEA (2019).

N$!-3',1,-2;.('D&!#;/7-1-3&!$'$&!3/2,&3/5;'$I/< &I A+#9G&-,|-3#-1#+&!12,&;'SIN[H@:F!J-3&!5#+C&,-!
7+*,&+!/01+&C/SHEI' S TR2-72-1#$;1,/9'#51#99/2$-"$Cl#-#1'$1-3&!) 11IKIN: 1,92, &; 'Sl &-#'5IA&S/D(!
D&!D'5512,&!IN[H@:FHB&!<#'$l;#-#1,/2+9&!-/";' -+ A2-&I T+/T+'&-[+ MN'$9/<&(!; ™", &S;,(/-3&+! 7T +/7 &+-.]
'PO/<&(1#S;1-+#$5,0&+,1#9+/,,1,&9-/+,1#$;'$9/<&IA+#IG &-, N E#AS&! Y 7+&,&$-,!-3&I$'$&IN[H@:F!3/2,&3/5;!
'PO/<&IA+H#IG&-,1#$;!-3&I$2<A&+!/013/2,&3/5;,!"$I&#93IA+HIG &-|

E/19/$,-+29-1-3&!'$9/<&!;' -+ A2-[$I<#-+'LI0/+IDHCE, HS$;! #5#+'&, (ID&IO'+ -19/5589-&;1;#-#10+/<1-3&IP@1!
29027#-'|$#516<75/.<&S$-11-#-'-'9,1J?6 1KIIP@1(10_MX#KINE3&I-D/I<# $I<#-+98&,ID&I2, &1#+&!-3&!
29027#-'$RS;2,-+.16<75/.<&$-I<H#-+LI#$;1-3&129027#-|$N$; 2, -+ 10#C&I<H#-+LINEI&I'S;2,-+'&, 1#+&!

! HCC+&CH-&;HRC-IFINALIS&*&51#S;1-3&1/9927#-'$19#-8C/+'&,10/55/ DR BEIV-#$:#-+!
29027#-'$H#51454, '0'04-'/$I!1a/+1&HO31/9927#-'$I- T&IOHIC*E&S!'S;2,-+.(IP@ 11261 #-#+ &T$51$/
-3RIHSS2HE & AHHCRII<EHSKIDHCE, (1A2-1#5 /I DT REHOES-'5&,!IM_(10U(IU_(IWU(IX_KIN?$&I5'<-#-'/$!
J01-3' 1:#-#1,&-1D#,1-34#-1-3&1<'$'<2<I14$: 1<HL '<2<IDHCEIT&+9&$-'5&, #+&IM_HE;IX_(1+8&,789-+8&5.(14$;!
38GO&!-1;/&, \$/-1+&H;'5. 1 T+ &V SO +<H-'[51/$I-3&IDHCEI+#-&10/+1-3&13'C3&, - 14$:15/D&, - | &#+$&-+, IIINS!
[+;8+1-11:8H#5ID'-31-3" I5'<"-#-'/$(ID&I&, -'<H#-&; HS$2H#5 I DHC &I +#-&,10/+#$1 &L -8$:&;!,&-1/0178+9&$-'5&, | IM(!
U(IO_(IY_(V_(1]_(XU(XXKI2,'$CI5'$&#+1'$-&+7/5#-'1$,10/55/D'$C!-3&1<8&-3/:/5/C.| R EEEI&: 145!
JO_MOKI#$:IH+#C&+1J0_MSKI

M]!
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

<,=/"P)IIOMH6DO!I;%1'@;/C!035;-'V&,57'21

T'>2%H'8<# “ D W#D#
U.17%#V(710% T'>2%H'8<@ T'>2%H'8<@
<15k 1,442,921 10.9%
15-30k 1,836,015 13.9%
30-40k 1,142,466 8.6%
40-50k 1,040,681 7.9%
50-70k 1,811,813 13.7%
70-100k 1,992,294 15.1%
100-150k 1,978,213 15.0%
150-200k 922,618 7.0%
200k+ 1,050,542 7.9%
Total 13,217,563 100.0%

I ! ! I Hource: IMPLAN (2018).

I

E3&!D#C&!;#-#10/+!1-3&!1?761!,2+*& 1#+&!,-RBRIC+/,, | T#.(1#$;1&L952; & 1#$.17+&<"2<I7T#.1IP@1(!
O_MX#KINNS#;;- [$(1#$.1/-3&+1&<T75/ &&IA&S&O'-, 1#3$;19/<7 &S, #-'1$,1#+&!$/-'$952; &; N INS!/+; & +!-/!
O#5925#-&!-3&!-/-#5!&<75/.&&!9/<7&$ #-'/$(!D&!9/55&9-R@IBH 5/.&+14/,-,10/+!6<75/.&&!

4/<7&$ #-'1$1 IP@1('0O_MXAKINE#AS&!IU!7+&,&%-,!-3&!7&+9&$-#C&,!/0!-/-#5!9/<7&$ #-'/$!A&-D&&S$!%#C&,!
#E; 11#5#+'&, HS; M #+'12,1-. 7&,1/0!&<T75/. &&IA&S&O'- | A I<#\/+1/9927#-'[$!9#-&C/+. 1#-1-3&!I$#-'/$#5!5& *&51!!
E#AS&!IVI7+&,&$-,15#+7&+9&$-#C&,|A.I<#\/+!'$;2,-+.1C+/27111%&!0'+,-19#5925#-&;!-3& ! E/-#5!

4/<7&S #-'[$!-/'%HCE, #S; | 1#5#+'&, | +#-'[\A.1/9927#-'I$!C+/2712,'$C; #-#I'SIE#AS&!U!-/, 9#5&12 7| D#C&!
H-#1-18&<75/.&&19/<7&$ #-'1$,1Na/+ &L#<75&(!-3&!D&'C3-&; 1#*&+#C&!+#-'/10/19238HD, ", IMISX(!
D3'93!",19#5925#-&;!A.!,2A-+#9-'$C!-3&!7&+9&$-#C&!/0!&<75/.&+!9/$-+'A2-'/$!-/'C[*&+$<&S$-!,/9'#5!
'$,2+#$9&1JYIUgK!0+/<!-3&IM__ gl#$;!-3&$!;*";&;I"-1A.1-3&!7&+9&$-#C&!/0!DHC&,1#$;! #5#+'&,1IV]IVgK!'$!
-[-#519/<7&$ #-'I$111%&!-3&B#\2,-&; | O+!-3& 1 *#+'#-'/$,1/01-3" | +#-'\#9+/,,I'$; 2 ,-+.1,&9-/+,1A.12,'$C!
-3&H-#IT+8&,&$-&;'SIE#AS&IVINa/+H&L#<T5&(!-3&IE/-#5!4/<78&$ #-'I$!-/1%#CE&,\#$; | 1#5#+'& 1 +#-'/1",|
+&5#-"*&5.1,<#55&+10/+!-3&!@&',2+&!#$;!B/, 7'-#5'-.1, &9-/+19/<7#+&;!-/!-3&!)-'5"-'&ll , &9-/+!

:0-&+ID&!IO#5925#-&;!-3&!I#$P2#5!&<75/.&&!9/<T7 &S #-'ISIA.),&9-/+!#$;1/9927#-'[$0/+!&#93!7&+9&$-'5&! IM(!
U(IO_(Y_('V_("_("XU(/+!IXXK(!D&!<25-'75.I"-IA.1-3&!$2<A&+!/0!&<75/.&&,!"$! &#93!7 & +9&$-'5&!'$-&+*#5!/0!-3'
19927#-'1$!'$!-3',1,&9-/+1-I'A-#'$1-3&!-/-#51&<75/. &&!9/<7&$ #-'/$,| A1 7&+9&$-'5&INF&L-(1-3&!-/-#5!
&<75/.&&19/<7&$ #-'1$,\A.17&+9&$-'B&!#S;!, &9-/+1#+&!#55/9#-&;!-/1-3&!+&5&*#$-13/2,&3/5;1'$9/<&!
A+#9G&-,INE3&!761!,&9-/+,I#+&#5,/I<#77&;!-/1-3&E6=[!4Z6!</;&5!,&9-/+,!J,&&!-3&E6=[!,&9-/+'$C!
,93&<&!'$:778&3; LIPKINa'$#55.('D&!2,&;!-3&!&,-'<#-&/0IE/-#5!6<75/.&&!4/<7&$ #-'1$,!'$!4#5'0/+$'#!'$!
O_M](!D3'93!D#,!eMISYV!-+'55"/$(1#,1-3&!19/$-+/5!-/- FBHBH#BO&!-3& ! &$-'+&!6<75/.&&!4/<T7&$ #-'I$!
<#-+'LID&!9/$,-+29-&; INNE3&!0'$#5!I<#-+'L!" 1 7T+&,&$-&;I'$: 77 &S, LIBWNEL

MX
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

<,='W)IH'&5'32}E!<;2,/14;-."31,2#;3!=AIX55%.,2#,3,/!L&; %!

‘ -(&%.* 3%412T5; 7%'8* 64#$%$.101)&%. . =1&',101)&* 914%“;*
I"HSY6& () 5+, (HS * 1081)2%&() * 6%.96,1% 0 0, 200 <)2#,%)"T 5°696:)42 =1>#,1'8*’
-(&% 21)1@'&:
I"#"$Y6&Y0H ()*+,-%. ./ #"0()"#1}%0" %1 233 456]  56) 869 5) 469 469
DI H"SY&Y6H ():;.#%. ()" #1)-1#"#<I"Q 233 456] =6 >65 463 263 463
DB+,-%../,#"0)"#1)+%0Y %1 233 456] 969 869 562 469 469
MNP <BR+. 233 456) 269 367 23) 2363 769
MIBH&"+C().%< #1"BEY6</"0)%1;<"/,#).<B,,0)
‘% <BYy- 233 446) 769 363 22) 2863 765
N))EROSL. Y%+%1)#;4.%. 233 476y  =6] >63 =6 26 462
F"0%.)"#1),--/9% 233 936] 469 867 =6) >69 967
NIF"0%.)"#1)+%07Y%1 233 976] 769 867 463 86 969
DIB--/<%o)"#1) " 1&HH.+" IHO%).;** &' 233 496§ 96 867 226) 763 969
Fo%+H)<% 233 926§ 769 862 567 76} 569
" 4"0)+%.,;+<%. ()<, #. "+ <"/ H(D)" 1 YoH"#<%) 233 49) 76} >63 ) 263 =67
N +;< #OYK +"<] #()-"+&/H#S()-| BI#E) ,+%. +T 233 446) 769 >68 563 9) 236]
DA ""00™ ) () & 1Yot #<%() " #1) + 95"/ + 233 496 462 >63 =63 769 562
@+, 1<) H#()+" 1.5+ #() H1) & Yo +"0)&, HIHS 233 476§ 4) 7 236 769 =63
B+, 1<% 233 446) 46 765 2369 >67 569
DINHHE ] H)"H1) & Yo+"0)&, HI#Y 233 476 263 >63 236) 269 =67
}A,"‘O) 23la 456$ 965 865 565 '?6'3 96:})
F,;+<%M)NOF)P832=:Q6
!
<,=l'Y)IH'&5'32l;E!<;2,/14;-.'31,2#;31=Al03C%12&A!L&!%.
28, 48 (@6 LT G lonan . 1&aoned
1(0$1)2%8&() *_(&%f 919%:1 7% 5*6%:")42 211082
RO0)S,+T%+.()$ V1, 1;</#$)/#1;."+/%) 233 4469 467 763 =68 763 567
DA+ < # ) 233 4=63 767 >63 5) 263 23)
DVH#-"<HES ) 233 476} 962 763 =65 767 969
MIRY+<H"E "<+ 233 436} 563 962 23) 963 467
RO0)S,+T%-+.(). Y% WH [KIA/#$)/#1;.+1%). 233 9365 963 >) 969 >62 964
NINH"L06()'+" 4%+ #()"#1);"10/'1%. 233 9368 463 865 568 768 563
MINB,0%."0%)'+"1% 233 9369 963 >63 969 >64 964
DNEPR"0)+" 1% 233 976y 765 868 465 863 563
DI #.*,+"1 #)"#1)S"+%B, ;. 1#$) 233 476y  9) >6% 2367 463 569
MNINY'/0r1%. 233 4363 562 >63 =63 2362 962
Mtt-,+&™1 # ) 233 446y ) 767 567 263 467
DK #<"0)" < IHI' 1%. 233 496y 562 267 567 >69 467
D)WY H <) #1) 4.+ #3% 233 446y ) 263 567 763 468
MID)IRPOLI)# Yo+ &Y LI #) " #1)+%0™ % 1) "< JH/'s 233 4465 =63 763 =63 >69 467
MDD+ H<Yo)<"++/%+.)"#1)+%0" % 1) ¥ TH/ (% 233 4763 565 265 563 762 463
MIEPL"0)%.""%)" #1)+%##"0)"#1)0%0". [#$ 233 9265 465 863 567 863 963
MB+,-%..1,#°0)"#1):;.#%. ). Yo+ HIK%. 233 9265 963 >68 463 >63 967
MN)YB+,-%../ #"0)"#1) %<B#/<"0).%yH/<%. 233 9269 569 >62 467 >63 463
M)RL&SH. +"[HY) " #1)S" '%).%+HJ<%. 233 9763 763 869 4) 263 =68
MY 1;<"1#)"#1)B%"0'B).%+H)<%. 233 936y 563 869 567 >64 963
o!
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28, 48 @6 LT G lona o 1&aoned
" 1(0$1)2%&'() * - (&%’ 91%:% 7%} ' 5%6%:")42 ?1)1@&2
NI <"1,#"0).%+H/<P6. 233) 9862 969 367 5) 765 465
IMMNMBDIH,+)<,00%$%.()<,00%$%.()"#1);#/H%+./ 233 4=69 =) 369 567 763 467
M 0'B)<"+%)"#1).,</"0)"...."#3% 233 93 56% 867 563 >67 962
)ID%!.;+9%)"#1)B,.*/"0JC 233) 956 >63 267 767 267 =63
MNIR<<,&8&, 1"/ #)"#1)-,,1).%+H/<%) 233) 9563 >62 267 267 267 2362
))B'BY%+).%+H)<%. 233) 95 263 267 967 763 5)
F™%)"#1)0,<"0)\, H%+#&%#' 233 4867 967 2) 2265 2265 767

F,;+<%M)NOF)P832=:Q6

E3&!;",-+'A2-/$0I7+/7+' &-[+N'$O/<&!#I+/,,1,&9-/+,1#P;'$I/<&IA+#IG&-,!", |9#5925#-&; | A#,&;!/$!
N[H@:F!;#-#INE#AS&IW!7+&,&%-,!-3&!;',-+' A2-'/$!/0V 7 +/7+'&-[+,M'$O/<&#</$C!-3&!$'$&!"$I/<&!IA+#9G &-,!
IA-#$&;10+/<IN[H@:FININS!#;; - IS(IN[H@:F!#5,/' 7+/*; & #-#!/$!-3&#</2$-1/01 7 +/7+'&-/+ N'$I/< &!
C&P&+#-&;!'$I&#I3!,&9-/+I11%&I#775.1-3&!;',-+'A2-'/$!7&+9&$-#C&, 1#9+/,,1-3&!$'$&!"$I/< &I A+#IG&-,!'$!
E#AS&IWI-/1-3&!-/-#517+/7+'&-[+ "N'$9/<&!0/+!&#93!,&9-/+!-/N/A-#'$!-3&!;' ,-+'A2-'/$!/0V 7 +/7+'&-/+ N'$I/<&!
#9+/,,'$9I/<&IA+#9G&-,!0/+!&#93!,&9-/+INE3&!2$;&+5."$CI#,,2<7-'[$!",|-3#-1-3&! 7+/7/+-'I$#5!;" -+ A2-'/$!
[0V7+/7+'&-[+ N'$9/<&#</$C!-3&!'$I/<&IA+#IG&-,!",|-3&! #<&!#9+/,,1#55! &%B/$#85.(!ID&!2,&;!-3&!
P6:1&,-'<#-&!/0!-/-#5!7+/7+'&-/+,"N'$9/<&!'$!4#5'0#$5!O_M](ID3'93!D#,!eOY XIW!A'S5'/$(1#,!-3&!9/$-+/5!
-[-#5!-/'+8AH5HPI&L!-3&!&P-'+&! T +/T+'&-[+ N'$9/<&!<#-+'LID&!O/$,-+29-&; INE3&!0'$#5!I<#-+'L!" 1 7T+&,&P-&;!

'$1:77&$;' LIE#AS&0IN!

<,=MZ)NF#128#=%2#;3!;EIH&;.&#'2;&1[!035;-',-;3$!035V&,57'21

T'>206H'8<# 8_(3((%’)'(2) C%(1%.)#
U.L1%HV(T10%) |5 1 A32)(37>)3#
<15k 0 0.0%
15-30k 2,179 1.2%
30-40k 2,992 1.6%
40-50k 4,179 2.3%
50-70k 9,880 5.3%
70-100k 16,441 8.9%
100-150k 29,035 15.7%
150-200k 24,061 13.0%
200k+ 96,691 52.1%
Total 185,458 100.0%

Source: IMPLAN (2018).
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N[H@:F#5,/'7+/*;&,\;#-#!/$!-3&!;" -+'A2-'/$!/01-3&!-/-#5!"*; &$; IH#.<&$-, |#$;1?-3&+H+/7 &+-.]
N$9/<&!ID3'93!<#'$5.I'$952;&,!'$-&+&,- 1 7#.<&$-, 1#3; | +&$-I'$/<&KI#9+/,,I'$I/<&IA+#I9G &-, IIIE#AS&!]!
7+&,8%-,1-3&!;',-+'A2-'1$,I'$IA/-3!;/55#+1#$;1 7 &+9&PS-#C&!-HAUNG#;; - IS(IN[H@:F#5,/1 7+/*; &, #-#!
1$1-3&1#</2$-1/01?-3&+!H+/7&+-.IN$O/<&!A.1,&9-/+111%&!0'+,-19#5925#-&;!-3&! 7&+9&$-#C&!;',-+'A2-'/$!/0!
?-3&+!IH+/7&+-IN$9/<&!#9+/,,!, &9-/+,(1#$;!-3&$I#775.1"-1-/1-3&!-/-#51#</2$-,1/01"*; &$; IH#.<&$-, |#S;!
?-3&+!IH+/&+-.IN$9/<&!'$!&#I3I'$I/<&IA+#IGC&-I-/|A-#'$!-3&!;',-+'A2-'/$1#9+/,,!,&9-/+,10/+1&#93!'$9/<&!
A+#9G&-IINE3&!2$;&+5."$CH#,,2<7-'[$!',I-3#-1-3&!7+/7/+-'I$#5!;',-+'A2-'/$!/0!"*"; &S$; |H# . <&S-, 1#$;!
?-3&+H+/7&+-.IN$9/<&!#</$C!-3&!,&9-/+,I"|-3&! #<&!#9+/, BHBER!IA+#9G&-, HI$#55.(ID&!2,&;!-3&!
P6:1&,-'<#-&!/0!-/-#51*";&$;,(IN$-&+&,-(1#$;!=&$-#HI$9/<&!'$!4#5'0/+$'#!'$!O_M](!D3'93!D#,!eUS]IS!
A'S5'/$(1#,1-3&!9/$-+/5!-/-#5!-RESHSI&!-3&!I#T'-#5!'$9/<&!<#-+'LID&!9/S$,-+29-&; INE3&!0'$#5!<#-+'L!",!
7+&,&$-&$:77&$;'LIE#AS&SI

!
<,='S)NF#12&#=%2#;3!;E!F#K#C'3CIH,A-'321!, 3CIX2@'&'H&;.'&2A!035;-",-;3$!035;-"1V&I57'21

C%(1%.)# E)H%(#  C%(1%.)#
A32)(37>)3'# C(&%()Q# A32)(3?>)3"#D
'D#A3-3<%.< U.1/%#  E)H%(#HC('&%()(

T'>206H'8<# A3-3<%.<#
U.1'/%# C7Q/%.)2#
V(710%) IYZJ#

C7Q/%.)&# IYZI# U.1'/%#
<15k 875.7 0.6% 1,615.1 0.8%
15-30k 2,894.3 2.1% 3,937.3 2.1%
30-40k 3,074.0 2.2% 4,037.3 2.1%
40-50k 3,708.9 2.7% 5,333.1 2.8%
50-70k 8,277.2 6.0% 16,400.0 8.6%
70-100k 11,305.7 8.1% 22,280.4 11.7%
100-150k 18,317.2 13.2% 31,230.9 16.3%
150-200k 14,291.9 10.3% 21,1393 11.1%
200k+ 76,059.8 54.8% 85,132.8 44.5%
Total 138,805 100.0% 191,106 100.0%

Source: IMPLAN (2018).

E3&!I0'$#5!9/<7/$&$-!/0!-3&!7&+,/$#5!'$9/<&!#99/2%-,!' 1-3&!7&+,/$#5!-+#$,0&+!+&9&'7-,11'$952;'$C!,/9'#5!
,&92+'- IA&S$&O'-, (1<&;'IH#5IA&B&O -, (I*&-&+#$M |A&LS&O -, (1#$;12$&<T75/.<&$-!'$,2+#$9&!IA&$&0'- KIIN[H@:F!
T+*&,#-#1/$1-3&!;,-+'A2-'1$!/010&; & +#5(!, #&!#$;15/9#5C/* & +$<&SP-I-+#$,0&+! 7#.<&S$-,!-/1&#93!
3/2,&3/5;I'$9/<&IA+#HIG&-INE#AS&IX! 7+&,&%$-,1-3&!;" -+ A2-'/$,'SIA/-31;/55#+1#$;17&+9&$-#C&!-&+<,II!
1'<'B#+1#,10/+!-3&!/-3&+!9/<7/$&$-,!/0!-3&! 7 &+,/$#5!'$9/<&#99/2%-,(1D&!2,&;!-3&!P6:1&,-'<#-&!/0!-/-#5!
H&#$#5!142++&$-IE+#$,0&+!=&I&IZ#5'0/+$'#!'$!0_M](!D3'93!D#,!1eSYMIO!A'55'/$(1#,!-3&!9/$-+/5!-/-#5!-/!
+&AH#SHPI&!-3&!-+#$,0&+!'$9/<&I<#-+'LID&!9/$,-+29-&; I!E3&!0'$#5I<#-+'L!" 1 7+&,&$-&;I'$: 77&$; ' LIE#ASE&!
4Y Na/+!-3' 1<#-+'L(1-3&+&!#+&!/$5.1$2<A&-BE$L-#-&!0! @/I#5! Z/*&+$<&$-1#$;|a&; & +#5! Z/*&+$<&$-!

+/D, 11!
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

<,=I"M\)VNF#12&#=%2#;3;E!H'&1;3,/!<&,31E'&!:'5'#.21!,-;3$!035;-'1V&,57121

o CY%(2.78#:(7.2D%# #  C%(2.78#:(7.2D%(*
T>2%H8<#  ¢0010638)24D(1#=)T)%  $%1%3&)2#DWUHY6(TE

3-1'/%0# \V178#,-%(/%.) # %([%.)  #

(710%) AT8>%  CO%(1%# #  AT8>%  CU(19f
<15k 13,216.5 8.2% 21,823.3 7.5%
15-30k 35,578.6 22.1% 59,075.3 20.3%
30-40k 21,303.7 13.3% 35,784.5 12.3%
40-50k 16,258.4 10.1% 27,693.5 9.5%
50-70k 21,277.3 13.2% 37,249.5 12.8%
70-100k 17,414.2 10.8% 31,633.1 10.9%
100-150k 14,870.9 9.2% 28,822.0 9.9%
150-200k 6,207.5 3.9% 13,075.8 4.5%
200k+ 14,644.7 9.1% 35,506.1 12.2%
Total 160,771.9 100.0% 290,663.0 100.0%

Source: IMPLAN (2018).

a'$#55.(ID&!H#;;&; 1#55!-3&I<#-+'9&,1/01*#+'/2,17&+,/$#5!'$9/<&!9/<7/$&$-,|D&!; &*&5/7&;!'$!-3&! 7+&*'/2,!
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A2'5;'$C,1#8$;10#9'5"-'&, 1#-1-3&!7/+-,1,'<25#-&;12,'$ClaB&N, 13#b #+;15/,,1&,-'<#-'/$!,/0-DH#+&RR
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YIIN$O+&#, BBI-+#$, 7/+-#-'1$19/,-, (1&;29-'/$,'$19/<</;-.1,2775.)  O#2 &;\A1-3&!7/+-;' +27-'1$,(#S$;!

A2,'$& 1'$-&++27-'/$,19#2,&;|A.I-3&!IC&$&+#5IA2'5;' $Cl#<#C&,!/0!-3&!,9&$H+'/| &#+13- EUHQAH, |
'$72-1'8l-3&1426!</;&5-/" ;&-&+<'$&!-3&!IC&P&+#5!& 2'5'A+'2<|JA+/#;1<25-'75'&+!&00&9-,!'$952;'$CIA/-3!-3&!
'<T5'9#-'/$,1/01" 2#$-'- 1#$;17+'9&193#$C&,K!-3+/2C3/3&1+&C'/$|

UIQ#+12,1-+#3, 7/+-#-'/$1+&,'5'&$9&!0#9-/+,1,293#,10#,-& + 1+ & 7T# '+ 1#$; 1 +&9/*&+.1/019+'-'9#5!9/++"; [+ KI#+&!
,'<25#-&;12,'$C!-38EF![/;&5!-/'&,-'<#-&!-3&!'<7+/*&<&$-,!-3#-1-3&,&!-.7&,!/0!;' #,-&+!+&,'5'&P9&!9#$!
A+'SCIHAIHE3&!&00&9-,1B¥/2,1&9/$/<'91+&,'5'&$IEHI-'9, 1+ &5H#-&;1-/17/+-1;',+27-'1$,1#$;| C&S&+#5!
A2'5;'$ClL#<#C&),2931#,13'71+&/2-'$C(1&LI&,, | 9#T#I"HI 2-19/$,&+*#-'1$(12,&!/0V'$*&S-/+'&, (!
+&5/9#-'I$KIH# 88! <#-&;I'$!-&+<,1/0!3/D!-3&.19#$!3&571+&;29&!-3&!<#CS$'-2;&!/0!-3&9 ¥ < 7#9-, I!

VIE384Z6!</;&5!",12,&;! -/1&,-'<#-&!-3&!'<7+/*&<&$-,!-3#-1-3&,&!-.7&,/0!;" #,-&+1+&,'5'&$9& ! 9# S A+'$C!
#A/2-IA19/<T#+'$C!-3&!&,-'<#-&;!&9/$/<'9!5/,,&,/A&O/+&!#$;1#01&3&!"$9/+7/+#-'/$!/0!-3&!*#+'/2,]
+&,'5'&$9&!-#9419,

|

( There exist examples of hard linkages in this topic area. For example, Cho et al. (2001) developed extensive
linkages between an economic and transportation model. However, the economic component was an input-output
(1-0) model, which is much less sophisticated and much less accurate than the CGE approach. The limitations are
due to the inherent linearity of I-O models and their inability to deal with cost and price changes, such as those
likely caused by transportation disruptions.
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-3&1&9/$/<.1#,1#1+&,25-1/0!-3&!,3/9GIE3&!'$-#5!;',-+'A2-'/$!#$;1-3&193#$C&; ;' -+ A2-'I$!19# S A&!
O/<TH+&;|AI#I$2<A&+!/0!1<&-+'9,(1,293#,!-3&!Z2'$'19/&00'9'&S$-(!-/!;&-&+<'$&!D3&-3&+!-3&!'"$9/<&!

V-t A2-1$13#, | A&&SP D/+,&P&; /+!'<T+*&; 1'% &#IGH/D5&; C&!,/<&!5'<'-#-'/$,1/0!],' STBE+ #<&-&+!
<&-+'9,!5'G&!-3&!172'$19/&00'9'&$-(!,/'D&!D'55!<#G&!2,&!/0\C+#73'O#51#77+/#93&,!/0!-3&1&$-"+&!;',-+'A2-'/$!
,2931#,1-3&!@/+&$b!92+*&!#$;|D'551#5,/12-'5'HEH2-&-& +!'$O/<&!; -+ A2-'[$1<&-+'9, 1#,!D&B5I

E3&!,&9/$;!,-&7!,I</+&19/<75'9#-&;(1'$!-3#-I"-|- #G &, 1'$-/1#99/2$-193#$C&, I'$!-D/!/-3& +I<#\/+10#9-/+,!
'$052&$9'$C!-3&!'$9/<&!;',-+'A2-'/$T!-3&!93#$C&, "SI FBFAUD +#-'/\#$;193#$C&, "SI 0#9-/+1+&-2+3,I!

S|
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P/-3!/0!-3&,&!,-'<25"1@$!A&!I9#5925#-&;IA.I-3&!EG=[![/;&5I!N$!-2+$(!-3&. #+&!2,&;!-/1#,\2,-1-3&![IN"[I!
E3&#)\2,-<&$-17+/9&,,!'$*/5*&,1+&-2+$'$C!-/1-3&!A#,'91A2'5;'$CIA5/9G,!/0!-3&![IN"[(!,293!#,!-3&!
%#C&C1#5#+.C6<75/.&&!4/<T&S #-'[$![#-+'LI#$;!-3&! 4# T RI&SH#- &, \N$O/<&![#-+'LE3&!93#$C&!'$!
OH#T'-HBHA/I+!+#-'/1" 1+&05&9-&;!A.1-3&!93#$C&!'$!-3&!+&5#-*&!D&'C3-,!/0!-3&,&!-D/I<#-+'9&, (1#$;!-3&!
O3#PCE&!'BI0#9-/+1+&-2+8,1#5,/1#00&9-,!-3&!+&5#-*&ID&'C3-,I1E3',|.'&5;, #I$&D![IN"[!-NA&I#T775'&;!-/1-3&!
*&9-/+1/01,&9-/+#5!'$9/<&!93HSCRHA I <#S$&+!,'< SH#+!-/1-3#-1,&, 9+ A&;I'$-3&I7T+&*' 12 N TH#+#HC+#T 3!
B&$PI&(I-3&!IA/--/E'S&!I'$I/<&!;' -+ A2-/$I'<THI- I#+&!;&-&+<'$&;!A.1-3',1,&9/$;!,&-1/019#5925#-'/$, 11!
%&!$/-&/$&!5'<-#-'/$!/01-3&I#SH5. ", (I'$!-3#-1"-1/<'- 1#$.10&&; A#9G! &00&9-,!/01 9 IHBC&!"$9/< &!

-t A2-1$1/$1&9/$/<'91#9-*'- IIES',ID/25;!-#G&! 7T5#9&!A&I#2,&!-3& !} ,-+'A2-'/$!/0172+93#,&!/0!C//;,!
#$;1,&+*9&,1A.13/2,&3/5;,!;'00&+,1#9+/,,'$I/<&IA+#IG&-, IIla/+&LA#<T5& (1 +&5#-*&5 . IC+&#-&+!;',-+'A2-'/$#5!
'<T#9-,1/$!3'C3RP9/<&!C+/27,'D'55!+&;29&!-3&!72+93#,&,!/0!52L 2+.1C//; 1+ &5#-*&5.1</+&!-3#$!-3& | A#,&!
'$9/<&!;,-+'A2-'$11B/D&*&+(!,-2;'&,!3#*&!,3/D$!-3#-1-3',10&&; A#IG!&00&9-/$!-3&! A/R/$&!'$9/< &!

-t A2- S - TO#55.1<293! <#55&+!-3#$!-3&!;'+&9-1#$;!I'S; '+ &O-I'<T#9- | +&(AB+/<193#$C&,!'$!-3&!
&O-[+#EI<'L(19# 7 BBEA/+1+#-'[(1#$; 1 +#-&,1/010#9-/+1+&-P+$,|

a'C2+&!U!;" 75#.,13/D!-3&1*#+'12,1#S#5.-' O#5!</; &5, #+&!'$-&C+#-&;'$!-3',1,-2; ININS! C&S&+#5(10/+<#5!
3#b#+; 1#S#5.,,14&,25-,I'], ST 25-B#b#+; |, &--'$C, 1#+&!+& 2'+&;!-/1+&#5',-'O#55.1,'<25#-&I#!;',+27-'/$!
'$1-3&!1$&-D/+Gl#3$;I'$!-3&!&9/$/<.I'a/+!-3',1,-2;.(13#b#+;193#+#9-&+'DH#-'/$I1#$; | #<H#HC&IH,, &,,<&$-!
+&,25-,10+/<!#19/$92++8&$-D/+G1J8/9!&-1#51(10_O_K(I$#<&5.!;#<#HC&!#$; ! +&O/[B&; 1K) 3&!19#,&!/0!
#1,'<25#-&;18#+-3 2#G&!, 9&$#+'\D&+&!I-HG&S!-/I'S0/+<!-3&!I-+#$,7/+-#-'I$!,.,-&<,1#$#5. " II:;;-'/$#55.(!
-3&! #<&!,9&$#+'[ID#,1,'<25#-&;1-/\&,-'<#-&!;#<#C&,!-/!/-3&+!A2'5;'$C,1J'1&I(1a6[:!B:>) 1 (1 Z&$&+#5!
P2'5;'$CI1-/9GKI#$;!7/+- NEBE3#D#+;1+&,25-,1'$0/+<IA/-31-3&!-+#$, 7/+-#-'I$],.,-&<!#$#5.,' 1 J1&&!
YIMIOIK!#$;!,/9'1&9/$/<'9V'<7#9-1#$#5.," 1!

Q:&<,0%0%(6&.+(3*6,#8&*3E&R (%' HE0&Y6#&F 0%, =*%(&<,0*0%(6&
<*=+2(0 &

E/I'552,-+#-&!-3&!D/+G'$C!/0!-3&!"$-& CH#R A/ +-#-'I$R/O'/&9/$/<'9I'<T#9-1</;,&5(!D&!2,&!-3&!
+&,25-,1/01#),'<25#-&;!,9&$#+'/1&#+-3 2#G&(1#![DIWIS!&#+-3 2#GC&19#2,&; | A.1#1+27-2+&!/0!-3&!H#5/,!
Q&+;&,14/$$&9-&;10#25-!,.,-&<!#-1#$!&7'9&$-+#5!;' -#$9&!MIY!G<!/00!-3&!H/+-,!/0!@/,!:$C&5&,1#$;! @/$C!
P&H#SIH, 1#19#,&!,-2; JINE3',|, 9&$H#+'1&*&S$-(1";&$-'0'&;!A.l; #CC+&CH-'$C!-3&!7+/A#A'5',-'91, &', <'9!3#b#+;!
'$1-3&I#+&H#I0/+ DB+ &-2+317&+'[;(ID#,],'<25#-&;11600&9-,!/0!-3& | &#+-3 2#GC & #+&!5'<"-&;!-/IC+/2$;!
,3#G'$CI/$5.1IN$!-3',1,&9-/$!D&!;',92,,!-3&!<&8:5/C.12,&;10/+1#;; - [$#5!3#b#+;193#+#9-&+'b#-'/$1#$;!
H<HCE&MH, &,,<&$-19#++'&;1/2-10/+1 IMKIA+;,C&,(1JOK!7/+- 1#$; 1 JOKIC&$&+#5!A2'5; $C, IINS!-+#8$, 7/+-#-'/$!
v &< HBH5. &, (IA+;C&, H#+&I+&CH+;&;1#,1-3&!</,-19+"-'O#5! & C<&$-,!|/0'#!+/#;1$&-D/+G!;2&!415/D&
+&;2%;#3$9.1#,,/19'#-&;!D'-3!-3&<I'E3&!7/-&$-#5! #<#C&,#$;!;',+27-'1$,!-/'H/+- /0! @/,!: $C&5&, #$;!
@/$CIP&H#I3IH+&1&,,&$-#5!-/1-3&!9#,&!,-2;.|A&I#2,&!-3& . 1#+&!-3&I<#'$!/+'C'$I#83;!; &,-'$#-'/$!/0!
'$-&+$#-'[$H#55.1-+#,&;19/<</;'-'&,I'$!-3&!+&C'/$l!

|

) Note that the seismic hazard scenario was originally characterized by the authors’ collaborators at UCLA CEE’s
Taciroglu Research Group for a concurrent study on comprehensive resilience assessment for transportation
systems in urban areas (Koc et al., 2020). The same reference provides detailed discussions on how a computer
vision enabled methodology is used to estimate damages to and restoration of bridges.
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"#$%AN032'$&,2#;3!;E!<&,31.;&2,2#;3!,3C!*5;3;-#5!M;C'/1!

Hazard Characterization & Damage Assessment
Resilience at Physical Level
Component Damage, Functionality and Restoration + Damages to Other Buildings

Transportation System Analysis

Resilience at System Level

Socioeconomic Impact Analysis
Resilience at Regional Economic Level

1
Model Network Topology !
Pre-disaster and post-disaster network topologies for !
the entire disruption timeline based on estimated 1
component damages and functionalities X

Py,

Run 4-Step Travel Model

for each network version

1 ez - -
| Initialization H
i Link capacities, speeds, costs etc. H
e e e e e e ———————

[ ; """" 1

! Network !

1 Skimming .

| Highway and transit

1 skim matrices :

[ [P
| T T T T e EEEEEE T, 1
! Trip : i Assignment :
' Generation ! ; Find congested
: Vehicle : v link costs and :
! availability, trip ! ' system level
: production and : : \r/n:.?szszy(\gg') :
__ _Srection. | User tozzz--z---f
____________ 1
X T i Eagllbra | Time of Day 1
o P 1 ! Internal and |
, Distribution , ,  external truck 1
! Utility based : I trips, time of day :
H destination ' | trip matrices,
[ choice : 1 HOV trips :

____________________ Ao e
. 1
i Mode Choice
I Run nested logit models |
1
1

to find mode choice '
behavior -

for every network version (pre-disaster baseline
and post-disaster restoration/recovery) and
a set of economic resilience tactics

Multi-Regional

1

1

i Computable General Equilibrium Model
H * Aggregate economic impacts on GDP,
1
1
1
1
1

Employment and Personal Income
« Sectoral impacts on Gross Output, Employment,
and Labor & Capital Income

Multi-Sector Income Distribution Matrix
Multiply sectoral changes in income by MSIDM to
find profile of income changes by income bracket

1

! Income Distribution Indicators

I Changes in Gini Coefficient and/or Atkinson Index
! between pre-disruption baseline and restoration
1 scenarios including cases for resilience tactics

System Level Functionality Indicators,
System Resilience Curves

Macroeconomic and Income Distribution
Impacts, Benefits of Resilience Tactics

N"#'$H).?40$.43F2.-9+.)$A+0+@)2$.4$%-0@)2
XJ'A+';C&,'$H#+&C'/$!/0V'$-&+&,-1#+/2$;1-3&!7/+-,111&&!a'C2+&!IVKID&+&!</;&5&;!A.!-3&#2-3/+,M
9/55#A/+#-[+,12,'$CI#19/<72-&+1*' '[$&P$HAL&;|<&-3/;/5/C.ID3'93!" |A&./$;!-3&!,9/7&!I3&+&IIE3&!
+&<#'$;&+!/0!-3&!A+";C&!"$*&S-/+.1'$!-3&!+&C'/$D#,!19/<75&<&B-&IHB[,!B:>) 1!,/0-D#+&!
Ja6[:(!0_M_KI'E3+/2C3#$!#,,&,,<&$-1/0!-3&!10+#C'5'-.102$9-/$,19/++&,7/$;'$C!-/!-3",13. A+";'$*&S-/+.(!
H<HCE!,-#-&IT+/IA#A'5'-'&,!10/+!-3&!9/<</$5.12,&; UL #<#C&!,-#-& | IF/$&(115'C3-(![/; &+#-&(16L-&S, *& (!
#$,14/<75&-&KID&+&!&,-' <G "#<#C&!,-#-&!+&,25-,!-'&!-/1-3&!+&,-/+#-'/$102$9-'/$,!C*&$!'$!B:>) 1!
-3#-1#55/D!-3&!&,-'<#-'/$!/0;/D$-'<&,1'4/$,& 2&$-5.('A+';C&!95/,2+&,|9#PI A& <75&<&S-&;!"$I*#+'/2,]
$&-D/+G!*&+,'/$,!-3#-19/55&9-"*&5 .1+ & 7+&,&$-1-3&!;',+27-'1$#F; |+ &9/*&+.1/0F,F&H-##/$! $&-D/+G!

2% &+1<&3$-'1$&;! 9&SH+'\&H+-3 2#G&I1a'C2+&!V!,3/D,IA+";C&I195/,2+&,/$!"#.IMI#0-&+!-3&! 9 &S#+'/!
&*&$-INE3&!+&9/*&+ BF&S!-'<&!I7#-3!/01-3&!:#<HC&;IA+";,C&,!", 1 7+&,&$-&;!'$!1&9-'/$!VISI!
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"#$%&'Y)IM;C'/'CIV&#CS'14/;1%&'1!;3IF, Al(!

118°32'W  118°30'W  118°28'W 118"26'W 118°24'W 118°22'W 118°20'W 118"18'W 118°16'W 118"14'W 118°12'W 118™10'W 118°8'W  118°6'W  118°4'W  118"°2'W 118°W
| |

Huntington

Park Whittier
® 33°58'N
N O
89158 Inglewood South Gate
c\;:‘
DOXDEY 33°56'N
33°56'N Lynwood
Hawthorne Norwalk
5 ® 33°54'N
33°54'N ®© y © Compton
Bellflower
u 33°52'N
33°52'N.
Lakewood
Redondo 00
Beach Torrance © 33°50N
33°50'N
33°48'N
48'N.
Region-of-Interest
EEOF g A 33°46'N
33°46'N_] Beach O)
©OF
| 33°44'N
33°44'N
33°42'N
33°42'N * .
Epicenter
Mw 7.3
33°40'N

118°32'W  118°30W  118°28'W 118°26'W  118°24'W 118°22'W  118°20'W 118718'W 118°16'W 118°14'W 118°12W 118°10'W  118%8'W  118%6'W  118'4'W  118°2'W

0 25 5 10 Kilometers E Day 1 Bridge Closures (Image-to-Model Inventory)
[ Region of Interest for Image-to-Model Approach
N © Day 1 Bridge Closures (HAZUS Inventory)
A * Epicenter of Mw 7.3 Event on PV Connected Fault System

—— Palos Verdes Fault

Note: see more details in Koc et al. (2020)

N"I"$H).?40$.4$F2.-9+.)$A+9+@)2$.4$C4*.2$45$L42%=(@)')2$+(BLA(@$<)+37?
E/,'<25#-&1-3&I[DIWISI&#+-3 2#G&! 0&$H+(1-3&!+&, &#+93&+,12-'5'b&; | BIaB[INOOM _(a6[:",!

3#b#+15/,,1&, -'<#-'/$ /0-DH#+&ID'-31-3&1:&0H#25-1A2'5; SCI'$*&S$-/+.L#-#I$1 7/+- H$; 1 3H-+A/+,1-/!

&' <H-&) H<HCIHS:102$9-'/$H#5"- 1#£-1-3&IH/+- 1/01@/,): SC&5&, #$;| @/SCIPE&HI3IIH+AHA'S'-'&, 10/+1&#93!
H<HC&! -#-&#,|D&55#,1-3&18 L 789-&;102$9- ISBBES, 1-3+/2C3/2-1-3&!+&9/*&+ |- <&5'$&IH+&!
&,-'<#-&10/+IMWMIOHO'5'- &, I'$1-/-#510/+IA/-317/+-, | IA&+-3, (1-&+<'$#5, (1&-91KI1%&!-38$12,&!/00'9 #510#9'5 - !
<HT,172A5' 3&;IA.1-3&I7/+-1#2-3/+'-'&, |-\ <H#$2#55.195#, '0.1-3&IA&+-3,I'$1-3&IB:>) 1I'$*&$-/+.' Bk«
O#+C/I9#-&C/+&,13#$:58;1A.1-3&I0#9'5'"-'&, | 20314, 1#2-/</A'5&(19/$-# $&+D&;19#+C/(1;+.1A25G (15" 2';|A25G (!
&-91(1-/15'$GI-3&I0#9'5'- 1;/D$-'<&, -/1;' +27-/$,1/0V' <7 [+-&; #$:1&L 7/+-&;19/<</;'-.105/D, 11! |

N">"$H).240$.4$F2.-9+.)$1)()*+'$<&-'0-(@$A+S+@)2

B:>)113#, #1:&-#'58&;15/, &, <#-'/$1<&-3/:/5/C.10/+!-3&:#<HC&, #$;1-3&!;'+&9-15/, & 1+&,25-'$CI0+/<!
-3&1*25$&+#A'5 - 1/01-3&IC&S&HH5IA2'5;'$C!, -/9GIIZP1K!-/1-3&),'<25#-&;1&*&$-11ZP1I'$952;&, 1+&. " &$-#5(!
O/<<&+QHE(I'$;2,-+H#E(I#C+925-2+#5(1+& 5 BILHERS-(1#$;18;29#-'/$#5IA2'5;'$C, (145;1-3&!; #<#C&!
H#-&IT+HAHA'S- 1/01-3&ICE&S$&HH5IA2'5:'SC!,-/9G!' 19/<72-&; 1#-1-38198$-+/";1/01-38198$, 2 1-+#9-1IE3&!
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H<HC&,-#-&,10/+1&#93IA2'5;'$C!-. 7&I#+&!5'$G&;!-/!-3&!; &0#25-1&9/$/<'9V#-#1,2775'&;!D'-3'$!B:>) 1!
J&LI(,-+29-2+#5!+&7T#'+19/,-,10/+1&#93!/0!-3&!;#<#C&!,-#-&,(!</;&5!A2'5;'$C!-. 7&,1#$;1/19927#$9'&, (!
9/$-&$-, i #<#C&I#,1#102$9-'/$!/0L#<#HC&!,-#-&(1&-9IK!-/1&,-'<#-&!-3&!;'+&9-1&9/$/<'9!5/,,&, I!" &-#'5&;!
1,92,,'1$,1/$!-3&!A2'5;'$CL#<#C&I#$;15/,,1&,-'<#-'1$!<& -3/;/5/C.19#$!A&!0/2$;!"$!-3&!9/++&,7/$;'$C!
-&93$' U5 I<#$2#5172A5',3&;!A.1a6]d6[:(!10_MAK

E3&!#-#AH &IA&I $B&IHTT+HI3! -/+8&,|A2'5; $CI'S0/+<#-'[$I#-1-3&19&$, 2, |-+#0-I5&*&510/+1-3&!,7&9'0'0!
19927#%$9.195#,,8,15' -&;'SIE#AS&IMO1a/+1&#9319&$, 2, I-+#9-1#$:1 7&+1&#0931/9927#$9.195#, (1, -+29-2+#51#$;]
$/$,-+29-2+#519/,-/O1+ & T#' +1/+1+&T5#98&<E&S-(15/,,1/019/$-&SSRALS&S-/+.15/,, (1+&5/9#-'/$19/ - (!
A2,'$&,,'$9/<&!5/, (1&<T75/.&&IDHC&IS/, 1#$;15/, |/01+&$-#5!'$I/<&IH+&I&, - <#-&;|I"&0'$'-'/$, /01 &#93!

5/, J0#-&C/+ . 1#+&I7+/*&:'$1-3&19'-&;1B:>) 11-8&93$' 945 <#$ 245 E/1'$0/+<1-3&IE6=[I[/;&5(1#55!,293!

+&,25- #+&IIHCCH+&CH-&;1271-/1-3819/2$-.15&*&5!/0!: &-# I E3&$!-3&178+98&$-#C&I/0IA2'5;'$CCI/$-&$-!
H<HC&, H+&IOH5I25#-&;10/+BES- .| @:1[&-+/'=&C'/$I!

<,=I'|(G)!?.'5#E#5!X55%.,35A14/,11'11E;&!12@'IL'3'&,/IV%#/C#3$!?2;57#3!ID"_?

I"#$ % Single Family Dwelling &'($ % Heavy

"#) % Mobile Home &'() % Light

I"#* O Multi Family Dwelling &'* % Food/Drugs/Chemicals

I"#+ % Temporary Lodging &'(+ % Metals/Minerals Processing
"#, % Institutional Dormitory &'(, % High Technology

I"#- % Nursing Home &'(- % Construction

N1$ % Agriculture 012% % Retail Trade

1"3% % Church/Non-Profit 012) % Wholesale Trade

/143 % General Services 012* % Personal and Repair Services
114) % Emergency Response 012+ % Professional/Technical Services
"(5% % Grade Schools 012, % Banks

"(5) % Colleges/Universities 012- % Hospital

% 0126 % Medical Office/Clinic

%3 0127 % Entertainment and Recreation

0128 % Theaters
012$9 %  Parking

S;&<,6(+%&I1=9*+%08&#-&%"(&.,=$A*%(E&F*6% TSP (&.+(3*6,#

E3&!<&-3/;/5/C.10/+!+&0'$'$C!-3&!$&-D/+G!</;&5!D#,!;",92,,&;!'$!" &5* & +# /BN Ol P#,&;/$!-3&!
+&,25-,10+/<!-3&!,&',<'913#b#+; 1#$#5.,",10/+!-3&!<&$-'/$&;! 9&S#H+'/ &AKEP&-D/+ G !*&+,'/$,I'$!-/-#5!

JO/+L#.,L (IM(IW(IS_(IX_1#$;IM_Y!#0-&+!-3&!&#+-3 2#C & &*&$-KID&+&!</;&5&;1#$;!-3&!,'<25#-'1$,10/+!&#93!
*&+,'[$!D#,19/<75&-&;12$;&+10'L&;!-+#* &5, &<#$;1#,,2<7-'/$,!-/1" 2#$-'0.1-3&!;',+27-'/$!#$;1+&9/*&+.!
[01-+#8$,7/+-#-'$I'$L3&!I+&C/SIEZ' | 7&+-#'$,!-/1-3&!,/52-'/$!/0!-3&!9/<75&-&!-+#00'9!;' -+ A2-'/$!#$;!
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#,,'C$<&$-17+/AB&<!0/+!&#93!$&-D/+G*&¥|+&9',&5.('MSW!A+';,C&, 1#+&!95/,&;!-/!,&+*'9&!/$!;#.IM('VO!
IS HIWIUN/SI"#IS _(IYUYSI"#IX _1#$,IMXS$!I"#.IM_Y la/&L#<75&('a'C2+&!V!,3/D,!-3&!95/,&;!
A+;C&,!/$!-3&!10'+,-1;#.1#0-&+!-3&!&#+-3 2#G&!J"#.IMI$&-D/+GKI11'<25#-'$CI&*&+.1$&-D/+ G 1*&+,'/$!0/+!-3&!
9/++&,7/$;'$CIA+";,C&195/,2+&,(!,.,-&<!5&*&5!02$9-'/$#5"-.I'$;'9#-/+,(1,293#,|E/-#5 | E+#*&5!E'<&JQ&3'95&
B/2+, EE+#*&GK (\E/-#5IE+#*&5!™ - #$9& ! JQ &BBE BE +#*&58H$;!"&5#.(\D&+&! 2#$-'0'&;!-/!
'$*&,-'C#-&!-3&!;',+27-'/$N

E3&!"2#3$-'0'9#-'/$!/0!-3&!<&P-'/$&;!'$;' 9#-/+,1#55/D!-3&!#2-3/+,!-/19#5925#-&!,.,-&<!02$9-'/$#5'-. 1#$;!

- 1+&,'5'&$9&!-/1-3&!,9&$H#+/1&*&S-1#92,,&; 'S Y IMIMI'a'C2+&!W!,3/D,!-3&!+&9/$0'C2+&;!1*&3'95&!05/D!0/+!
T#+-1/01-3&!,-2; 1+&C'/$!10/+!"#.IM(1#$;1a'C2+&!]1,3/D !, ,-&<!102$9-'/$#52(1)!10/+!-3& 1 &$-'+&!,-2; !
+&C'/$!#,|D&55#,!-3&!SI5#+C&,-19/2$-'&,(!@/,!:$C&5&, (1 ?+#SC&!#S$; 1="*&+,"; &It | 2T OI$HIH!
+&C/$HSI</A'S' - H+&IA, &+*&; (1 T#+-'925#+5.1'$!-3&!"#.IMI$&-D/+G(I'$!D3'93IMYW!A+';C&, 1#+&!;&&<&;!
95/,&;1-',&+*'9&I1"2+'$C!-3&!0'+,-ID&&G(ID&!&,-'<#-&!#!-/-#5!/0#77+/LK3#-&5.1 13/2+,C:#.!

#,,'-' I$#5!-+#*&5!-'<&!, 7&$-I'$!-+#00'9(ABW/++&, 7/$;,!-/'#VIUOQ!; &9+&#, & /0 EEE! JE/-#5 E+#*&5IE'<&K!
A#,&;102$9-'/$#5'1'$!-3&!,-2;.1+&C'/$I!:,1a'C2+&!]!; &</$,-+#-&,(!@/,!:$C&5&,14/2$-.1A2+;&$,!</,-1/0!
-3',102$9-'/$#5'-.15/,,|D'-31#IMMI]Mg!5/,,!'$!02$9-'/$#3 - I!

E3&! &,-'<#-&; +27-I$! J#$;! -3&! +&9/*&+.K! '$! -3&! +&C'/$H#5! —+#$,7/+-#-[$! ,.,-&<! "] 9/$*8&.&;! -/!
&O/B/<'QIHSHS. ' 1#-1-3&15&*&5!/0!-3&!+&C'I$#5I A+&H#G:IDS!'$!-3& E6=[![/;&5I!E6=[1+&C/$,!2,&;!0/+!-3&!

-2, &I @1 [&-+/T7/5'-#$):+&H#1I[1:KII'$952; $CI @/, ): SCEE &, (1 2+ HEKIGH &+, &19/2$-'& KI#$;1 =&, -!
J0VA:NEB&I-+#S, 7/+-#-'I$l:' +27-$1+8,25- 1& - <t-&: H-#}1<29313'C3&+1+&,/52-'$1I#-1-3&IE+#00'9L:$#5.,' |
>/$8&! 5&* &K #+&1 #CC+&CH-&;1 27! -/l B'EO/$! A+&H#G;/D$I! 1'$9&! EE"! JE/-#5! E+#*&5! " -H$O&K! A, &)
02$9-/$H5'"-. 15, OH#-&,1/$5. <#+C'$#51 93#$CE&, | C*&$!-3&! 3'C31+&;2$#$9.1'$1-38&!;&$, &! 2+A#$SIBE-D/+G
D&!12,&193#$CE&, 'SIEEEIIE/-#5IE+#*&5IE'<&K!; +&9-5.1#,1-3&!'S; O#-/+!/0103HSCE&, I'BI-+#$, 7/+-#-'/$19/ - ID3&S!
5'$G'$CI-+#S, 7/+-#-'/$1+&,25- 1-1&/$/<' < THO-WHSHE ., FIE, I&LT+&, &; 1, 17 8&+08S$-I'$O+&#, &V SISHA/+]
O/,-,1-3#-19/$,-'-2-&1-3&I5H+C &+, 3t+&(I#, ID&55H, 102857 &-+#- SIS, |<H#'$-&SHSI&IO/ - I1a/+1-3' |EEEIAH, &;!
02$9-'/$#5'-.(1+&,25-,10/+1&*&+.1$&-D/+GI*&-+, I$1#+&IALSIZ<H+G&;|-/1-3&'+ A#, &5'S&IS&IRISIGNE. ! KI#
[&O+&H,'$C! +&5H-*&) 02$9-/$H5'-.1" | T&+O&*&:1 #,! #] T&+I&S-HC&! '$O+&H &I '$! -+#$, 7/+-#-'/$1 9/ -l E3&,&!
&, -'<H-&| #+8I T+*:8&;1'S) EHASEEM/+!'$,#$0& (! ;2+'$C! -3&! 0'+,-1 DE&&G! #0-&+! -38! , 0&$H#+/1 &*&$-(! -3&/!
G-+ #+&C IBHEI-AHS, T/+-#-1$!$I @ [&-+YBIQ&, - <H-&: - A&IXI]]gI</+&!9/ -5 1#$:1-3&!'$-&++&C'/$#5!

AHS, T+ IS A&-D&ES!-3&! @:|[&-+/1+&C I$IHS; =& -1/014:1" 1& - <#-&; - A&IY IXY gl</+&19/, 5. I!!

|
" Under fixed demand assumptions, each simulation run takes about 2 days on the proprietary software platform,

TransCAD

" More than 11000 TAZs are used to model the travel demand in the SCAG region.

" High redundancy enables short detours, and TTD indicators change only marginally, while TTT indicators show a
major disruption. In Los Angeles, the dense street networks result in this phenomenon. In other cities, such as San
Francisco, closure of a few low redundancy links can result in significant decreases in TTD based functionality.
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"#$%&'12)14@,3%$'11#318'@#5/'1",J'E&;-IF, AIRIZ;IF, Al(1, E2'&I12@'1?5'3,&#;*K'32!| CYIRABH2©

118°25'W 118°20'W 118°15'W 118°10'W 118°5'W 118°W

34°10'N

1 -34°5'N

34°N _J

33°50'N.

Day 1 (Time of Day: AM Peak)
Bl % Change in Vehicle Flow w.r.t. Day O
<-50.00
<-25.00
—<-10.00
—<-5.00
—<0.00
33°35'N —<5.00
—<10.00
<25.00
<50.00
<10000.00
Day 1 Bridge Closures (Image-to-Model Inventory) 33°30'N
® Day 1 Bridge Closures (HAZUS Inventory)

33°40'N

118°25'W 118°20'W 118°15'W 118°10'W 118°5'W 8w

IT*#'5#A5&!/$5'$&!#B-TV, Tcc#+9CI',cB\"H
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"#$%&'IS)!$#;3,1?7A12'-1"%352#;3,/#2A11T2U

101

99

97

95

93

91

89

System Functionality Q(t) Based on Vehicle Hours Traveled

87

day O day 1

Qg. %

day 7

’gsass-s—ﬁssﬂ’ggag

147 bridges closed,

approx. 850,000 additional hours/day
spent in traffic in Study Region

day 30

Days

SR 7
-Q\Qq 0~00
I R
9
6339
—»— | OS ANGELES
—u—ORANGE
RIVERSIDE

day 90

=4-STUDY REGION

==-=-BASELINE

day 104 day 105

Based on Vehicle Hours Traveled (VHT) and shown for counties of Los Angeles, Orange and Riverside and entire
SCAG region (Study Region)

Note: The above 100% functionality for Riverside is a result of reconfigured flow. Due to major closures on 405S,

Riverside receives less traffic flow, which increases the travel time-based functionality.
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<,=I'"(N)!H'&5'32,$'1035&",1"'1#3!<&,31.;&2,2#;314;121E;&!032&,&'$#;3,/!,3CI032'&&'$#;3,/!
<&,31.;&2,2#;3!="2J"3!6DIM'2&;!:'$#;3!,3CI:'"121;E!I4D!! |

DAYS 1-7

FROM/TO  \O#Z_$SE#  $_=#EJ#6@&

LA METRO 9.88 4.94

DAYS 7-30

FROM/TO  \O#Z_$SE#  $_=#EJ#6@&

LA METRO 1.34 0.67
DAYS 30-90

FROM/TO  \O#Z_$SE#  $_=#EJ#6@&

LA METRO 1.28 0.64
DAYS 90-104

FROM/TO  \O#Z_$SE#  $_=#EJ#6@&

LA METRO 1.04 0.52

DAYS 104-105
FROM/TO  \O#Z_$SE#  $_=#EJ#6@&
LA METRO 0.92 0.46

1/10#+1'$1-3&!+&7/+-(1-3&!+&,'5'&$9&!/0!-3&!-+#$, 7/+-#-'1$] ., 88|, -#-'91+&,'5'&$I&N < # HS &B#,!
A&&ESIH2-I<#-'9#55.I'$-&C+#-&;I'$!-3&!&,-'<#-&,!/0! & 9/*&+.I'$!-&+<,1/01-3&!-+#$, 7/+-#-'[$!,.,-&<!
023$9-'/$#5'-.1<&-+'9,1J'1&I('QBE(IQ[E('QB"K('A.1#,,2<'$C!-3#-1-3&!-+'7, 1#+&!5/#;&;!/$!-/1-3&!; &C+#;&;!
-+#$,7/+-#-'1$1$&-D/+G!-/10'$;1$&D")61J2,&+!& 2'5'A+'2<KIAH#,&;!,/52-'/$,1-/1-3&!-+#00'9M#,,' C$<&$-!
7+/AS& BININS!O/$-+#,-(1-3&!+&9/*&+.1/0!-3&! #<#C&;| A+, C&,!" | &,-'<#-&;!-3+/2C3!-3&!B:>)1!
+&,-/+#-'1$!102$9-'/$,IIN$!/-3&+!D/+;,(I-3&+&!3#,|A&&$!$/!</;&5'$CI0/+!-3&!+&,'5'&$9&!-#9-'9,17/-&$-'#55.!
#*#'5#AL&IH#-1-38&!,.,-&<!5&*&5!-3#-19#$1#99&5& +#-&!-3&! &&KFOKB3.1/0!-3&!; &C+#;&;!,.,-&<(I'l&I(!

; $H<9I+&,'5'&PI&IINS!-3',1,&9-/$(ID&!7+&,&$-1+&,25-,10+/<I#1-&,-'$C!/0!,2931#1-#9-'9(1,7&9'0'9#55. 1#!
3.7/-3&-'9#5!'$-&+*&$-'/$IA.1-3&);&9", ' IPI<HCE&H+,!-|GE&&T| A+, C&, T &S!-/!,&+*'9&/$!-3&INY_U!9/++";/+!
A&-D&EXB&INY_UCNMM_#$;INY_UCNM_!'$-&+,&9-'/$,Ila/+!'$,-#$9&(!,2931#$!'$-&+*&$-'/$!9/25;1&$-#'5!-3&!
+HT'I'S,-#55<&$-1/0!-&<T7/[+#+.1,277/+-1,-+29-2+&,!,293#,1,3/+'$C!,.,-&<,!-3#-1#+&!/0-&$!2,&;I'$!A+',C&!
9/$,-+29-1$1112$!"#. IMI#0-&+!-3& !, 9&$#+'/1 &#+-3 2HEIRRQY | A+, C&,1/$!-3& < &$-'/$&;!19/++";/+ID&+&!

# |n parallel, the assumption that travelers have perfect information about the state of the network is made.
Consequently, UE outcomes of the degraded network versions are used to measure system disruption and
recovery.

'* WashDOT, 2001. Rapid Design of Temporary Support Systems for Bridges Damaged by Earthquakes:
https://www.wsdot.wa.gov/research/reports/fullreports/542.2.pdf
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IA&+*&;1-/\3#* &1 &, -'<#-&;102$9-'/$#5'-.15&*&5,195/,&WUQ!D3'93!",1-3&!95/,2+&!-3+&,3/5;!1<&$-/$&;!'$!
-3&!1&#+5'&+!,&9-'/$,1JH5&#,&!,&&!-3&!C+&&S$!7/'$-10&#-2+ QURBBITROLH!-3&,&!A+';,C& KI!"2&!-/1-3&!
Bt9G!/0L#-#1#$,15"-&+#-2+8&!/$!-3&!; . $#<'9!1+&,'5'&$9&I# T#9'-'&,/0/ DS &+, 1#$; 1#C&S9' &, (1#,1#$!&00/+-!-/!
-&,-1#17/-&$-'#5!-#9-'9(1-3&!#2-3/+,1#,,2<&!-3#-1-3&,&!]!A+",C&, 1 #+&!IG&T-1/7&S$!/$!"#.IM(13&$9&!
9/$-+'A2-'$C!-/\#10#,-&+1+&9/*&+.10/+!-3&!&S$-"+&!, }-&<I!

E/1"2#$-'0.1-3&!9/$-+'A2-'/$!/0!-3&! </+&! +#7";1[7&$'$C!/0!-3&! I A+',C&,!-/1,.,-&<!02$9-'/$#5'-.1;2+'$C!

"#. IMRVI#0-&+!-3&! 9&$#+'/1&*&$-(1-3&!#2-3/+ 1+ &'-&+#-&;1-3&!-+#$, 7/+-#-'I$],.,-&<,1#$#5.,'19/< 7 /$&$-!
[0!-3&! #$#5.-'9#5!1 0+#<&D/+G! <&$-'/$&;!'$! &# D&, ! a+/<!-3&! +&,25-,1 J1&&! a' CRAHEA! D& ! 0'$; ! #!

, CH0'MHP-I'<T+/*&<&S$-I-/!,.,-&<102$9-'/$#5'-.10/+1-3' -'<&I7&+'[;'$I19/<T7#+',/$|D'-31-3&!-+#3, 7/+-#-'/$!

- &<IA#,&19#,&D3&+&!-3&!]!A+";C&, #+&195/,&;!1-/1,&+*'9&!;2+'$C1%&&GIMI!17&9'0'9ABRA 1B &G KR!
+&;29-'/$!'$!102$9-'/$#5'-.15/,,I'$! @1:114/2%- . 1#S$;|#!+&;29-'/$!/0!00_(___ 13/2+,c;#.!,7&$-I"$!-+#00'9!'$!-3&!
,-2;1+&C'/$!D'-31+&,7&9-1-/1-3&! A#,&!9#,&I'E3', 1" 1#55!;2&!-/1-3&! +#T7";1+&9/*&+.1 /0! A+, C&,1 J/2-1/OIMYW!
95/,2+&,1/$!"#.IMK!";&$-'0 BB!-3&!-#9-'9(!D3'93!1&<73#,'D&,!-3&!I9# T#HA'S'- I-/#93' &*&!5#+C&!'<7+/*&<&$-,!
'$!+&,'5'&$9&!,-+#-&C'I#55.

"#S%N&' N\>IVE&H#CH'IIC!  X.'31%3C'&I2@FA3,-#5!: "1#/#'35'<, 52#5!="2J"3IF, A1!( EZ]!,3CM&#C$'1!
2@,2!- #3! 4/;1'CIC%&#3$12@"  <#-'! H&#;,C)!
!

Huntngton

64.1 Park Bell
o

Inglewood

74.8
O

Hawthome Willowbrook

(o)
(@ ompton

gaLan ale (o)

é.1
73.8 ..73.8 Gardena >

73.5
e 731 o
()

(+)

Torrance

. N
@ Day 1 Bridge Closures (ROI) o 157 315 6.3 Miles

O Day 1 Bridges Deemed Open under Resilience Tactic N T S TN NN N S S | A
® Day 1 Bridge Closures (HAZUS)

. SX
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I
"H#E%E&'I(R)!:'$#;3,/1?7A12'-1"%352#;3,/#2AI' T2UI='E;&',3C! E2'&!:"1#/#'35'14,52#5

101

o,
0.00
R A T
e e s < s o e 4 0 9 S 9 € D T S
° 99
>
o
-
"
-
3
o 97
I
2
(]
S
>
95
c
o 139 bridges closed,
T approx. 220,000 less additional hours/day spent in traffic
g in Study Region under Dynamic Resilience Tactic
©
o
93
)
o —»—LOS ANGELES
2
-‘_—u «-#-- LOS ANGELES (under Resilience Tactic)
. 91
2 ORANGE
(5}
c
= RIVERSIDE
('S
£ 89 =& =STUDY REGION
[T}
1
> 8. «««x++ STUDY REGION (under Resilience Tactic)
n S, 79
-=-=--BASELINE
87
day 0 day 1 day 7 day 30 day 90 day 104 day 105
Days |

Note: Based on Vehicle Hours Traveled (VHT) and shown for counties of Los Angeles, Orange and Riverside and
entire SCAG region (Study Region)

E#AS81Y,3/D,!-3&!9/++&,7/$;'$C!-+#8$,7/+-#-'1$!9/,-1'$9+&#,&,! J"#.,| RVKI A&-D&&S! -3&! +&C'/$,! /0! -3&!
E6=[![/;&5! A&O/+&! #$;! #0-&+! -3&! +#7",1 +&9/*&+.! +&,'5'&$9&! -#9-'9(! D3'93! D'55! A&! 2,&;! #, E6=[! </;&5!
'$72-,I'$!-3&!,/9'1&9/$/<'IV<THI-1#S#5., 'S 1&9-'/$!WINI

!
<,=/"1(P)'Tau!035&",1'11#384,31.;&2,2#,34,121!E;&!F A1 !="E;&',3C!,E2'&!12 @"1#/#'35'\<,52#3)

DAYS 1-7 base case DAYS 1-7 under Resilience Tactic

FROM / TO \O#Z_;$E # $_=;#E]#6@ \O#Z_;$E # $_=;#E]#6@

LA METRO 9.88 494 7.27 3.63
I
I
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O"I"B&(3.-4(+'-./$L422$+(0$1)34D)*/$+.$.7)$C4*. 2$45$L42%=(@)) 2$+(0$LA(@$<)+37$
"2&!1-1-3&!,7&9'#5!0/92,1/$!-3&!7/+-19/<75&L!'$!-3', 1 7+N\&9-(1'$,-&#;/10I1<#G'$C!,'<75&H#,,2<7-'/$,!/$!-3&!
+&<HS'SC! 02$9-'/$#5'-.! #-1 -3&! 7/+-,! #0-&+! -3&! ,9&P#H+'/! &*&S$-(! -3&! HR<TFH,&;! -3&! B:>)1!
<&-3/;/5/C.1-1'0'$;!1 &,-'<#-& /01 7/+-1+&<#'$'$C!02$9-'/$#5'-.10/55/D'$C!-3&! ,-+'G&!/0!-3&! &#+-3 2#G & ! #,!
D&5S5#,!'- 1 +&9/*&+.1 7#-31'B:>) L1 #99/<</:#-& \#! #-#A#,&! -3#-1 T+/*";&,!; &-#'5&;!'$0/+<#-'/$! /DS &+ (!
#,+&,,(19//+;'$#-&, (1 &-9IKI#A/2 -3&! A&+-3,1#-1-3&! 7/+- 1! BID&*&+(1#$!'$;2,-+.195#,,'0'9#-'/$! ,93&<&!",!
$/-1C* &SI E3&+&O/+&(1#,! 7T+&,&$-&;!'$! 1&9-/$!UIOI(!D&! 2,&;! /00'9'#5! 0#9'5'-.1 <#7 1 72A5',3&;! A.1-3&! 7/+-!
#2-3/+'-'&,1-/1<#$2#55.195#,,'0.1-3&!IA&+-3,1'$!-3&!B:>) 1I'$*&$-/+.I'$-/\<# BI&C/+'&,1/0'19#+C/ | 3#$;5&;!
A.l-3&!#<#C&;'0#9'5'-'$ EZ',| D#.(102$9-'/$#5"-.15/,,1#$;1 +&9/*&+.1"$0/+<#-'/$! D#,10&;!'$-/! -3& E6=[!
[/;&5!0/+!U!;'00&+&$-19#+C/19#-&C/+'&,1J9/$-#'$&+'D&; ([A+&#GA25G(!;+.1A25G (15" 2";|A25G (#2-/</A'5 &, KIIE#A
MJ,3/D,!-3&,&!&,-'<#-&, 1, & T#+#-&5.10/+H/+-1/0!@/,1: $C&5&,1#$;! @/$C!P&#I3I

<,=/I( WIH'&5'32,$'l;EIH;&2!"%352#;3,/#2A1,3Cl:'5,K'&AI*12#-,2'1!E; & IF#EE'& 3BAB&HE3$!

<'&-#3,/1!

C'()# D#\'2#0.9%8862 # # # # # # #
171383)3962 ATQH#  ATQHA ATQHE ATQH# ATQHAM ATQHEIM ATQHI@M

6'.)73.%(#:%(/3.782 51.57 66.47 71.96 72.96 75.74 87.19 100.00
V(%707?580 51.40 66.30 71.80 72.80 75.60 87.10 100.00
A(Q#V>80 52.00 66.90 72.40 73.40 76.10 87.40 100.00
\3'>3<#V>BO 51.48 66.38 71.86 72.88 75.64 87.14 100.00
0>)/'238%2# 53.40 68.25 73.70 74.70 77.30 88.20 100.00

C'()# D\ .9#V%7 B # # # # # # #
171383)3962 ATQH#  ATQHA ATQHE ATQ#H# ATQHAM ATQHEIM ATQHI@M

6'.)73.%(#:%(/3.782 59.73 74.03 79.22 80.05 82.16 91.04 100.00
V(%707?580 60.00 74.26 79.41 80.21 82.32 91.15 100.00
A(Q#V>80 58.91 73.34 78.54 79.39 81.56 90.72 100.00
\3'>3<#V>BO 58.38 72.82 78.06 78.88 81.14 90.48 100.00
0>)/'238%2# 60.70 74.90 80.00 80.80 82.80 91.40 100.00

O">"$1)()*+'$<&-'0-(@$8.43MS$A+9+@) 2$-($1*) =(@BLY2S
E#ASEMNI+&,8$-,1-3&!IC&PE&+#5IA2'5;'$Cl#<#C&!#-#19#5925#-&; | A#,&;!/$!-3&!B:>) 11&#+-3 2#G&!
,'<25#-'[$!1+&,25-, I|E3&!7&+9&$-1A2'5;'$CI#$;19/$-&$-15/,,&,1I5#,-19/52<$K ", 19#5925#-&; 1A.1;"*";'$C!-3&!
,2<!/0;/55#+15/,,&,I'$IA2'5;'$C1#$;19/$-&$-,1#9+4);3&!-3+&&!9/2$-'&,!/0!-3&! @:![&-+/'=&C'/$!A.!-3&!
-[-#51&L7/,2+&!*#52&,!/0'A2'5;'$C!,-/9G, I1?$1#*&+#C&(1*#+'/2,|1A2,'$&,,!,&9-/+,I'$!-3& @:![&-+/'=&C'/$!
&LT7&+'&PI&!T+/7&+- . #<#C&,+#PC&I0+/<IMIYQ!-/'VIOMgIIE3&!,&9-/+,1-3#-1&L 7&+'&$9&!-3&!3'C3&,-!
T+[7&+1;#<#C&,"'$952;&!B'C3!E&I3F/5/C.INS;2,-+.('a//;c"+2C,c43&<'I#5,IN$; 2, -+.(1#$;1%3/5&,#5&!
E+#;&I
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NSIE#ABBIDE&!0'+,-1<#77&;!-3&!7&+9&S$-#C&!7T+/7&+- | #<#C&,10+/<IB:>)11/9927#$9.195#,,&,!-/IE6=[!
&9/$/<'9!,&9-/+,INF&L-(1-3&!D&'C3-&;#* &+#CE&!+&9/* &+ .JIP&HEO-/+!" 19#5925#-&;1'$14/52<$!Y!12,'$C!
-3&1'$0/+<#-'/$!/$!A2'5;' $Cl#<#CE&!,-#-&,1IF/$&(115'C3-(1[/; &+#-&(16L-&$, *&(1#$;14/<75&-&K #$;!-3&!
#,,/9'#-&;1+&9/*&+.!-'<&!J<&#,2+&; 'S #. KIA/-3I/A-#'$&;10+/<!B:>) 11IIN$!-3&!5#,-19/52<$(!-3&! 7&+9&$-!
1&,-+29-1$!/019#7'-#5I'$72-1',|19#5925#-&; |/$!1#$I1#$S2#5! A#,' |A.1<25-'75."$C!-3&!7&+9&$-IA2'5;' $CI#$;!
9/$-&%$-15/,,&,!A.1-3&!7&+9&$-1/0!-'<&!/*&+!/$&! . &#+!'-I-#G &, I-/'+&9/*&+10/+!&#93!,&9-/+1!!

<= (V)IF#&'5216;11!*12#-,2"11TV%#/C#3$!,3C!4;32'32!6;11'1IEX&IA@'6D!M'2&;!:'$#;3!T6; 1!
D3$'/'1]'X&,3%',3CL:#K'&1#C'14;%32#1MU

Occupancy Definition Building Content Total Exposure % Building &

Class Loss (M S) Loss (M S) Value (M $) Content Loss

AGR1 Agriculture 55,931 21,286 2,692,677 2.87%
comMm1 Retail Trade 1,136,455 407,194 36,584,328 4.22%
com2 Wholesale Trade 1,550,634 547,609 44,862,051 4.68%
coM3 Personal/Repair Services 790,633 297,464 26,745,228 4.07%
com4 Prof./Technical Services 2,890,156 1,096,050 97,526,179 4.09%
COMS5 Banks 133,441 51,242 4,919,510 3.75%
COM6 Hospital 248,196 130,784 12,262,975 3.09%
com7 Medical office/Clinic 566,333 312,068 18,581,869 4.73%
comM8 Entertainment & Rec. 958,030 342,208 28,844,919 4.51%
CoOM9 Theaters 33,098 11,575 957,793 4.66%
EDU1 Schools 324,234 129,665 14,528,751 3.12%
EDU2 Colleges/Universities 67,382 42,778 3,914,696 2.81%
GOV1 General Services 145,763 51,576 4,348,859 4.54%
GOV2 Emergency Response 31,361 17,461 1,350,226 3.62%
IND1 Heavy 710,297 394,763 22,782,954 4.85%
IND2 Light 703,994 399,674 22,937,561 4.81%
IND3 Food/Drugs/Chemicals 343,729 194,114 10,176,421 5.29%
IND4 Metals/Minerals Processing 94,854 51,968 2,893,606 5.07%
IND5 High Technology 73,124 41,350 1,843,089 6.21%
IND6 Construction 272,069 102,633 11,127,149 3.37%
REL1 Church/N.P. Offices 489,390 185,631 18,533,206 3.64%
RES1 Single Family Dwelling 11,577,632 3,264,336 1,036,315,753 1.43%
RES2 Mobile Home 390,076 44,305 10,450,711 4.16%
RES3A Multi Family Dwelling - Duplex 312,416 73,417 14,271,921 2.70%
RES3B Multi Family Dwelling — 3-4 Units 686,953 161,152 33,351,463 2.54%
RES3C Multi Family Dwelling — 5-9 Units 1,345,659 315,986 67,098,742 2.48%
RES3D Multi Family Dwelling — 10-19 Units 1,184,211 278,017 59,984,901 2.44%
RES3E Multi Family Dwelling — 20-49 Units 1,217,032 285,070 61,599,244 2.44%
RES3F Multi Family Dwelling — 50+ Units 1,235,564 289,291 63,712,570 2.39%
RES4 Temporary Lodging 264,024 54,375 9,184,425 3.47%
RES5 Institutional Dormitory 492,615 107,345 26,341,777 2.28%
RES6 Nursing Home 43,986 9,603 3,588,936 1.49%
Total 30,369,272 9,711,990 1,774,314,490 2.26%

Note: Building losses include both structural and non-structural losses.
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<= (2D'L'3'&,/"V%#/C#3$!F,- $'E;&!I6DIM'2&;!:'$#;3

_sz# I Wi#V>3B<3.94[# | 0-96(7996#$%1"% A‘%;ﬁ%?f:?'i
=%1)'(#4 6'.)%.)#\'22 # 3I%H#HIATQR] 0. >78H#\7220
1 Crops 2.87% 60 0.47%
2 PoultryEggs 2.87% 60 0.47%
3 Livestock 2.87% 60 0.47%
4 OthlLivestock 2.87% 60 0.47%
5 ForestFrsHnt 2.87% 60 0.47%
6 OilGas 5.07% 211 2.93%
7 Coal 5.07% 211 2.93%
8 OtherMining 5.07% 211 2.93%
9 BiomassGen 4.09% 251 2.81%
10 CoalsGen 4.09% 251 2.81%
11 GasGen 4.09% 251 2.81%
12 HydroGen 4.09% 251 2.81%
13 NuclearGen 4.09% 251 2.81%
14 RenewGen 4.09% 251 2.81%
15 ElecDist 4.09% 251 2.81%
16 NatGasDist 4.09% 251 2.81%
17 WaterSewage 4.09% 251 2.81%
18 ResidConstrt 3.37% 164 1.51%
19 OthConstruct 3.37% 164 1.51%
20 HwyBrdgCons 3.37% 164 1.51%
21 OthMaintain 3.37% 164 1.51%
22 MRstreets 3.37% 164 1.51%
23 FoodProc 5.29% 211 3.05%
24 BevTobManu 5.29% 211 3.05%
25 Textiles 4.85% 211 2.80%
26 Apparels 4.81% 211 2.78%
27 LeathFtwr 4.81% 211 2.78%
28 WoodProds 4.85% 211 2.80%
29 PulpPaperPbd 4.85% 211 2.80%
30 Printing 4.81% 211 2.78%
31 PetrolRefine 5.29% 211 3.05%
32 OthPetrolCl 5.29% 211 3.05%
33 Chemicals 5.29% 211 3.05%
34 RubPlastic 4.81% 211 2.78%
35 NonMetMinPrd 5.07% 211 2.93%
36 PrimMetals 5.07% 211 2.93%
37 FabriMetals 4.85% 211 2.80%
38 AgriMachinry 4.85% 211 2.80%
39 IndustrMach 4.85% 211 2.80%
40 CommrcMach 4.85% 211 2.80%
41 AirConHeat 4.85% 211 2.80%
42 MetalWkMach 4.85% 211 2.80%
YS
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. $zZ# O 71924 WHV>38<3.94[# | 0-%(79%645%1'-% A‘%;ﬁ%?f:?'i
=%1)'(#4 6'.)%.)#\'22 # 3I%H#HIATQR] 0. >78H#\7220
43 TurbnEngine 4.85% 211 2.80%
44 OtherMach 4.85% 211 2.80%
45 Computers 6.21% 266 4.53%
46 CmptrStorage 6.21% 266 4.53%
47 ComptrTrmEtc 6.21% 266 4.53%
48 CommunicEqp 4.81% 211 2.78%
49 MscElctEqgp 4.81% 211 2.78%
50 Semicondctr 4.81% 211 2.78%
51 Elecinstrmnt 4.81% 211 2.78%
52 HholdEqp 4.81% 211 2.78%
53 MVPManu 4.85% 211 2.80%
54 AerospaceMan 4.85% 211 2.80%
55 RirdCars 4.85% 211 2.80%
56 ShipsBoats 4.85% 211 2.80%
57 OthTrnEqp 4.85% 211 2.80%
58 Furniture 4.81% 211 2.78%
59 MiscManuf 4.81% 211 2.78%
60 WholesaleTr 4.68% 217 2.78%
61 AirTrans 4.09% 251 2.81%
62 RailTrans 4.09% 251 2.81%
63 WaterTrans 4.09% 251 2.81%
64 TruckTrans 4.68% 217 2.78%
65 GrdPassTrans 4.09% 251 2.81%
66 Pipeline 4.09% 251 2.81%
67 OthTransprt 4.85% 211 2.80%
68 Warehousing 4.68% 217 2.78%
69 RetailTr 4.22% 217 2.51%
70 Publishing 4.81% 211 2.78%
71 MovieSound 4.09% 251 2.81%
72 BroadcastSrv 4.51% 186 2.30%
73 Telecomm 4.51% 186 2.30%
74 InfoSvce 4.09% 251 2.81%
75 DataProcScv 4.09% 251 2.81%
76 FinancBank 3.92% 219 2.36%
77 RealEstate 4.09% 251 2.81%
78 RentLease 4.09% 251 2.81%
79 Assetlessors 4.09% 251 2.81%
80 PrfSciTchSrv 4.09% 251 2.81%
81 WasteMgmt 4.54% 259 3.22%
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. $zZ# O 71924 WHV>38<3.94[# | 0-%(79%645%1'-% A\(%?(Z‘?S;?ff:%i
=%1)'(#4 6'.)%.)#\'22 # 3I%H#HIATQR] 0. >78H#\7220
82 Education 3.12% 223 1.91%
83 HealthSocAs 3.91% 249 2.63%
84 ArtsRecreat 4.51% 186 2.30%
85 Accommodatn 3.47% 247 2.35%
86 EatDrinkPIce 4.51% 186 2.30%
87 OthService 4.07% 217 2.42%
88 GovEnterprs 4.07% 217 2.42%
89 StalocGov 4.54% 259 3.22%
90 OwnOccDwell 4.08% 238 2.69%
91 FedGovt 4.08% 238 2.69%
92 Holiday 4.51% 186 2.30%
93 FgnHol 4.51% 186 2.30%
94 ExpTour 4.51% 186 2.30%
95 ExpEdu 3.12% 223 1.91%
96 WT_EXP 4.09% 251 2.81%
97 AT_EXP 4.09% 251 2.81%

U; & #+ #(+#3H=, +&I=9*+0608#-&%' (&.,=SA* U (E&F*6%'T$*D(&
+(3*6,#&

E/N,'<25#-&1-3&I<#9+/&9/$/<'9I'<7#9- /017 /+-'+27-'1$,(\D&!0"+,-I-+#$,5#-&;1+&;29-'/$,I'$! 7/+-!
02$9-'/$#5'-.1'$-/1;',+27-'1$,1/01'<7/+-1#$;!1&L7/+-105/D,!-3+/2C3!-3&!-D'$! 7/+-,111%&!02+-3&+!9#5925#-&;!
-3&17&+9&$-#C&!+&;29-'/$,1'$!'<7/+-12,&,1#$;\&L7/+-17+/;29-'1$! A1, &9-/+!'$!&#93!/0!-3&!E6=[!+BIC'/$
N$!-3&IE6=[![/;&5(1-3&!'<7/+-1;',+27-'[$D#,!'<75&<&$-&;!-3+/2C3!#!,3/9G!/0!-3&!'<7/+-17+'9&!J0'<7 K!
*#+'#AB&ID3'B&!-3&!;,+27-'/$!/01&L7/+-ID#,I'<75&<&$-&;!-3+/2C3#1,3/9G!/0!-3&! &L 7/+-I"2#$-"-.1J0 &L 7K!
*H#+'H#ASE!

E#ASR)!7+&,&$-,!-3&!IC+/,,1;/<&,-'A7+/;29-1JZ"HKI'<7#9-,1/01-3&!7/+-1;',+27-'/$,10/+!-3&! ,&*&$!G&.!

& +1-3&1+&9/*&+.17#-3INE3&!5#,-1+/D!/0 EAPNTER, &$-,!-3&!-/-#512"H!5/,,& | /*&+!-3&!&$-'+&!
+&9/*&+17&+'[;//0IMU_L#. INE3&IZ"H!'<7#9- 1#+&!'$-&+7/5#-& ;| A&-D&&S!#S.I-D/'G&.|;&; IBKH3&!
#,,2<7-'/$!/0!5'$&#+!+&9/*&+.13#,I'552,-+#-&;!'$la' VABAH! 2 AR &C'/$,I'$!14#5'0/+$'#KINa/+!-3&! @:![&-+/!
=&C'/$(ID&!&,-'<#-&!-3#-1-3&!7/+-1;',+27-'/$,19#2 ,&;|A.I-3&!,'<25#-&;|&#+-3 2#G&!,9&$#+'/'D/25;!1+&,25-!
'$l#leMIUMIA'S5/$!5/,,I'$IZ"H#!_IOMXQg!+&;29-/$IIIE3&!/-3&+!+&C'/$,!'$14#5'0/+$ #!#,|D&55 #,!1=&,-1/0!
MNLIHS,/1&LT7&+'&$9&!IZ"H!S/, &, (1A2-I'$!, <#558&+I<#C$'-2;&,!'$! 7&+9&$-#C&!-&+<,!A&#2,&!@:!1=&C'/$!",!-3&!
;' +&9-1+8&9'7'&$-1#$;!;'+&9-12,&+!/01$&#+5.1U_g!/0!-3&!'<7/+-1,3'7<&$-,!-3HRAC 0! @/,!:$C&5&, 1#$;!
@/$CIP&H#931J0/+1'$72-,I'$-/17+/;29-'/$1#$;10'$#5!; &<#$; KINEI&!-/-#512"H!5/,,&,10/+!-3&!) 1 111#,1#D3/5&!",!
#A/2-1eXIYIA'B5'/$(1-3/2C3!-3' 1" 1/$5.15&,,!-3# S 1 #RB&-3!/0!/$&! 7&+9&$-!;&95'$& #-1-3', 15&*&5!!
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<=1 (9! /ILFHIO-.,5211;EIH;&2!F#18&%.2#;B1!
T-#/1#:3\GR(R!b!,3C!.'&5'321&'C%52#; 3| E&; BH#1,12'&!/'K'/1U
\OHZ%)(#  =HZ%)(#  $%2)#DHE0 $%2)#DHP= P=#)78

Doy 1 BOI_ RAWI! RISIC RIYMI  RO_SIX
Rl YVg RI_YOg RI_OWc¢ RI_MSg RI_Mvg

Doy 3 ROOIC RIMI] KIS RKYIU  RISWI

RI. SOg RI_OXg RI_MXg RI__Xg RI_MMg

Doy 7 RI]IS RIW RVIV RVVI>  RMMOI
R OVg RI_OYg RI_MVg RI__Wg Rl Xg

Doy 14 RAWIL KIS RVIY RVYI.  RVM_]JIO
RI. OUg RI_0Sg Rl _MUg RI__Wg RI__Xg

Day 30 RIUI] RY R/IV R/VIV RWIY
RILOSg RI._OMg RI_MYg RI_Vg Rl g

Day 50 RO RIY BIY BUI] RIMIV
RI. MOg RI_MMg RI__Wg RI__Sg Rl Yg

Day 150 - - - - -
9 _9 9 _9 _9

total RA(U_]1] R_IX R/SON  R/YYVIC R(S]IY

RIOMWg RIMXWM RIMSMM RI_UX_ g RI WUXc

"#$%&(( )ILFH!6;11'1!;3!c’'AlF,A1lLE2'&12@'*,&2@d%, 7'1*K'32

35 T mm e e

=== A Metro

S LS e === SF Metro  ~

Rest of CA

25

20

15

10

GDP Losses (in millions 20108)

Day 1 Day 3 Day 7 Day 14 Day 30 Day 90 Day 150

@'G&!/-3&+14Z26!</;&5,(I-3&!E6=[![/;&5!#2-/<#-'9#55.1-#GC&,!"$-/19/$,"; & +#-'/$!-3+&&!-.7&,!/0'$3&+&$-!
&9/$/<'91+&,'5'&$9&!-3#-1D/+G!-3+/2C3!-3&!7+'9&!,.,-&<I!'E3&,&!'$952;&!'$72-1,2A,-'-2-'1$(1'< 7 /+-!
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2A,--2-'1$(1#8$; 1+ &C'/$#5!7+/;29-'/$!,3'0-, | INNZKI 55/D'$C!-3&!<&-3/;/5/C.1; &*&5/7 &;!'$!%&" &-1#5I!
JO_O_K('D&!&,-'<#-&!-3&!5/,,1+&;29-'/$17/-&$-'#5!/0!-3&!NN=!A.19/<7#+'$C!-3&!,'<25#-'/$!+&,25-,12,'$C!-3&!
'$72-R2-72-1IRKI#SH5. " 1#9$;1-3&!E6=[!,'<25#-'/$!+&,25-,1/0!-3&!7/+-I;',+27-'/$, | EFRIHS#H5.,"I',!
AH#,&;1I$!-3&#,,2<7-'/$!/0!0'L&;! 7+/;29-'/$!9/&00'9'&$-, 1 I/+!#!5'$&#+!+&5#-'/$,3 7| A&-D &&$!-3&!93#$C&,!
'$I7+/;29-1$1'$72-,1#$;193#PC&,1'$!-3&!/2-72-K(1#$;!-32,|9#$IA&!2,&; 1#,!-3&!P#,&!14#,&D'-3!$/!
+&,'5'&$9&!-#9-'9,I'$9/+ 7 [+#-&; N EARKERE -1 7+& B, |-3&IZ"HI'<7#9-,1/0!-3&!P#,&!4#,&!I$/1+&,'5' &$I&K!
#3$;1-3&!IZ"HI'<7#9- //A-#'$&;10+/<!-3&IE6=[!,'<25#-'/$,!-3#-1-#GC&!"$-/19/$,"; & +#-'/$!-3&!-3+&& ! <#\/+!

- 7&,1/0I'$3&+&$-1+&,'5'&$9&!-#9-'9,IINN=KIIE3&!5#,-1-D/19/52 < PKFHES RERI-3&!5/,,!+&; 29
7/-&$-'#510/+!-3&!+&,'5'&$9&!-#9-'9,I'$l 7&+9&$-#C&!-&+<,11:19/<7#+'",/$!/0!-3&!+&,25-,10+/<!-3&!E6=]!
[/;&5!3,&9/%;!1+/DKI#$;1-3&INR1#$#5.,",1J0'+,-14/DK!'$;'9O#-&, |- 3#-1-3& '$3&+&$-1&9/$/<'9!+&,'5'&$9&!
&,-'<#-&;!A.1-3&IE6=[14Z6![/;&5!3'$72-1,2A,--2-'1$(! '<7/+-1,2A,-'-2-'I$(1#$;!7+/;29-'[$!#9-"*'- |
+&5/9#-'1$K1+&;29&,!-3&!7/-&$-#5!2"H!5/,,&,!A.1JWIOQ!0/+!-3&! @:![&-+/!=&C'/$I!!:-I-3&!$#-'/$#5!5&*&5(!
-3&15/,,1+&;29-'1$!7/-&$-'#5,'#+&!VIMQI

%&IS&L-1+281#!,'<25#-'/$(I'$!D3'93ID&!-#G&!'$-/19/$,"; & +#-'/$!-B&Y2,!1+&,'5'&$9&!-#9-'9,17 &+-#'$'$C!-/!
T1+-1" +27-18,1,2<<#+'D&;'SIEHAL & OINEHABRR <<#+'D&,|-3&I#S#5.-' O#HEI#77+/#93ID&!2,&!-/!
,'<25#-&!-3&!&00&9-,!/0!-3&,&!+&,'5'&$9&!-#9-'9,I'$!-3&IE6=[![/;&51!14/52<$!M!/0!-3&!-#A5&!5',-,1-3&!
*H+'12,1+&,'5'&$9E9-'9, IN[/+&!; &-#'5,1/01-3&!</;,&5'$CI#77+/#931#+ & 7+&,&$-&;!'$!-3&!$&L-1-D/!
9/52<$,INNE3&!+&,25-,1#+&!7+&,&%$-&;!"$!-3&!5#,-1+/D! /OMEHUESRI O/ <A'$&; | +&,'5' &$I&I9#P+&;29& !
Z"H!'5/,,&,!10+/<!leMMIJ!A'55'/$!-/'le_IOY!A'55/$10/+!1-3&!@:![&-+/!=&C'/$'#ENWIU!A'E5/$!-/le_IVU!
A'S5/$10/+!1-3&NILI(1/+1#1+&;29-'/$!/0'1Z"H!5/,,&, | A 1HAI2-IXWIXQ!0/+!-3&! @:![&-+/'=&C'/$!#$;!/*&+!X X!
0/+1-3&NI1119/<7#+&;!-/'-3&P#,&!4#, &I &!-3#-1-3&! &00&9-,1/0!-3&!*#+'/2 1+ &,'5'&$9&!-#9-'9, 1#+ &I $/-!
#,,-"*&IA&IH#2 &I /0V/*&B#T,I'$!-3&'+I#775'9#-V$I

!
<=1 (\)I/ILFH!0-., 528 EH; &2IF#18&%.2#;8N,1'14,1",3C!:"1#/#'35'4,1'1! |
T-#/1#;3!GR(R!b!,3C!.'&5'32!&'C%52#; 3| E&; &¥1,12'&!/'K'/1U
\'22# \'22#
$%<>1)3"# $%0<>1)3".
C')%.)378% C")%.)378
ID'(#\03  ID'(#P=

\OHZ%)('#  =HZ%)(‘h $Y2)# Dk $%2)#' D P=#;)78¢

-11,766.40 -5,057.80 -5,425.40 -45,252.80 -67,502.50

V72%#672%#.'#(%23889
-1.71% -1.24% -1.12% -0.41% -0.54%

* ) ) ) ) ) )
N3)H#U.HY%(%.)#$%2383  -1,508.82 -800.85  -632.62 -6,446.15 -9,388.44 . .
lUUSI# 022% 0.20%  -0.13%  -006%  -0.08% ° 8% 86.09%
* ) ) ) ) )) )
N3)H#6'/23.%<#$%2383% 24373 5480  -66.05 -283.97  -648.55
IUUS$SHE)HY%(#U.H%(%.) -0.04%  -0.01%  -0.01% 0.00%  -0.01% 97.93% 99.04%

0<7&)3-%#$%2383%06.1%.

" Input substitution refers to utilizing similar goods in the production process to those whose production has been
disrupted (again both directly and indirectly). Import substitution refers to bringing in goods and services in short
supply from outside the region through transportation means other than water transportation. Regional
production shift refers to shifting production to branch plants or losing production opportunities to competitors in
other locations.
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<,=I'l GRM;C'/#3$!<,52#511E;&!*5;3;-#5!:"1#/#'35'"#312@''<*:M!M;C'/

# #

, , 0<b>2)/%.)#\%-%8# (#$7.9%#D
=3/>87)3' #Z%)H'# A%21(38)3

V72%#672%#$%2383%.1%

Adaptive resilience is
captured by adjusting Utilize less of disrupted imported | Adjust import and export shocks
import and export shocks | goods in production processes. by 2% in all regions

in different regions

Conservation

Inherent input substitution is
N/A captured by the CGE model N/A
automatically.

Inherent Input
Substitution

Inherent import substitution is
Import N/A captured by the CGE model
Substitution automatically by the Armington
elasticity of substitution.

N/A

Reduce Base Case import and
export shocks by 50% across
sectors

Adjust import and export | Steering ships to other nearby

Ship Rerouting shocks in different regions | ports.

Improvements in decision-
making and expertise that
enhance functionality (e.g.,
information sharing, utilizing
digital incoming cargo shipment
data to increase cargo handling
productivity).

Effective Adjust import and export
Management shocks

Reduce Base Case import shocks
by 10% across sectors

Reduce import and export
disruptions between 0% and
100% across sectors (depending
on availability of similar 10-digit
HTS exported commodity that can
be sequestered for import use)

Using goods that were intended
for export as substitutions for the
lack of availability of imports.

Export Diversion | Adjust import and export
for Import Use | shocks

Reduce import disruptions

Reducing the direct import between 0% and100% across
Inventory Use Adjust import shock disruption by the amount of sectors (based on a comparison of
inventory. BEA inventory data and Base Case

import disruptions by sector)

Application of “Recapture |A side-calculation to adjust total
Factor Parameter” to output losses for production
output changes rescheduling.

Production
Recapture

Recapture factors range from
0.223 to 0.429 across sectors.

E#AS&IMS!7+&,&%-,!-3&!7&+9&P-#C&!'$I+8&#,&!'$!-+#$,7/+-#-'1$19/,-1A/-3ID'-3'$!-3&! @:![&-+/'=&C'/$#$;!
A&-D&&D @:![&-+/'=&C'/$!#$;!=&,-1/014:17 &+'[I AT &+'[;1[*&+!-3&!&P-"+&!+&9I/*&+.!-'<&O+#<&I!N1'$O&!
-3&!,'<25#-'1$,I'$!-3&IEG=[![/;&5!#+&!9/$;29-&;!/$'#SI#S$S2#5!A#,',(ID&!0'+,-1-+#$,5#-&;!-3&!
-+#$,7/+-#-'$19/,-1'$9+&#,& | /*&+!-3&IMRH 7 &+'/;1 7 +&,&$-&; 'S E#AS&IMS!-/1#$!/*& +#55!7&+9&$-#C&!
-+#$,7/+-#-'1$19/,-1'$9+&#, & $I1#! . &#+5.1AH#," IIIE3' 1" 19#5925#-&; #,1#]_IUOWMQ!'$9+&#,&!'$!-+29G!
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-32,1#$!'<75'9'-5.17+/;29-'/$19/,-1'$9+&#,&K!'$!-3&! @:![&-+/'=&C'/$!#$;!=&,-1/014:1'$!9/<TH#+'",[$!-/'=&,-!
/0N 1INE3&!+&,'5'&$9&!-#9-'9l/0I#!</+&!+#T";1/7&$'$C!/019+'-'9#5!3'C3D#.19/++";/+,!; 2+HCD3&KIG!
#0-&+!-3&!,&",<'91&*&S$-!'1&,-'<#-&;!-/\3#*&I#15/,,1+&; 29-'/$! 7/-&$-#5!/0'#A/2-IM_g!/*&+!-3&!&$-'+&!
+&9/*&+.17&+'1}I!

<=/ G()"",/ILFH!0-.,52!;E!<&%57!<&,31.;&2,2#;3!4;12!035&' /1!
T-#/#;3IGR(R!b!,3C!.'&5'32!&'C%52#; 3| E&; BC#1,12'&!/'K'/1U

\22# \22#
$%<>1)3". $%<>1)3";
C')%.)378 C)%.)378
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\OHZ%)('#  =JHZ%)(‘H $Y62)# DHE $%2)#' D P=#;)78¢

-14.54 0.09 -0.68 3.60 -11.53

V72%#672%#1.'#(%2388%
-0.00211% 0.00002% -0.00014% 0.00003% -0.00010%

#

-13.15 0.08 -0.62 3.28 -10.41

9%62383%.1%#672% 9.549 9.669
% 0. 270 0 -0.00191% 0.00002% -0.00013% 0.00003% -0.00009% % %

[ [ !

E3&!,'<25#-&;!1&#+-3 2#G&!#5,/+&,25&'$129-'/$,1#$; | #<#C&,!-|C&$&+#5!A2'5;'$C!,-/9G!'$!-3&! @/, !
$C&5&,!1<&-+/7/5'-#$+&C'/$(ID3I'93!'$!-2+$!+&,25-I'$!'$-&++27-'/$,!-/-3&!05/D!/0!C//;, 1#$;!,&+*'9&,!
&<#$#-'$CI0+/<!-3&!7+/;29-*&I9#T'-#5!,-/9GIE3&!-/-#5!&9/$/<'9I'<7#9-,1+&,25-'$C!0+AI-3&!9
IOGI#H<H#HCE&,1H+&),'<25#-&;!A.1,3/9G $C!-3&!* #+'H#AB&IMLI#7NIJI73. ' O#519#7"-#5!1,2775.KIA.I'$;2,-+.1A.!
+&C'/$!I'$!-3&IE6=[![/;&5!2,'$C!-3&!B:>)11+&,25-,1/$!7&+9&$-#C&!/0!A2'5;'$C1#$;19/$-&%$-15/,,&,!
7+&,&%-&;!'$!-3&!5#,-19/52<$!/0| EANBL.!

E#ASQM'+!7+&,&$-,1-3&!IZ"H!'<7#9-,1/0IC&$&+#5!A2'5;'$C!,-/9G!;#<#C&,!0/+!-3&!P#,&!4#,&(1'$'D3'93!$/!
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-3&1@:1[&-+/1=&C'/$!",!,3/9G&;!A.1-3&!,'<25#-&;!;" #,-&*+|
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D3'93!+&0&+,!-/'D/+G'$C!/*&+-'<&/+&L-+#!, 3'BAHHB&! 7+/;29'$C!,&9-/+,13#H* &I+ & T#'+&; [+ + & T5#9&;!
-3&!1$&9&, #+.1& 2'7<&$-1#$;1-3&'+1&<T75/.&&, #$;19+"-'9#5!'$72- | A&I/<&#IO & IIEB&IH$#H5. ' !
+&,25-,I'$;'9#-&!-3#-1-3&!9/<A'$&;!&00&9-,!/0!-3&,&!-D/1+&,'5'&$9&!-#9-'9,19#$!+&;29&!Z2"H!5/,,&,10+/<!
eMIO!A'55/$!-/leMMIJIA'S5'/$!0/+!-3&! @:![&-+/'=&C'/$!#$;!0+/<!leMVIU!A'55/$!-/leM_IMIA'55'/$!10/+!-3&!)I1I!
#,1#!D3/5&(1/+1#1+&;29-'1$!/01Z"H!5/,,&, | A.1#AI2-1S]g19/<T#H+&;!-/1-3&!P#,&14#1 &I

<=/l G@!",/ILFH!0-.,52EIL'3'&,/'V%#/C#33$!F,-,$'1! elV,1'4,1'3CII"1#/#'35'4,1'1! !
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\22# \22#

$%<>1)3" $%<>1)3".
C')%.)378 C)%.)378
ID'(#\0F ID'(#P=
-19,223.06  93.20  -98.73 2,757.50 -16,471.08

-2.79% 0.02% -0.02% 0.03% -0.14%

\OHZ%)('#  =HZ%)(‘H $Y62)# DH#E $%62)# D P=#;)78¢

V72%#672%#1.'#(%2388

#
-11,843.32 58.24 6071 1,696.60 -10,149.19 oo oo
-1.72%  0.01%  -0.01% 0.02%  -0.09% =2 =eR

[ |

6'/?3.%<#$%2383%.1%#

%3&3$ID&IY/<T#+&!-3&!&9/$/<'II'<7#9-,1/01-3&!-3+&&!-.7&,1/0!;' +27-'1$,C;#<#C&,|D&!,'<25#-&;10/+!
-3&1&#+-3 2#G&! & SHIR/+-1;' +27-'1$(13'$-&+5#F;!-+#3, 7/+-#-'/$!9/,-I'$9+&#, & (1#3;| C&S&+#5!A2'5;'$C!
H<HCE,(I-3&!'<T#9-,10+/<IC&P&+#5!A2'5;'$C! #<#CI2HIO/+!/*&+1XOg!/0!-3&!-/-#5!'<7#9-,I'$!-3&!
@:![&-+/'=&C'/$!A&O/+&!+&,'5'&$9&!/-3&+!-3#BINN=!" |- #G&P!'$-/1#99/2$-I'E3&!3'$-&+5#F;!-+#$, 7/+-#-'/$!
vom &<l +27-1$1+&,25-,I'$1-3&!,<#55&,-1'< 7#9-,|A&9#2,&!/0!-3&!3'C3!+&;2F;#$9.!/0!-3&!-+#S$, 7 /+-#-'/$!
$&-O+G!'$!-3&!+&C/SIIN-I" 1& -'<#-&;1-3#-1-3& | B-&EB'/$#5! 7 &+9&$-#C&!'$9+&#, &' BI-+#SF, 7 /+-#-'/$!9/,-|
MHBIALIC+&H#-5.14&;29&;10+/<I#A/2-IM_g!+'C3-1#0-&+!-3&!,-+'G&!/0!-3&! &#+-3 2#G & N3G '$!/$&
-<&IMNa/+1-3&N 111, 1#ID3/5&(1'<T#9-,10+/<!|C&I&BIAC! #<#C&,1#99/23-10/+#A/2-1IVSg!/0!-3&!
-[-#5I'<T#9-1JD'-3/2-1+&,'5'&$9&!#,\2,-<&$- K('DI'5&!-3&! 7/+-!;" ,+27-'/$,1#99/2$-10/+1#3$/-3&+!/$&!-3'+;!
[01-3&!-/-#5!'<T#9-,111%3&$!D&!-#G&!-3&!&00&9-,!/0!-3&!*#+'/2,1+&,'5'&$9&!-#9-'9,1'$-/19/$,"; &+#-'/$(!

|

‘¢ We adapt the recapture factors from HAZUS, the FEMA loss and risk assessment software for disasters (FEMA,

2013). Since the HAZUS recapture factors pertain to the maximum potential recapture capability, in the analysis

we cut the recapture percentages in half in order to account for obstacles to implementation. Furthermore, we

assume that the recapture factors are reduced by 25 percent for each three-month period within a year. Thus,

after the first year, there is no production recapture.

! Pacific !
Southwest
Region UTC

University Transportation Center



1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

'<T#9-,10+/<IC&$&+#5!A2'5;'$C!,#<#C&,1#99/2$-10/+1$&#+5.1X]g!/0!-3&!-/-#5!'<7#9-,I'$!-3&! @:![&-+/!
=&C'/$!#$;IXYg!0/+!-3&NILINES" 1" |A&I#2,&!-3&+&!I#+&!</+&!&00&9-*&!+&,'5'&P9&!-#9-'9,/$IA/-3!-3&!
2T75'8R;&#8$;192 -/<&+ R;&!-3&IA2,'$&,,&,19#$!'<75&<&$M;&#5!D'-317/+-1;"+27-'1$,1#$;1,2775.!
O3#'$!,3/+-#C&,!-3#$!D'-3173.,'9#5! #<#C&,!-/'1A2'5;'$C,1#$;|0#9'5"-'&, (1#$;!-3&+&0/+&!-3&!'<7#9-,10+/<!
7/+-1;,+27-'1$,1'$!-3&!9/<A'$&!+&,'5'&$9&!H#, & I#+&IC+&#-5.1<2-&; 111!

:0-&+!D&FH#5.b&!-3&!&9/$/<'I'<7#9-,10/+1&#93!/0!-3&!-3+&&!;', +27-'1$!-.7&,1I7/+-1;' . +27-'/$(!

3'$-&+5#$;1-+#$, 7/+-#-'/$19/,-'$9+&#, & (1#3;| C&P&+#5!A2'5;'$Cl#<#C&, KI'$; ™", 2#55. (ID&!#5,/1+2$!#!
,'<25#-'/$!'$!D3'93ID&!I/<A'$&!#55!-3+&&!-.7&,1/01;",+27-'/$,C;#<#HCE&T&-3&+IIIES',|,'<25#-'/$!",1+23!
0/+!A/-31-3&IP#,&!4#,&!#$;!-3&14/<A'$&;!1=&,'5'&$9&!4#,&INE3&!IZ"H!'<7#9-,10/+1&#93!+&C'/$!#+&!
7+&,&%-&;'S'IE#ABBRIE3&!-/-#51Z"H!5/,, &, #+&! & ,-'<#-&;!-/!A&!eO_IW!IA'SB5/$!1J/+!1#!Sgl+&;29-'/$K!'$!-3&!
@:![&-+/'=&C'/$('#$;!eOIPA'S5/$!'$!-3&!) I111#,1#ID3/5&!I/+!#!_IOMQ!+&;29-'/$KINE3&!*#+'/2,1+&,'5'&$9&!
-#9-'9,19#$!3&571+&;29&!-3&!-/-#5!'<7#9-,1-/leMOIM!A'55'/$!'$!-3&! @[ &-+/I=&C'/$(!/+#!5/,,!+&; 29-'/$!/0!
YMISg('#$;!1+&;29&!-3&!-/-#5!I'<7#9-,10/+1-3&!)1111#,1#D3/5&! -/ S@NHA+1#15/,,1+&;29-'/$!/01UWIVQI!!
E3&!+&#,/$!-3#-1-3&!-/-#5!'<7#9-,1/$!-3&1) [11'#,1#!D3/5& 1#+&!5&,,!-3#$!-3&!-/-#5!'<7T#9-,/$!-3&! @:![&-+/!
=&C'/$!'$!-3&14/<A'$&;!=&,'5'&$9I&!4#,&!" |A&I#2,&!-3&!=&,-/ONILIN &L 7 &9-&;!-/1&L 7 &+'&$O& #P! /*&+#55!
'$9+&#, BB!&9I/$/<'OI#9-*'-'& |A&I#2,&!/0!-3&!+&C'I$#5!7+/;29-'/$!,3'0-,1#0-&+!-3&!&#+-3 2#G&!3'-,1-3&!
@/,:$C&5&, 1#+8&#1!

<=/ GNII:",/ILFH!0-.,52,E12@"4;-=#3'CIF#1&%.2#;319F,-,$'1elV,1'4,1' 3C!:"1#/#'35"4,1'1! !
T-#/#;3IGR(R!b!,3C!.'&5'32!&'C%52#,3|E&; B¥#1,12'&!/'K'/1U

\22# \22#
$%<>1)3"1 $%<>1)3".
C')%.)378 C)%.)378
ID'(#\0F ID'(#P=
-20,707.99 -708.04  -731.81 -3,674.78 -25,822.62

-3.00% -0.17% -0.15% -0.03% -0.22%

\OHZ%)('#  =JHZ%)(‘H $Y62)# DH#E $%62)# D P=#;)78¢

V72%#672%#1.'#(%2388

#
1214743 1002 14266 134386 -10,95625 | . o oo
-1.76%  0.00%  -0.03% 0.01%  -0.09% =R 2R

[ |

6'/?73.%<#$%2383%.1%#

P#,&;1/$!-3&!,'<25#-'/$1+&,25- l/A-#'$&;10+/<I-3&IE6=[![/;&5(!D&! 7 &+0/+<&;I'$9/<&!;',-+'A2-'/$!
#$#5.,&,10/+1-3&! @:![&-+/'=&C'/$!J-3&!</,-1#00&9-&;!+&C'/$! AL B#-&; | &#+-3 2#G &), 9&$#+'/K12,'$C!
-3&!0/55/D'$C!,-&7, T

Ml ?A-#$IAH#, &5 $&ISHA/+I'$I/<&IA.!&9-/+10+/<!-3&!E6=[![/;&5I

Ol 19#5&!127!-3&!A#,&5'$&!ISHA/+I'SI/<&!-/IIA-#'$!-[-#5!7&+,/$#5!'$9/<&!A.!,&9-/+12,'$C!-3&I5#A/+!
'PO/<&!-NNO#HT'-#5I'$9/<&!+#-'/,10+/<]-3&![25*RA &9-/+IN$I/<&!™,-+'A2-'[$![#-+'LII[IN"[K!
O#5925#-'1$,13,&&!1&9-'1$!YISIIO/+!;&4#'5,KI

UM
! Pacific !
Southwest
Region UTC

University Transportation Center



1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

Sl :775.1-3&!17&+9&$-#C&I&O0&9-*&ISHAI+I'$T2-193#HSC&, IA.1, &9-/+!/A-#$&;10+/<I-3&IE6=]!
<25#-$,1-/1-38I AR, &5'$&I T &+, I$H5!'$O/<&IOH5I25#-&;1'$11-& 71O/ A-#$-3C DI
78+ /$H#5I'$9/<&IA.1 &9-/+1!

Y1 [25-'75.1-3&1934#$C&,I'$I7&+ /$H5!'$9/<&'$!8#931,&9-/+IA 1-3&I[IN"[!-/1;&-&+<'$&I-3&I7+/0'5&!
JOV'$O/<&IOBHSCE, IAIA+HOIGE-H,,/9'H#-&;1D'-31;'008+&S-1:' +27-I$C;H<HC&I-. T&,'$; *: 2455
#$:19/<A'S&; NE3&I+&,25-, 1#+&), 285 1HO+, || &O-/+, - A-# $IHS!*&+#55193HBCE'$!'$9/<&!

!+ A2-'/$1/01-3&1&9/$/<.1#, 1#H1+&,25-1/01-3&!,3/9GI!!

Ul 4#5925#-&1-3&1Z'$'19/8&00'9'&S$-,10/+1-3&I+#+/2,1;' +27-'/$!,'<25#-'/$, 'E3&!Z'$'19/800'9'&$-1", 1#!
IS8R H#+#<&-8+1&,-'<H#-&1/01-38!, GE&DS&,,/OMEB<&!;' -+ A2-$IA.19/<TH#+'$CI-3&! @/+&Sb!
92+*&ID'-31-3&17&+08&9-1& 2#5"-.I5'$&INE3&19/&00'9'&$-1+#$C&,10+/<!_I-/IM(ID'-3]_1+&7+&,&$-'$C!
78&+08&9-18 245" 1#$;IMI+8&7+&,8$-'$CI7&+0&9-'$& 245"~ |I!

|

E#ASEIY-/! OW+&,&$-1-381'$9/<&):' ~+ A2-/BI'<THO-,10/+1-3&17/+-1;' +27-$I1O# &(1-+#$, 7/+-#-/$19/ -]
'$O+8&#,&19#,&(ICESEAH5IA2'S; SCLA<HC I, &(HS;1-3&1-3+&&IOH, &,19/<A'S&; (1+&,78&9-*&5. I E3&I-HABE, |
0'+,-17+8&,&$-1-3&);" -+ A2-$!/017&+,I$HEV'$O/<&IHO+], '$O/<&HOG &, I'!-3& A#, &5'$& (1-3&$!0/55/D&;!
A-381'$9/<&); -+ A2-ISI'<THO- 10/+IAI-317/ - R, +27-I$!,'<25#-'/$19#,&, | IP#, &I4# &IH$; | 4/<A'$&;!
=&,'5'&$O&AH QUM T[+-1;' +27-1$,(1-38! 7&+I&S-HC&I+8&:29-'/$I'$!'$O/<&I#+&I+&5#-*&5.13'C3&+10/+1-3&!
5ID&R/! <';;58& RBY/<&IC+27,'$1-3&IP#, &I 4#(8A2-1#+& 1 +&5#-*&5.13'C3&+10/+!-3&M BRIR
'$9/<&ICH27,1$!-3814/<A'$E&;1=&,'5' &SO&I4# &I\ a/+1-3&)-+#$, 7/+-#-'/$10/ -I'$9+&H# &I, '<25#-'/$(1-3&!
78+98$-#CIOZHSCE, H+&I+85H-%85.13 CI&+I0/+! [RESI 2BERNBI/<&IC+27,(1<8#$'$C1-3#-1
-38,&8ICH/27 | AGH+#1+&5H-*&5 1C+&H-&+1T+/7/+-'/$1/01-3&) $/<&I5/, &, 1;28&1-/1-3&I-+#S$, 7/+-#-'/$19] -
'$9+&H#,&I11a/+!-3&IA2'5;'$SC#<HCA&!,'<25#-'/$,(1-3&!<' FB&;3'C3&REI/<&IC+27 I'SIC&$&+#5!
&L7&+&$I&I+&5H-&5.1BIGIR&I5/, &, '$IA/-31-3&IP#, &14#,&IH#$;1=&,'5'&$9&4#, &INES' |9HSIA&!
&L75#'$&;IA.1-3810#9-1-34-HH13'CI&+7+/7/+- IO/ RBEH&; '$I/<&!' |&#+$&; A 13 CBRI/<&!

C+/27,In

E#ASR]I0'+,-17+&,&%-,!1-3&!12'$'19/&00'9'&$-,10/+!1-3&!'$9/<&!;' -+ ABYB&!IA#, &5 $& 1#$;!'$1-3& I*#+'/2,!
,'<25#-'1$19#,&,1|E3&!93#$C&,'$!Z'$'19/&00'9' &$-1+&5#-"*&-/1-3&! A#,&5'$&!I5&* &5 #H+&! 7+&,&$-&;!'$!-3&!
,&9/$;!1-/'5#,-19/52<$1!la'$#55.(1D&!9/<72-&!-3&!Z'$"19/&00'9'&$-10/+!-3&!'$9/<&!5/,, 1#5/$&!'$!-3&!5#, -]
9/52<$INE3&2'$'19/&00'9'&$-!",13'C3&+!-3#P!'$!-3&!IA#,&5'$&!0/+!1-3&!7/+-!;" 27 &8, & D3'93!
'$;'OH-&,1-3#-1-3&!;", +27-1$!" |A/+$!,5'C3-5.1;" 7+/7/+-'/$#-&5.1A.|5/DB4S;!<";;5& RPI/<&!C+/27,I!!
E3&!=&,'5'&$9&!4#,&!+&,25-,I'SI#!Z'$'19/&0RDJHEISE, 5'CFH.I5/D&+!-3#$!-3& A#,&5' $& BR3B!, !

&L75# $&;IA.1-3&10#9-1-3#-1-3&*#+'/2,1+&,'5'&$9&!-#9-'9, 1#+&!</+& | SDOKDPHMLI-3& ! < 7#9-,!'$!-3&!
,&9-/+,1-3#-1&<75/.1</+&!7&/75&!0+/<!-3B/D&RBI/<&!IC+/27,II!IE3&!Z'$'19/&00'9'&$-,!/0!-3&!/-3&+!
&, &9+&H#,&19/<TH#H+&;!-/1-3&A#,&5'$&!5&*&5(!1D3'93!'$;'9#-&,!-3#-1-3&!'$9/<&!5/,,&,!,-&<<'$CI0+/<!
-+#3, 7/+-#-'1$19/,-I'$9/<&!#$;| C&S&+#5IA2'5;'$CLH<HCE, HA&IAI+S!;, T+/T/+-'[$#-&5. | A | < BER!
3'C3&RBI/<&!IC+/27,IN1'$9&!-3&!'<7#9-,1/0!C&$&+#5!A2'5; SECELI#99/2$-10/+!/*&+!X_g!/0!-3&!-/-#5!
'<T#9-,1'$!-3&!@:![&-+/'=&C'/$(!-3&!9/<A'$&;!,'<25#-'/$!/01#55!-3+&&!-.7&,!/0!;" ,+27-'/$,C;#<#C&,'#5,/!

uo
! Pacific !
Southwest
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University Transportation Center



1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

<,=I''GP)V,1'/#3'1035;-"IF#12&#=%2#,3!,835;-'14@,3$'11#312 @' H; &2 F#1&%.2#; 3! ?#-%/ , 2#; 3!
E;&!12@"6DIM'2&;!:"$#; 31 T-#//#;3IGR(RbU

, U.1/%#6H7.9%2#(%87| U.1'1%H#6H7.9%2#(%87
" U.11%#A32)(37>)3 )'#V72%83.%#I(§#Y~ )'#V72%83.%4§#IWJ
U.1'/%# CO C'(O# O C'(# CO C(O#
V(710%)| 72048319 A32(9&)3‘.1 ';f}fz(gg‘;‘z% A32(9&)3'.# Q%gg‘%ﬁ’/ﬂ A32(9&)3‘.1 gffgg‘gj;’
VT2oeead T VTauuen T T Toend T o
<10k 34741 34705 34722 3.64 187| -0.1048%| -0.0539%
10-15k 9,9932| 9,981.3] 99876 11.96 558 -0.1196%| -0.0558%
15-25k | 20527.7] 204611 205118 6655  -15.90| -0.3242%| -0.0775%
25-35k | 37,4269 37,2004| 37,3925  -136.49]  -34.40| -0.3647% -0.0919%
35-50k | 56,675.1] 564954| 56620.7] -179.67]  -54.38| -0.3170%| -0.0960%
50-75k | 77,9082| 776869 77,8381  -221.32]  -7011| -0.2841%| -0.0900%
75-100k | 74636.7| 744595 745738]  -177.17]  -62.89| -0.2374%| -0.0843%
100-150k|  80,606.5| 80,4130 80541.8]  -193.49] 6471 -0.2400%| -0.0803%
150k+ | 164,409.6| 164,042.7) 1642613  -366.88]  -148.22| -0.2231%| -0.0902%
Total | 5256580 524,300.8| 525199.9| -1357.16] -458.05| -0.2582%| -0.0871%

<,=I'"GWIV,1'/#3'1035;-"IF#12&#=%2#,3!,3C!035;-'4@,3$'11#312@'<&,31.;&2,2#;3!4;12!035&",1"!
?#-%I,2#;3'E;&12@"16DIM'2&;!:'$#; 3! T-#//#;3!GR(RbU

, U.1/%#6H7.9%2#(%87)3-%  U.1/%#6H7.9%2#(%87)3-%4

" U.179%3#A32)(37>)3 v72%83.%#f2#Y3 V72%83.%#§#IWJ)
U.17%# (7.2&07)3# |(7.2&07)3 # | :(7.2&07)3 # | (7.2&07)3 # | :(7.2&07)3' # | :(7.2&'(7)3 #
V(710%) 7006831 62)#U.1(%72( 62)#U.1(%72{ 62)#U.1(%72| 6'2)#U.1(%72| 62)4#U.1(%72| 62)#U.1(%72
VT2%#672Y $%2383%.1%+  V72%#672% $%2383%.1%4  \V72%#672Y $%2383%.1%#
<10k 3,474.1 3,474.1 3,474.1 -0.05 -0.05 -0.0015% -0.0013%
10-15k | 9,993.2 9,993.1 9,993.1 -0.14 -0.13 -0.0014% -0.0013%
1525k | 20,527.7 20,527.3 20,527.3 -0.43 -0.38 -0.0021% -0.0019%
25-35k | 37,426.9 37,426.1 37,426.2 -0.80 -0.72 -0.0021% -0.0019%
35-50k | 56,675.1 56,674.0 56,674.1 1.14 -1.03 -0.0020% -0.0018%
50-75k | 77,908.2 77,907.0 77,907.1 1.25 113 -0.0016% -0.0014%
75-100k | 74,636.7 74,635.1 74,635.3 -1.53 -1.39 -0.0021% -0.0019%
100-150k | 80,606.5 80,604.9 80,605.0 -1.56 1.41 -0.0019% -0.0017%
150k+ | 164,409.6 164,405.9 164,406.3 -3.66 3.31 -0.0022% -0.0020%
Total | 525,658.0 525,647.4 525,648.4 -10.55 -9.55 -0.0020% -0.0018%
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University Transportation Center



1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

<,=I'GY)V,1'#3'1035;-"1TF#12&#=%2+#,3!,3C!035;-'14@,3$'11#3!12@'L'3'&,/IV%#/C#3$!F,-,$'1!
?#-%I,2#;3!E;&12@"16DIM'2&;!:'$#; 3! T-#//#;3'GR(RbU

, U.1'/%#6HT7.9%2#(%87| U.1'/%#6H7.9%2#(%87
” U.1/%6#A32)(37>)3 )'#V72%83.%#EZ#Y\ )'#V72%83.%4§ﬁWJ
U.1'/%# V>38<3.9# V>38<3.9# V>38<3.9#

V(710%) V>38<3.9# |A7/79%# |V>38<3.9# |A7/79%# |V>38<3.9# A7/79%#
ATIT9%#  |$%2383%.[A7T/79%# |$%2383%.1A7/79%# |$%2383%.1

V72%83t% |V72%#H6#R9672% V72%#H6#RY672% V72%#H6#29672%

<10k 3,474.1 3,377.9 3,398.4 -96.20 -75.67| -2.7691%| -2.1780%
10-15k 9,993.2 9,717.5 9,776.4 -275.76 -216.84| -2.7595%| -2.1699%
15-25k 20,527.7| 19,961.7| 20,083.6 -566.02 -444.08| -2.7573%| -2.1633%
25-35k 37,426.9| 36,265.9| 36,516.9| -1,161.03 -910.02| -3.1021%| -2.4314%
35-50k 56,675.1| 54,770.7| 55,181.9| -1,904.45| -1,493.25| -3.3603%| -2.6347%
50-75k 77,908.2| 75,260.2| 75,831.4| -2,648.01| -2,076.80| -3.3989%| -2.6657%
75-100k 74,636.7| 71,997.2| 72,564.3| -2,639.49| -2,072.35| -3.5365%| -2.7766%
100-150k 80,606.5| 77,818.8| 78,417.5| -2,787.64| -2,188.98| -3.4583%| -2.7156%
150k+ 164,409.6| 157,795.0] 159,211.6] -6,614.55| -5,197.95| -4.0232%| -3.1616%
Total 525,658.0| 506,964.8| 510,982.0| -18,693.14| -14,675.92| -3.5561%| -2.7919%

<,=/'G2)\V,1'/#3'035;-"! F#12&#=%2#,3!,3C!035;-'14@,3$'11#3!12@"4;-=#3'CIF#1&%.2#;319F,-,$'1!

?#-%I,2#;311E;&!12@"16DIM'2&;!:'$#; 3! T-#//#;3IGR(RbU

, U.1/%#6H7.9%2#(%87| U.1'/%H#6H7.9%2#(%87
" U.175%#A32)(37>)3 )'#V72%83.%#I(§#Y~ )'#V72%83.%4§#IWJ
U.1'/%# 6'123.%<# 6'123.%<# 6'123.%<#
V(710%) 6'73.%<# |=3/>87)3'.#6'?3.%<# |=3/>87)3"#|6123.%<# |=3/>87)3"#
=3/>87)3' #|$%2383%.|=3/>87)3" # |$%2383%.1=3/>87)3' #|$%2383%.]
V72%831% |V 72%#6 7296 72% V72%H#622Y672% V72%H#6729672%
<10k 3,474.1 3,374.3 3,396.6 -99.81 -77.52 -2.8729% -2.2313%
10-15k 9,993.2 9,705.6 9,770.9 -287.58 -222.35 -2.8778% -2.2250%
15-25k 20,527.7 19,895.6 20,067.7 -632.10 -460.04 -3.0792% -2.2411%
25-35k 37,426.9 36,130.8 36,482.5 -1,296.16 -944.39 -3.4632% -2.5233%
35-50k 56,675.1 54,593.2 55,127.9 -2,081.94 -1,547.22 -3.6735% -2.7300%
50-75k 77,908.2 75,043.0 75,762.3 -2,865.25 -2,145.98 -3.6777% -2.7545%
75-100k 74,636.7 71,822.9 72,502.2 -2,813.79 -2,134.48 -3.7700% -2.8598%
100-150k 80,606.5 77,629.4 78,353.6 -2,977.10 -2,252.84 -3.6934% -2.7949%
150k+ 164,409.6| 157,432.8| 159,065.7 -6,976.73 -5,343.91 -4.2435% -3.2504%
Total 525,658.0/ 505,627.5| 510,529.2| -20,030.47| -15,128.73 -3.8106% -2.8781%
Pacific !
Southwest

Region UTC

University Transportation Center
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

<,=I'GY!IL#3#4; EE#5#'32!10-.,521

—10 . o ,3.3#6'%DD313

A32(>&)3".#;Q&% V72%83t% é,;’) SSBﬁ;Z# 6H6Z’/.09D/I03231.;Z: 'D#)I:;/oz#:.l'/%
Port Disruption_Base Case 0.465478 0.465614 0.000136 0.413109
Transportation Cost Increase_Base Case 0.465478 0.465478 0.000000 0.490154
Building Damage_Base Case 0.465478 0.463904 -0.001574 0.508171
Combined Disruptions_Base Case 0.465478 0.464041 -0.001438 0.501768
Port Disruption_Resilience Case 0.465478 0.465473 -0.000006 0.471813
Transportation Cost Increase_Resilience Case 0.465478 0.465478 0.000000 0.490157
Building Damage_Resilience Case 0.465478 0.464243 -0.001235 0.508481
Combined Disruptions_Resilience Case 0.465478 0.464238 -0.001240 0.507328

V:&:#3+A$0 &3

N$!-3',1,-2;.(\D&!9/$-+'A2-&!-/1-3&I&I/$/<'IV'<THO-I#SHE.," |0V 7/+- 1#$;!-3&'+!3'$-&+5#$; |- +#3, 7/+-#-'/$!
'$O+#,-+29-2+&!;,+27-1$,I'$!-D/;'<&$,'/$,11a'+,-(ID&!; &*&5/7 &; #$!'$-& C+#-&;1</;&5!-3#-15'$G, 1#!
-+#$, 7/+-#-'1$1$&-D/+GI</;&5!D'-31#$!&9/$/<'9V'<7M-1#$#5.,, I</;&5!"$!/+;&+!-/19/$;29-1#</+&!
3/5',-'O1#$; 1#992+#-&1#$#5.,",1/01-3&!'<7T#9- 1/01#3;1+&,'5' &PI&!-/1-3&!-+#3B,7/+-#-'1$],.,-&<!;', +27-'/$, 11!
1&9/$;(!-/10'55!'$I#PI'<T7/+-#$-ICHTI'$!-3&I7/+-1#$;1-+#$,7/+-#-'[$1$&-D/+G!;' ,+27-/$5"- & +#-2+&(ID&!
&L#K'$&I$/-1/$5.1-3&!'<7#9-,1/01,293!;',+27-'1$,'#$;!-3&!&00&9-*&$&,,!/01+&,'5'&$9&!-#9-'9, 1#-1-3&!
HCCH&CH-&I5&*&5(1A2-1#5,/1-3&!'$9/<&!;' -+ A2-'$I'<THI-,1#9+/,,1,/9'/&9/$/<'IC+/27 II1: 1#I19#,&!,-2; (!
-3&!'$-&C+H#-&;I</;&5!" \#T75'&;!-/'#],'<25#-&;|&#+-8@R&! 9&$#+'/1-3#-1#00&9-,19/<</;'- .I-+#;&!05/D,!
#-1-3&!H/+-1/0!@/,!:$C&5&,#$;!H/+-1/0! @/$SC!P&#93!#$;!-3&'+#,,/9'#-&;'$5#$;!3'C3D#.10+&'C3-!
-+#$,7/+-#-'1$1$&-D/+Cl!

E3&I1+&,25- I'S;'O#-&1-3#-1"1-#G &, IMU_I:#.,10/+1-3&!17/+-,1-/10255 1+ &9/*&+10+/< Ha®), &25'918*&$-I!!
E3&I-/-#51Z"HI'<THI-,| -&<<'SCIO+/<IA/-BI'<T/+-H$; &L T/+-1;' +27-$ 1#+&I&,-'<H#-&;)-/1A&IeMMI]!
A'55'/$!'$1-3&! @:1[&-+/1=&C'/$1#%;1eVWIUIA'S5'/$10/+1-3&!) | 1IIA&O/+&!D&IY/S, &+ #$.1+&,'5' &$I&INE3&, &!
'<THO- 1 #+&48;29& -1eMIUIA'BYS$!-381@:![&-+/1=&C'/$I#$; 1eXIYIA'E5'/$10/+1-3&1) |1 111#0-&+D&I-#GE&!'$-/!
OIS, &+H-'I$1-3+&&I<H\/+1-. 7&,1/0I'$3&+ES-18&I/B/<'IN+&,'5'&BI&II'ST2-1 2A --2-[$(I'<T[+-1, 2A,-'-2-'/%(!
H#$;14+8C'[$HE1T+/:29-' B!, 3'0-, KI-3#- 1+ &I#2-/<H-'OHE5 |0#7-2+&; I A.1-3&VEABH[I;&5111:0-&+D&!
O/$,":&+1-381/-38+1-.78&,1/0I'$38+ES-1+&, '5'&$O&I-HO-'D, ;1 #7-"*&1+&,'5' &$I&I-#9-', (I-3&I-/-#5'<THI-!
#+8102+-3&+!+8&;29&;1-/le_|OYIA'55/$I'$1-3&!@:[&-+/1=&CI$I#S;le_IVUIA'S5/SI'SI-3&1) I 1IINSI#;-/$(-3&!
H<HC&I-/1-3&13' CIDH-+HS, 7/+-#-'1$),. -&<IH5 [19#2,& W_IUSQI'$O+&# &!'S1-+29G |-+#S, 7/+-#-'/$19/ -1
D'-3'$1-3&!@:![&-+/1=&C'/$WH$; #!_IOVQI'$9+&#,&IA&-D&ES@:![&-+/1=&C'I$IH#S$;1=& -1/014:1J/$I#S!
HSS245IAH," KINE3&I&,-'<#-&;1Z"HI5/, &, 1942 &;IA.1-3&I-+29G -+#$, 7/+-#-'[E8-&#, & 1#+&1/$5.leMU!
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=/5&!/0!=&,'5'&$9&In!69/$/<'9!1.,-&<,!=&,&#+93|OUIARBOMO

=,&(>I(IPN1-&*&S, (1#$;1ZI"#*  IMX]|I'F#-2+#51=&,/2+9&!H/5'9. 1#$;IN$I/<&!"' ,-+'A2-'I$I! P#5-'</+&(!
fI3$!B/7G'$,1)$*&+,"-.IH+&,,I!

=L,&1(""1%& (S IH#25110_M]I'm69/$/<'919/$,& 2&$9&,1/01#!;",+27-'1$!/0!/'5I'<7/+-, THE3&!+/5&!/0!
&HT[+-1PNI1N&PE&+C.!,&92+-.In16$&+C.IH/5'9.IMVRIMUIY

=,&L1(1"1%&' (1#$;lallH+#C&+I'O_MOI!Im™ -+'A2-' /$#5IN<THR&B3/2,&Z#,16<',,'I$,|E+#;'$CT!!
:5-&+$#-"*&!1:55/9#-'/$!#3$;1=&9.95'$C! 1-+#-&C'&,I'$!4#5'0/+$'#(n'4/$-&<T7/+#+.169/$/<'9'H/5'9.ISRIYKTIV_S
VMWI

=1,&(1:1(1Z1125#;1 2(IPI' @ &&('1#$; 1 ZIIP&&S&+!: #.1'0__ XIKE3&!69/$/<'9IN<7#9-,1/0!-3&!0__ MIE&++/+',-!
--#9G,1/$!-3&!1%/+5;|E+#;&!4&$-&+TI1:14/<72-#AS&! Z&$&+#5!6"2'5'A+'2<!:$#5.," IKIH&#9&!69/$/<'9, (!
H&#9&119'&$9&(1#$;!H2A5'9IH/5'9.IMUTH+-'95&!VI

=/,&(:I(INITL2&!1%'SC(1"1%& (1#$;1:11%&'$I!O_MVIIMB9/$/<'9I'<7#9-,1/01#14#5'0/+$'#!-, 2$#<"InIF#-2+#5!
B#b#+;,!=&*'&DIMWIGEKOI

=/,&(":1(lallH+#C&+(1>1143&$(111143#--&+H\&&(!"'%&'(IFI!B&#-D/5&(1#$;!611%#++&$1!/O_MWII69/$/<'9!
4/$,& 2&$9&!:$#5.,",1/0!" #,-&+,| plE3&!B4#-11/0-DH+&!E//SIN1'$CHT/+&T! 17 +H$CE&+I
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1#$-1,(1f1I=110_VI!IMNS$/7&+#A'5'- |RREF22-[/;&5'$CH/0!",+27-'/$ I-[IN$-&+;&78&$;&$-169/$/<'9!
1.,-&<,(n!1.,-&<,!16$C'$&&+'$CIXIMKFTO _

19/--("IMIC"NANFAAG (1 @11 25-<#3B#55(1#$;1allZ2/1'0___VIImF&-D/+GI=/A2,-$&,,!N$;&LT!:1$&D!<&-3/;!
0/+!";,&$-'0.'$C!9+'-'9#5!5'$G, 1#$; | & #52#-'$CI-3&! 7 &+0/+<#$9&!/0!-+#$, 7/+-#-ERIB&/ D+ $#5!/0!
E+#$,7/+-1Z&/IC+#73. MY T [{ONDWVI

13#2C3%&,,.('EI[I([|@1'%3"-&(1#$;![I"I'P+&$;5&+!O_M_IImME3&!IN$9/<&!",-+'A2-'/$!600&9-!/0!F#-2+#5!
" #,-&+, TESESHS. ) /0IB2++'9#$&!8#-+'$#(n!f/2+$#5!/0!1=&C'/$#5!:$#5.,",1q!H/5'9.lY_FIKAKT!Y

13&00HIIO__UI'E3&!=&,'5'&$-16$-&+7+"&I14#<A+",C&(![: T![NEBIH+&,,I|

1/2-3&+$!4#5'0/+$'#!:,,/9#-'1$!/01Z2/*&+$<&$-,1J14:ZKI!IO_MXI!m=&C'/$#5E+#$,7/+-#-'$!H5#SIn!
3--7Tcc+-7,9,1,9#CI#IC/*cH#C&,C; &0#25-1#, 7LI

1255*#$(fll@1(M" 1A 4G (@1 : 2BB#BE (1#$;!"11[119/--110_M_!mN;&$-'0."$C!9+'-'9#5!+/#;! & C<&S$-,1#$;!
<&#,2+'$C!,.,-&<mD";&!+/A2,-$&,,!'"$!-+#$,7/+-#-'/$1$&-D/+G,!D'-3!",/5#-'$CI5'$G, T IS, 1 9#7#9'-R
+&;29- IS TT+HIIINIE+#S, 7/+-#-'/$1=&,&H#+93IH#+-1. TIH/5'9.1#$;|H+#9-'948FVWISOS

E#.5/+(11:1 (111QIL1&G3#+(1#$;1ZIN[11"76,-&I'O__ VIIm:775'9#-'/$!/01#99& PR R 1 <&-3/;,10/+!
*25$&+#A'S' - 1#SH5., 1/0],-+#-&C'91+/#;1$&-D/+G,In!F&-D/+G, 1#$;11 7#-'#5!69/$/<'9 pOKNV W

E'&+$&.(18I'10__WIP2,'$&,,&,1#83;!;" #,-&+, TI*25$&+#A'S - (I'<7THHF LB +.11B#S$; A//G/O!" #,-&+,I!
B&';&5A&+CTI17+'$C&+I

E'8&+$&. (18IINMXXWIIKP2,'$&, IN<THO-, 1/01-3&IF/+-3+"; C&I6#+-3 2#G&IK!T/2+$#51/014/$-"$CESI'&, H$: 14+
[#$#C&<&S-1UJOK TR

E#S(161(18/,(11HES; 1?2C+'b/*9(I"NO__ X" #,-&+!=&9/*&+.1#$;!PR&,,14/$-'$2'"- I'$IH/+-14/<<2$'- !
1.,-&<,I! Pomorstvo, Journal of Maritime Studies, 23JMKI

E'+,93D&55(HIIO_MXIIm:=?I0_O_T!P/--5&$&9G,!D'-3'$!7/+-,13/5;|A#9G!;'C'-'b#-'/$INIf?419/<I!:*#' 5#AS& !#-T!
3--7,TccDDDIV9I9/<c7/+&D, c#+RD OR+&#G'RBOQ] g:;'C'-'b#-/1$ R
A/--5&$&9GrO_MXMOOSI3-<5

E,293" #(!LI(\BI'E#-#$/(1#$;IFI1?G#,#110__WI'm69/$/<'9!@/,,'#,,&,,<&$-1;2&!-/'=#'5+/#;!#$;!B'C3D#.!
" +27-'1$,( nl69/$/<'9!1.,-&<,!1=&,&#+93IMXIOKTIMYY

)ILI6H:10_MWII69/$/<%';&1[/;&5'$Cl/0I6$* +/$<&$-#51=&C254#-'/$,(119'&$I&!:;* [+.IP/#+;(!
ot 3'SC-/$(1"14(!

%&'(I"I(>1143&$(1#$;!:1'=/,&1'O_O_1'm6*#52#-'$C!-3&!=/5&!/0!=&,'5'&$9&!'$!=&;29'$C!69/$/<'9'@/,,&,!10+/
" #,-&+, TLI[25-' R&C/$HLLS#5.," O 1&H# T [+-I" +27-'1$IN!1%/+G'$CIH# 7 &+!J,2A<"--&; - NH# 7 &+,!'$!
=&C'/$#5!19'&$I&KI
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%&'(I"I(>1143&$(1#$;!:1'=/,&I'O_MVIIM"&*&5/7<&$-1#$;!:775'9#-'/$!/01#$!69/$/<'9la+#<&D/+G!-/!
6*#52#-&!=&,'5'&$9&!"$I=&9/*&+'SCIOH#EHH/+-I"" +27-'/$,(n'a' $#5!=&7/+-1-/!-3&!4#5'0/+$'#!
"&TH+-<&S$-V/OIE+#3,7/+-#-'/3]

%&'(lal(161'8/9(!@I'1/'A&S<#$(1#$;IFII@'I'O_MIJ#I!M™ #,-&+!&9/$/<'9,!#$;|$&-D/+ G &;-+#3$,7/+-#-'/$!
'$O+#,-+29-2+&,T!,-#-2,1 2/1#$;1#1<XB;9'75'$#+.10+#<&D/+G!-/1&,-'<&1&9/$/<'9!5/,,&,ININSINI! 1 <-3!
#$,IPII"/<&+1J&;, IK(!:;*#$9&;14/<72-'$C!1-+#-&C'&,!0/+16 $C'$&&+'$AIBF 1 7+'$C& +1

%&'(lal(161'8/9(!@1'1/'A&S<#$(1#3$;IFI'@'1'O_M]AIIM™,-2+A#$9I&,I-/")+A#SBI[/A'S'- . 1#3$;14/<7+&3&$, *&!
6,-'<#-'/$!/0169/$/<'9!@/,,&,IN!H/5.-&93F'9#IMTIWR]_I

%'--D&+(1ZI'O_MOI!69/$/<'9![/;&5'$C!/01%#-&+TIE3&!:2,-+#5'#$!476!6L 7&+'&$9&I!IB&;&5A&+CTI1L7+'$CE&+I

I'&(1%I('FI'@'(MfI1%2(1#$;Nil'B#/11O_MYIIm[/;&5'$C!-3&!&9/$/<'919/,- 10}, #,-&+,1#$;1+&9/*&+. TI#$#5.,",!
2,'$CI#; $#<'919/<72-#AS&IC&$&EHBIS' A+'2<!I</;&5INIF#-2+#5!B#b#+;, 1#3$;16#+-3!1.,-&<!19'&$9&,!MYT!
WURY Ol

>3#SC(Ih1#$; Il @#<I'O_MUI!mM6,-'<#-'$C!-3&!69/$/<'9'@/,,&,!/0!H/+-1"',+27-'/$!;2&!-/16L-+&<&!%'$;!
6*&$-,(n!1?9&#3$!q!4/#,-#5![#IHC&<&S-MMVTISM I
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<*%*&R*3*2(=(3%&) A%
!
H&;C%5211E!'1',&3@!
!
Q/+1-3&I-+HS, T/+-#-1$1</;&5(114:Z7, 1+ &C'I$#5-+#*&51</;&5ID'-310_ MV #-#ID#, #;/7-8;10+/<!-3&!
+&C$H5I[HNIERLES! |AH, &;ISI&L-&S,*&!,/9'/&O/$/<'OHS; - +#*&5 ) #-#1#, ID&5E I, #13'C3!
+&,/52-1$1$&-D/+G;#-#,8-11"&-#'5,1/$!- 38T [/, &5+ & H S#AB&! $I</;,&51;/92<&S$-#-'/$1J14:Z!
O_MXKI
I
BH+-3 2HG &), 9&SH+ HS: 1, /9'H-&; | #-HID&+&ICESEAH-ETHBHE58T) | '$*/5+ SCHHOISSHA+#-$!
D'-31-3&IE#9'+/C521=&, &#+931Z+/271#-)4@:1I8/91&-1#51(10_O_KI!:|<#73B/BPORS-&+YBE/!
JO&SH+18H+-3 2HG&I&*&$-(1-3819/<T/$&S-1/01-3&IHH5/,|Q&+;&,19/$$&9-&;10#25-1 . - 834G C&.,!
-3#-1#+&195/,&:1: 2& - #<HCEB!"#. IMIH0-8+B&!-+'G&I/01-3&H+-3 24G&Y | 3#-+R:8&1:&-#'5, |A&SHD
I
$/-38+!, &-1/OI<HT 1#+8&), 3H#+&;10/+1-3&-+T;-#-'$),'<25#-'$1+&,25-,10/+!"#., INIS_|D3&+&!+&C'/$#5!
<IAE'- 1 &, - <H-&;1-18L T &+ &SO&MHI<H\/+1:' +27-$IIE3&,&)'$952;&!%&3'95&105/D1#$; | Q[E!<#7, (!
+&,789-*&5.|
!
E3&!;#-#12,8:1'$1-3&19/$,-+29-'/$1/01-3& [LN"[/O14#5'0/+$ HIH+&! 2<<#+D&;I'S!: & BBIZHT-&+1YIS!'$!
-3&I+& T+ E3&I<H\+19/<T7/$&S-,1/01-3&I[IN"[("$952;'$CI-3&!:" -+ A2-/$I<#-+'9&,!/016<75/.&&!
AI<TE&S H-IS(IH+T+ &1+ NNSI/<&(I"* &$; 1#$;12-38+IH+/7&+- INSI/<&(1HS: IH&+ /$HEIE+#$,0&+!
=&9&'7- H+&IT+&,&$-&; 'S 77&SALN
!
F,2,I"; &,21,3Cl4;32'32!!
!
E3&HHS, 7/+-#-I$,. -&<IHS; ' #,-&+),'<25#-'[$! H#-#1H+&) 3H#+&;!'$!-38M <#-YOL+OZN1l/$5'$&I<H#TI!
[
F,2,/D55'11!,3CI1?@,&#B$!
I
E3&I<#7,C&S&+#-&)I+&,25-,1/01-3' 1,-2; ¥+&I5' -8A&S/DI($952:'$CI5'$E)!-3&! DA, -&M38&+&!-3&..!
#+&I13/ -85, OH#-&;1'$!-3&10//-$/-&, T!
MU P+:C&IA5/,2+&,SI"#. IMIHO-BRILIO&SH+/16#+-3 2HGENI&; IA+:C&, IS! #.IMIAH, &;1/$!
3. A+ <HCR R/,&5HIB:>)1KI'$*&$-/+ IN[#71#5,/1,3/D,1&7'98$-&+1/0!-3&&*&$-1#$:1-3&!
H#5/,1Q&+:&,104#25-1#,|D&55#, |- 3& HA'F$&-D/+GI</:&5 17!l
Ol "#.,IMRY[ !Q&3'9385/DTHE&+9&$-193#SCE! $I*&3'958VBDIMRND'-31+&, 7&9-1-/1"#.!_1J74R
! # -8+ AR, &5 'SBIKE, 25-,10/+ ] [IHEHE!
SI "#.! WS 1[IQ&3'95&!1a5/DTIH&+98&S$-193#$CE!'$!*&3'95& 05/ DIFS! D {BH&, 7&9-1-/1"#.] |
JT+B #,-&+A# &5'SBIKE, 25 1#+&10/+!:[IHEHS
YU "#.,IMRVE[! Q[E TIH&+9&$-193#SCRIES!"#., IMRVID'-31+&, 7&9-1-/1"#.]_1JTR &, -&+!
A#,&5'S&KII=&,25- 10/+1:[|HEEBH+ &, 2<<#+ D& #-1E:>15 & BERE 52!

Bridge Closures on Day 1 after Scenario Earthquake. Access online at https://arcg.is/T9vyb
' Days 1-7 AM Vehicle Flow: Access online at https://arcg.is/0SabHn

Y Days 7-30 AM Vehicle Flow: Access online at https://arcg.is/111gmm

" Days 1-7 AM VMT: Access online at https://arcg.is/1Gz4Wm
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Ul "#.,! WS I[IQ[ETIH&+9&$-193#$C&!I'SIQ[E!'S!"# VIS _ID'-31+&,7&9-1-/"#.|_ 1J7T R #,-&+!
A#,&5'$&KI!'=&,25-,10/+L:[\HEHG1#$; #+&!, 2<<#+'b&; 1HE-38R * D R&-#'F*"!

%1, 3CL'C#H128#=%2#,3!
I

E3&!,3#+&;!I<#7,1#&!10/+1*'&D'$C!72+7/,&,!/$5.1;2&!-/1-3&!;#-#!, 3#+'$CIH#C+&&<&$-,|A&-D&&$!-3&!
#2-3/+,1#8$;1-3&!7+/*, &+, |1=&#;&+,!<#.19/$-#9-1-3&! 7 +/\&9-1-&#<I0/+1#99&,,!-/!-3&!; #-#!#$;!/-3&+!
O/SS5#A+#-I$TT/+-2$'-'&, 1!

|
" Days 7-30 AM VMT: Access online at https://arcg.is/1q8ref
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199(3E,G& :§#6%8&29%,=,W(68*%8&)?B%)?BK
H;&2!'X.2#-#&!,2IHX6D9H X8V

H/+-127-'<'D&+!", #HO5/FRH,&;1,/0-DH#+&),[52-/$);&* &5/ T&; A1 Z&S&AH5!6589-+01IZ6KIE+#S, 7/+-#-'$(1#!
28" 1/01%6H#A-8&91A/+T(I'$ TH+-$&+ 371D'-31-3&IH/+-1/0! @/, 1: $CE5&, IlE3&!-//5I CE &R R BEFC3-,!
I<HL'<'D&IT/+-1-3+/2C372-148: &5 &+ .1 7& +0/+<HSOGIIN-I'S-8C+#-& | #-#10+/<I#9+/, 1-3817/+-1
89/,.,-&< | '$952;'$CI'SA/2$;10/$-# &+, S, 1#,7&9- /01 7/+- 1/ T&+#-'1B, '$-/'#], SCE&I7/+-#5!-3¢-1
TH+-$&+,1#9+/,1-38!1,2775.193# $19#$1#998&, | JZ6IE+#$, 7/+-#-1$(10_ MIHKIN[/+&IA+/#:5.(HMBEAT; <
7#+-1/01-3810/2+-3IDH#*&IBINO/ <<2$'-.! . -&<, (1#195#, 1/01,/0-DH#+&!7+/;29-,1-34#-19/$$&9-17/+-]

HO-1+ I+, Ri#b#(:<#.# R&+(IQIH#-&+$'$R+A/S&:HO_O KI

Z6'E+#$,7/+-#-'/$10'+,-15#2$93&;!-3&!-//5I'$IF*&<A&+!0_MV# RHER! 7'5/-1#-1-3&H/+-1/0! @/ !
$C&5&,1J:<&,(I0_MVKIIH/+-1&L&92-*&,!;&&<&;!-3&!-&,-1#!,299&,,1#$;!,'CH&; 1#!1eMO!<'BRAB(10*&
9/$-+#9-1-3&!0/55/D'$C!.&#+1J:<&,(10_M]KI!NS$![#+9IF O BAKS, 7/+-#-'I$1#$5/2$9&;!"-ID/25; 1 &L 7#S;!
H/+-1?27-'<'D&+!-/'#55!-&+<"$#5,1#$;!,377'$CI5'$&, 1#-1-3&!H/+-1/0!@/,: $C&5 &, (1#$;1#5,/'5#2$931#!7'5/-1#-]
@/$CIP&HI3I'E3&!-+'#519/$952;&;!'$!?9-/A&+!0_M](!A2-1-3&!H/+-1/0!@/$C!P&#93!3#,!$/-|.&-17&+<#$&$-5.!
#,17-& ;\H/+-1?7-'<'b &+

LUON#+9310_MX(IH/+-127-'<'D&+,13#3$;5&;;#-#10+/<1$'$&!/0!-3&!-/7'MM!, 3 77'$C!5'$&, /7 &+#-'$C!
-3+/2C3!-3&!H/+-1/0!@/,!:$C&5&, 1#$;!-3&!H/+-1/0! @/$C!P&#93!J"41Q&5/9'-.(!\O_MXKI!P.I"&9&<A&+!O_MX(!;#-#
/8! X g!/01#55!'$A/2$9#+CD#,!, &&S$IAH/+-1?7-'<'b&HIE'+,93D&55(!OlIEBEKH/+-17+/*";&,10'$# S '#5!
'$9&$-*&,!10/+,3 77T $CIS'$&,!-3#-1, 3#+&! #-#1-3+/2C3!1-3&!H/+-1?7-'<'D&+(1#$;!-3#-19#S! 7T+ RIHA*&
#*&+#CE&!H+C/IC+/OHABCE&(O_MXKIIF&*&+-3&5&,,(!,/<&!-&+<'$#5!/7 & HEFKO0'9'#5 BB &+, (!

& 2'7<&$-17+/*,&+,('1#$;!/-3&+!,-#G&3/5;&+,1#+&!+&529-#$-1-/1, 3#+&I9/<T#3$.[/$ERB52bb/(!

O_MXAKI!

"%,32#2,2#K",11'11-'32];E'EE#5#'35A1#-.&;K'-'321

H/+-127-'<'D&+!7+/</-'|$#5!<#-&+'#5,!,2CC&,-!-3#-1H/+-1?7-'<'b&+!9#P!'$9+&#,&! 7+/; 29} RID !
m#,1-3&!,/52-'/$!,9#5&,n1IZ6E+#3, 7/+-#-'/$(!O_MJ#KI'E3&!7'5/-1#-1-3&!H/+-1/0! @/$C!P&#93!+&7/+-&;5.!
+&,25-&;'SNY{!;#.,10#,-&+1#99&,,!-/I'S0/+<#-'/B$!' $9/<'$CI9#+CQUZ6!E+#$,7/+-#-'1$(!O_M]AKI

Z8$8!1&+/IGH(I&L&I2-*& ;' +&9-1+1/01-38&!H/+-!HEBIT&(5;! -38!P/#+;1/0IBH+AI+14]<<", ' $&+,1-3#-!
-3&IH/+-19/25; 1+ & T#.1'- I'$*& -<&S$-I'$1-3&!-//5I'0'- 1A2,'$&,,|C+&DIA.10g!-3+/2C31&00'9'&$9.ICH#'$, IIH/+-1/0!
@/$CIP&#93(10_M]KI

E&+<'$#5/7&+#-1+,1#$;1-+29G&+,!,&&!-3&! 7/-&$-'#5!0/+1-3&!-//5!-/"' < THRBLH#$;19#+C/1*&5/9'- (!
A2-1/$&!-&+<"$HET &+#-/+13#,! #';1-3&. IM3H#*&P"-1, & &S IH#S.I'<7+/*&<IHAIAS52bb/(O_MX#KI!:!1Z6!
E+#$,7/+-#-'[$!;'+&9-+13#,1 #1'-I' -1/ //$10/+ ) #-#!/$!+&,25-, 1!

H;&2!IX.2#-#{'&!,3C!I'-'&$'35AI'K'321 !

H+/</-'[$#5! <#-&+'#5,!#$,!1$&D,19/*&+#C&!;/'$/-1&L75'9'-5.1;',92, IH/+-1?7-'<'b&+!'$!-3&!9/$-&L-!/0
&<&+CE&$9.1&*&B2D3, " +27-'1$,1;2&!-/\$#-2+#5!;" #,-&+,1E\#$(18/,(1#$;1?C+'b/*'|IJO_XK!;&-#'5!
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1 Crops

2 PoultryEggs

3 Livestock

4 OthLivestock

5 ForestFrsHnt

6 OilGas

7 Coal

8 OtherMining

9 BiomassGen

10 CoalsGen

11 GasGen

12 HydroGen

13 NuclearGen

14 RenewGen

15 ElecDist

16 NatGasDist

17 WaterSewage

18 ResidConstrt

19 OthConstruct

20 HwyBrdgCons

21 OthMaintain

22 MRstreets

23 FoodProc

24 BevTobManu

25 Textiles

26 Apparels

27 LeathFtwr

28 WoodProds

29 PulpPaperPbd

30 Printing

31 PetrolRefine

32 OthPetrolCl

33 Chemicals
Pacific
Southwest

D..'3C#+!<,=/'1 YI<*MI4L*IM;C'/1?'52;&#3$!1?5@"-" !

Region UTC

University Transportation Center

(;D<?EF=B%A

Crops

Poultry & Eggs

Livestock

Other Livestock

Forestry, Fishing, & Hunting

Oil & Gas

Coal

Other Mining

Biomass electricity generation
Coal-fired electricity generation
Gas-fired electricity generation
Hydroelectric generation
Nuclear electricity generation
Renewable electricity generation
Electricity distribution

Natural gas distribution

Water and sewage services
Residential Construction

Highway Construction

Other Non-Residential Construction

Highway Maintenance
Other Maintenance

Food Processing

Beverage & Tobacco Product Manufacturing

Textile & Textile Product Manufacturing

Apparel
Leather & Allied Products
Wood Product Manufacturing

Paper Mills

Printing & Related Support Activities

Petroleum Refineries
Other Petroleum & Coal Products

Chemicals

G?EHIEAI%=>%&;
#,<=>70

1-10

13

11-12

14

15-19
20-21,37-38
22

23-36, 39, 40
47

42 and 48
42 and 48
41

43

44 and 45
49

50

51

59-61

56

52-55, 57-58
64
62-63?
65-105
106-111
112-123
124-130
131-133
134-145
146-153
154, 155
156
157-160
161-187
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34 RubPlastic

35 NonMetMinPrd

36 PrimMetals

37 FabriMetals

38 AgriMachinry

39 IndustrMach

40 CommrcMach

41 AirConHeat

42 MetalWkMach

43 TurbnEngine

44 OtherMach

45 Computers

46 CmptrStorage

47 ComptrTrmEtc

48 CommunicEqp

49 MscElctEqp

50 Semicondctr

51 ElecInstrmnt

52 HholdEqp

53 MVPManu

54 AerospaceMan

55 RIrdCars

56 ShipsBoats

57 OthTrnEgp

58 Furniture

59 MiscManuf

60 WholesaleTr

61 AirTrans

62 RailTrans

63 WaterTrans

64 TruckTrans

65 GrdPassTrans

66 Pipeline

67 OthTransprt

68 Warehousing
Pacific
Southwest

Region UTC

University Transportation Center
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Rubber & Plastics

Non-Metallics

Primary Metal Manufacturing

Fabricated Metal Product Manufacturing
Agriculture Machinery

Industrial Machinery

Commercial Machinery

Ventilation, Heating & Air-Conditioning
Metalworking Machinery

Engines & Turbines

Other General Purpose Machinery Manufacturing
Computers

Computer Storage Devices

Computer Terminals & Other Peripheral Equipment
Communications Equipment

Miscellaneous Electronic Equipment
Semiconductors & Related Devices

Electronic Instruments

Household Equipment, Appliances, and Component
Manufacturing

Motor Vehicle and Parts Manufacturing
Aerospace Product & Parts Manufacturing
Railroad Rolling Stock Manufacturing

Ship & Boat Building

Other Transportation Equipment Manufacturing
Furniture & Related Product Manufacturing
Miscellaneous Manufacturing

Wholesale Trade

Air Transport

Rail Transport

Water Transport

Truck Transport

Transit and Ground Passenger Transport
Pipelines

Other Transportation

Warehousing

G?EHIEAI%=>%&;
#,<=>70

188-198
199-216
217-230
231-261
262-266
267-271
272-274
275-277
278-282
283-286
287-300
301

302

303
304-306
307, 308, 310-319
309
320-324

325-342

343-356
357-361
362
363-364
365-367
368-378
379-394
395
408
409
410
411
412
413
414-415
416
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69 RetailTr

70 Publishing

71 MovieSound

72 BroadcastSrv

73 Telecomm

74 InfoSvce

75 DataProcScv

76 FinancBank

77 RealEstate

78 RentLease

79 AssetLessors

80 PrfSciTchSrv

81 WasteMgmt

82 Education

83 HealthSocAs

84 ArtsRecreat

85 Accommodatn

86 EatDrinkPlce

87 OthService

88 GovEnterprs

89 StalLocGov

90 OwnOccDwell

91 FedGovt

92 Holiday

93 FgnHol

94 ExpTour

95 ExpEdu

96 WT_EXP

97 AT_EXP
Pacific
Southwest

Region UTC

University Transportation Center

(;D<?EF=B%A

Retail Trade

Publishing Industries

Motion Picture & Sound Recording Industry
Broadcasting

Telecommunications

Information Services

Data Processing Services

Finance & Banking

Real Estate

Rental & Leasing Services

Lessors of Nonfinancial Intangible Assets

Professional, Scientific, Technical, Administrative, &

Support Services

Waste Management Services
Education Services

Health Care & Social Assistance
Arts, Entertainment & Recreation
Accommodations

Eating & Drinking Places

Other Services
Owner-Occupied Dwellings
Government Enterprises

State & Local Government
Federal Government

Holiday

Foreign Holidays

Tourism Exports (including Purchases by Foreigners in

Embassies etc.)
Education Exports
Water Transport Exports

Air Transport Exports

G?EHIEAI%=>%&;

#,<=>70
396-407
417-422
423,424
425, 426, 432
427-429
431

430
433-439
440
442-445
446

447-470

471

472-474
475-487
488-498
499-500
501-503
504-517
441

519-525, 526-530

531-534
518, 535, 536

WM
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736)J,88%+</"0)"<B/#0)+C 363 363 363 363 363 363 363 363 363 3)
ji?/]f;/’"ﬂg")"#()[%""#fs)D)R‘” 363 363 363 363 363 363 363 363 363 3)
786)196"0S, +T/#$)!"<BI#9%6) C 363 363 363 363 363 363 363 363 363 3)
756)Y#$/4%.)D)A:+:/%. 363 363 363 363 363 363 363 363 363 3)
Z;?}S:i"l/;;)\‘?#"@m'%)!"<B’#%+C) 363 363 363 363 363 363 363 363 363 3)
726)J,8%%+) 363 363 363 363 363 363 363 363 363 3)
746)0,8 %) +"$%6) %6 H/K%. 363 363 363 363 363 363 363 363 363 3)
ggi;féﬁf%ﬁ@fﬁ;‘;}D)G'B%+) 363 363 363 363 363 363 363 363 363 3)
756)J,8&HI<" #)Y _18I6H ) 363 363 363 363 363 363 363 363 363 3)
7=6)1.<%00"4%. . )YO%<'+ #I<)Y ;&% 363 363 363 363 363 363 363 363 363 3)
236)F06&/<,#1;<' +)D)E%O"BL)\UOHI<. 363 363 363 363 363 363 363 363 363 3)
226)Y0%<"+ H#I<)L#. + Yo" 363 363 363 363 363 363 363 363 363 3)
SISy w w e w w w w2
ﬁ;ﬁ),f;';;)/];/;B’;O%)"#1)@"*") 363 363 363 363 363 363 363 363 363 3
ﬁ;?_),z?ﬁ’;;;<;@@+'1;<')D)@"+") 363 363 363 363 363 363 363 363 363 3)
226)E"/0+,"1)E.00HS)F <T)I"#:-"<-+/§$ 363 363 363 363 363 363 363 363 363 3)
246)FB/D)N,")N;/OLHS 363 363 363 363 363 363 363 363 363 3)
ﬁie;s_)git}/:;)"n;*,+""/,#)Y_;/*&%#') 363 363 363 363 363 363 363 363 363 3)
ﬁ,i?_),,)ii;’ml’/‘;)D)E%O"'%1>@+'l?<') 363 363 363 363 363 363 363 363 363 3)
2=6)11.<600"H%,.)1"#:-"<'+/4) 363 363 363 363 363 363 363 363 363 3)
436)VB,0%."0%)'1% 363 363 363 363 363 363 363 363 363 3)
426)RI+)AL"H ) 363 363 363 363 363 363 363 363 363 3)
486)E"I0)A+"H.* )+ 363 363 363 363 363 363 363 363 363 3)
BBV Uot)ALHH Y 363 363 363 363 363 363 363 363 363 3)
A76)A+:<T)A+"H 5} 363 363 363 363 363 363 363 363 363 3)
ij?iﬁf;"')"#l)\*’?#1)@"-'%#$%+) 363 363 363 363 363 363 363 363 363 3)
446)@/%O0J%. 363 363 363 363 363 363 363 363 363 3)
496)G'BYH)A+"H.% +" )it 363 363 363 363 363 363 363 363 363 3)
ABBN"+9%B,; /S 363 363 363 363 363 363 363 363 363 3)
4=6)E%"0)A+'1% 363 363 363 363 363 363 363 363 363 3)
936)@;:0/.B#$)LHL;. H%. 363 363 363 363 363 363 363 363 363 3)
fﬁ?f,’;’g)@k'?*%)[’)':’?#1)E%<’+1’#$) 363 363 363 363 363 363 363 363 363 3)
98a)+ "1<" 43) 363 363 363 363 363 363 363 363 363 3)
9>6)A%0%<, &&HI<"] }. 363 363 363 363 363 363 363 363 363 3)
O76) L, +&"/,#)F%+H)<%. 363 363 363 363 363 363 363 363 363 3)
926)"") @-+,<%../HS)FY+M/<%. 363 363 363 363 363 363 363 363 363 3)
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1/9'/&9/$/<'91"<&$ /P 1/01=& '5'&PI&!-/11&#7/+-1#$:|B'CID#.|E+#P 7/+-#-'IPIF&-D/+GI" +27-'/8

618 ABCD B@BFP BRGFP GEHFD HEECD F@EFD* IFEBCCD BCEBFCE BFCDY  -(8%:
Q46X I #<O)D)N"HTJHS 363 363 363 363 363 363 363 363 363 3)
996)E%"0)Y."1% 363 363 363 363 363 363 363 363 363 3)
956)E%%#"0)D)0%" #$)F%y+HI<%. 363 363 363 363 363 363 363 363 363 3)
zf_f/)o%%"’+')")"#"#"#4"0)'-#"'#3":°%> 363 363 363 363 363 363 363 363 363 3)
zizg/f;m{)ﬁg)f;fﬁI’;g/:?:;f;‘?#" 363 363 363 363 363 363 363 363 363 3)
B26)V" %) 1" S8 Y6H )%+ HIK%. 363 363 363 363 363 363 363 363 363 3)
586)Y 1;<"/,#)F%+H/K%. 363 363 363 363 363 363 363 363 363 3)
5>6)[%"0'B)J"+%)D)F,</"0)R...."}i<% 363 363 363 363 363 363 363 363 363 3)
576)R+.()YH U+ HEUH)D)E%<+Y6" 4 363 363 363 363 363 363 363 363 363 3)
576)R<<,&&, 1" 4. ) 363 363 363 363 363 363 363 363 363 3)
546)Y"#$)D) M HTIHS) @0"<%. 363 363 363 363 363 363 363 363 363 3)
596)G'BY6+)F%-+H/<%. 363 363 363 363 363 363 363 363 363 3)
556)G SHUB<<:*/%1) SU00NS. 363 363 363 363 363 363 363 363 363 3)
5=6)\, HOb+#RY6H) Y H U ++)/.%. 363 363 363 363 363 363 363 363 363 3)
=36)F""%)D)O, A'Bp6+ #8963 =(2>56) 87(4846F 27(57569 22(7776p 22(8=868 28(=886p 22(98=6f 2(>=86B 27(=376P 283(>22
=26)X061%+"0)\, HY6 +H&06H" 27(35=65 73(5=36B 87(=7265 2=(7236F B4(9926p 8>(79>6= 88(9>>60 22(>?56p >4(2>564 883(=33
(8% GMLGGK OFLFBIP HNLINCP HCLNOFI MGLCOH HOLHN® HMLMOH BOLIFCP FBLCMMI HMBLGC
|
|
|
IS!
! Pacific !
Southwest
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