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#A'5'-.!/0!-3&!,.,-&<!-/!+&;29&!-3&!93#$9&,!/0!#!,3/9G(!-/!#A,/+A!#!,3/9G!'0!'-!/992+,!J5&,,&$'$C!-3&!
#A+27-!+&;29-'/$!/0!7&+0/+<#$9&K!#$;!-/!+&9/*&+!`2'9G5.!#0-&+!#!,3/9G!J+&R&,-#A5',3!$/+<#5!
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5'<'-&;!,'C$,!/0!#;/7-'/$!/0!-3&!#A2$;#$-!*25$&+#A'5'-.!+&5#-&;!D/+G!A.!7+#9-'-'/$&+,(!75#$$&+,!#$;!
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$&-D/+G!,2775.!#$;!;&<#$;(!9/$,&`2&$-5.!5&#*'$C!/2-!#!9/$,';&+#A5&!7/+-'/$!/0!-+#$,7/+-#-'/$!,.,-&<!
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Source: Scott et al. (2006) 
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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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"  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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! 𝑄(𝑡) = 1 −

|Γ(𝑡) − Γ(0)|
Γ(0)

; 			𝑄(𝑡)ϵ[0,1] ⊂ 𝑅	
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Γ$(𝑡) =6FunctionalityIndicator$%(𝑡)
%

; 			Γ$(𝑡)ϵ𝑅" 	 "#$(&!

   

!
# This is essentially the same metric expressed in equation 3.1, but is scaled and bounded. 
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$ 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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-3&!-/-#5!&9/$/<'9!'<7#9-,!/0!-3&!,&',<'9!3#b#+;!,9&$#+'/!#$;!-3&!&00&9-'*&$&,,!/0!&9/$/<'9!+&,'5'&$9&I!!
4Z6!</;&5,!#+&!-3&!,-#-&R/0R-3&R#+-!</;&5!#</$C!#55!&9/$/<.RD';&!</;&5'$C!#77+/#93&,!2,&;!-/!,-2;.!
&9/$/<'9!9/$,&`2&$9&,!/0!;',#,-&+I!!6,,&$-'#55.(!4Z6!</;&5,!-3&!&9/$/<.!#,!#!,&-!/0!'$-&C+#-&;!,2775.!
93#'$,!'$!+&5#-'/$!-/!A&3#*'/+#5!+&,7/$,&,!/0!A2,'$&,,&,!#$;!9/$,2<&+,!-/!<#+G&-!7+'9&!,'C$#5,!#$;!
+&,/2+9&!9/$,-+#'$-,I!!E3&!4Z6!0/+<25#-'/$!'$9/+7/+#-&,!<#$.!/0!-3&!A&,-!0&#-2+&,!/0!/-3&+!7/725#+!
</;&5!0/+<,(!A2-!D'-3/2-!< #$.!/0!-3&'+!5'<'-#-'/$,I!!a/+!&L#<75&(!4Z6!</;&5,!+&-#'$!-3&!<#\/+!
,-+&$C-3,!/0!'$72-R/2-72-!</;&5,!J0255!#99/2$-'$C!/0!#55!'$72-,(!<25-'R,&9-/+!;&-#'5(!#$;!#A'5'-.!-/!9#7-2+&!
'$-&+;&7&$;&$9'&,K(!A2-!/*&+9/<&!-3&!5'<'-#-'/$,!/0!5'$&#+'-.(!5#9G!/0!A&3#*'/+#5!9/$-&$-(!5#9G!/0!'$72-!
#$;!'<7/+-!,2A,-'-2-'/$!7/,,'A'5'-'&,(!#$;!;'00'925-.!/0!'$9/+7/+#-'$C!+&,/2+9&!9/$,-+#'$-,I!!E3',!</;&5'$C!
#77+/#93!3#,!A&&$!,3/D$!-/!+&7+&,&$-!#$!&L9&55&$-!0+#<&D/+G!0/+!#$#5.b'$C!$#-2+#5!#$;!<#$R<#;&!
3#b#+;!'<7#9-,!#$;!7/5'9.!+&,7/$,&,(!'$952;'$C!;',+27-'/$,!/0!-+#$,7/+-#-'/$!'$0+#,-+29-2+&!J43&$!#$;!
=/,&(!O_M]d!=/,&!&-!#5I(!O_MWd!:*&-',.#$!&-!#5I(!O_MUKI!!%&!#5,/!9/$,-+29-&;!#![25-'R,&9-/+!N$9/<&!
"',-+'A2-'/$![#-+'L!J7+&,&$-&;!'$!;&-#'5!'$!E#,G!M!=&7/+-K!-/!#$#5.b&!-3&!'$9/<&!;',-+'A2-'/$#5!'<7#9-,!/0!
-3&!;',#,-&+!,9&$#+'/!-3#-!9#2,&,!;',+27-'/$,!/0!7/+-!/7&+#-'/$,!#$;!;',-2+A#$9&!/0!-3&!'$5#$;!0+&'C3-!
-+#$,7/+-#-'/$!$&-D/+GI!!!

E6=[!',!#!kA/--/< R27k!</;&5!-3#-!-+&#-,!&#93!+&C'/$!#,!#!,&7#+#-&!&9/$/<.I5!!E3&!</;&5!D#,!92,-/<!
A2'5-!A.!-3&!+&,&#+93!-&#<!#-!-3&!4&$-+&!/0!H/5'9.!1-2;'&,!#-!Q'9-/+'#!)$'*&+,'-.!'$!:2,-+#5'#!#$;!3#,!
2$;&+C/$&!,&*&+#5!+&0'$&<&$-,!JB/++';C&!&-!#5I(!O__Ud!%'--D&+(!O_MOKI!!E3&!E6=[!</;&5'$C!0+#<&D/+G!
D#,!#;#7-&;!-/ !-3&!)I1I!/$!-3&!A#,',!/0!+&C'/$#5!NR?!;#-#!0/+!-3&!h&#+!O_M_(!,2775&<&$-&;!A.!*#+'/2,!
&5#,-'9'-'&,!C5&#$&;!0+/<!-3&!5'-&+#-2+&I6!!:!G&.!0&#-2+&!/0!E6=[(!'$!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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'-,!#A'5'-.!-/!3#$;5&!#!C+&#-&+!$2<A&+!/0!+&C'/$,!#$;!,&9-/+,I!!E3&!3'C3!;&C+&&!/0!+&C'/$#5!;&-#'5!<#G&,!
E6=[!#!2,&025!-//5!0/+!&L#<'$'$C!-3&!+&C'/$R,7&9'0'9!'<7#9-,!/0!,3/9G,!J&,7&9'#55.!,2775.R,';&!,3/9G,KI!!
N$!#;;'-'/$(!E6=[!9/$-#'$,!#!;&-#'5&;!-+&#-<&$-!/0!-+#$,7/+-#-'/$!9/,-,!#$;!',!D&55R,2'-&;!-/!,'<25#-'$C!
-3&!&00&9-,!;2&!-/!;#<#C&,!/0!-+#$,7/+-#-'/$!'$0+#,-+29-2+&,I!!E3&!E6=[![/;&5!3#,!A&&$!2,&;!'$!<#$.!
,-2;'&,!-3#-!#$#5.b&!-+#;&R+&5#-&;!',,2&,!#$;!,/<&!#$#5.,&,!/0!;',#,-&+I!!E3&!E6=[![/;&5!2,&;!'$!-3',!
,-2;.!',!,-#-'9(!D3'93!,'<25#-&,!-3&!'<7#9-,!/0!7/+-!#$;!-+#$,7/+-#-'/$!$&-D/+G!;',+27-'/$,!/$!-3&!
&9/$/<.!/$!#$!#$$2#5!A#,',I!!!

E3&!</;&5'$C!,-+29-2+&!/0!E6=[!',!,'<'5#+!-/!-3#-!/0!/-3&+!4Z6!</;&5,!JB/++';C&(!O_MOKI!!H+/;29&+,!'$!
&#93!+&C'/$!#+&!#,,2<&;!-/!<'$'<'b&!7+/;29-'/$!9/,-,!,2A\&9-!-/!#!9/<A'$#-'/$!/0!'$-&+<&;'#-&!#$;!
7+'<#+.!0#9-/+!'$72-,(!D3'93!#+&!93#+#9-&+'b&;!A.!#!4/$,-#$-!65#,-'9'-.!/0!12A,-'-2-'/$!J461K!$&,-'$C!
,-+29-2+&,I!:,!'552,-+#-&;!'$!:77&$;'L!P(!#-!-3&!-/7!$&,-!5&*&5(!/2-72-!',!7+/;29&;!A.!9/<A'$'$C!#!
9/<7/,'-&!/0!7+'<#+.!0#9-/+,!D'-3!#!9/<7/,'-&!/0!'$-&+<&;'#-&!'$72-,I!!E3&!7+'<#+.!0#9-/+!#CC+&C#-&!',!#!
461!9/<7/,'-&!/0!9#7'-#5(!5#$;(!#$;!5#A/+j -3&!5#--&+!A&'$C!'-,&50!#!461!9/<7/,'-&!/0!5#A/+!A.!,G'55!-.7&I!!
E3&!#CC+&C#-&!'$-&+<&;'#-&!'$72-!',!#5,/!#!461!9/<7/,'-&!/0!9/<7/,'-&!9/<</;'-'&,(!D3'93!#+&!'$!-2+$!
461!9/<7/,'-&,!/0!9/<< /;'-'&,!0+/<!*#+'/2,!,/2+9&,I!!:!+&7+&,&$-#-'*&!3/2,&3/5;!'$!&#93!+&C'/$!
<#L'<'b&,!2-'5'-.!-3+/2C3!72+93#,&,!/0!/7-'<#5!A2$;5&,!/0!C//;,!'$!#99/+;#$9&!D'-3!'-,!7+&0&+&$9&,!#$;!
A2;C&-!9/$,-+#'$-I!

E3&!E6=[!;#-#A#,&!2,&;!0/+!/2+!,-2;.!9/$,',-,!/0!Y!+&C'/$,!#$;!XW!&9/$/<'9!,&9-/+,I!!E3&!+&C'/$,!
'$952;&T!@:![&-+/!=&C'/$!J'$952;'$C!@/,!:$C&5&,(!?+#$C&(!#$;!='*&+,';&!4/2$-'&,K(!1a![&-+/!=&C'/$!
J'$952;'$C!:5#<&;#(!4/$-+#!4/,-#(![#+'$(!F#7#(!1#$!a+#$9',9/(!1#$![#-&/(!1#$-#!45#+#(!1/5#$/(!#$;!
1/$/<#!9/2$-'&,K(!#$;!-3&!=&,-!/0!4#5'0/+$'#(!#$;!-3&!=&,-!/0!-3&!)I1I7!!1'<25#-'/$,!'$!-3&!E6=[![/;&5!
D#,!9/$;29-&;!A#,&;!/$!#!,3/+- R+2$!95/,2+&!+25&(!2$;&+!D3'93!D#C&!D#,!-+&#-&;!&L/C&$/2,5.(!D3&+&#,!
&<75/.<&$-!',!#;\2,-&;!&$;/C&$/2,5.I !

G">"$E4(2.*&3.-4($45$.?)$H&'.-;8)3.4*$J(349)$A-2.*-,&.-4($H+.*-K$45$E+'-54*(-+$
N$!/+;&+!-/!&*#52#-&!-3&!'<7#9-,!/0!7/+-!#$;!-+#$,7/+-#-'/$!$&-D/+G!;',+27-'/$,!#$;!-3&!&00&9-'*&$&,,!/0!
+&,'5'&$9&!-#9-'9,!$/-!/$5.!#9+/,,!&9/$/<'9!,&9-/+,(!A2-!#5,/!#9+/,,!,/9'/&9/$/<'9!C+/27,!J,7&9'0'9#55.!
'$9/<&!C+/27,K(!#![25-'R1&9-/+!N$9/<&!"',-+'A2-'/$![#-+'L!J[1N"[K!0/+!-3&!,-#-&!/0!4#5'0/+$'#!',!
9/$,-+29-&;I!!a'C2+&!Y!7+&,&$-,!#!,93&<#-'9!;&7'9-'/$!/0!#![1N"[I!!E3&!<#-+'L!7+/*';&,!-3&!&#+$'$C,!
7+/0'5&!#99/+;'$C!-/!$'$&!'$9/<&!A+#9G&-,!0/+!&#93!7+/;29'$C!,&9-/+!'$!-3&!&9/$/<.(!'I&I(!D3#-!
7+/7/+-'/$!/0!-3&!7&+,/$#5!'$9/<&!J'$952;'$C!A/-3!5#A/+!'$9/<&!#$;!9#7'-#5!'$9/<&K!7#';!/2-!A.!&#93!
,&9-/+!#99+2&,!-/!&#93!'$9/<&!A+#9G&-!J=/,&!&-!#5I(!MX]]d!@'!&-!#5I(!MXXXKI!!

!

!

!
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 
US.  
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7+&,&$-,!-3&!<#\/+!9/<7/$&$-,!/0!-3&!7&+,/$#5!'$9/<&!#99/2$-,!0/+!-3&!,-#-&I!!E3&!0'+,-!<#\/+!
9/<7/$&$-!',!%#C&,!#$;!1#5#+'&,(!D3'93!'$952;&!-/-#5!+&<2$&+#-'/$!/0!&<75/.&&,I!!E3&!-/-#5!6<75/.&&!
4/<7&$,#-'/$,(!D3'93!D&+&!eMISU!-+'55'/$!'$!O_M](!#+&!-3&!,2<!/0!%#C&,!#$;!1#5#+'&,!#$;!6<75/.&+!
4/$-+'A2-'/$,!0/+!6<75/.&&!H&$,'/$!#$;!N$,2+#$9&!a2$;,I!!E3&!6<75/.&+!4/$-+'A2-'/$!0/+!Z/*&+$<&$-!
1/9'#5!N$,2+#$9&!',!9/2$-&;!'$!6#+$'$C,!A.!H5#9&!/0!%/+G(!A2-!$/-!'$!F&-!6#+$'$C,!A.!H5#9&!/0!=&,';&$9&!
#$;!H&+,/$#5!N$9/<&!JP6:(!O_MWKI!!!a/+!,/5&!7+/7+'&-/+,3'7,(!7#+-$&+,3'7,(!#$;!-#LR&L&<7-!9//7&+#-'*&,(!
-3&!92++&$-R7+/;29-'/$!'$9/<&!',!,3/D$!'$!-3&!H+/7+'&-/+,^!N$9/<&!+/D,!JD3'93!'$952;&!eMOIS!A'55'/$!/0!
a#+<!H+/7+'&-/+,^!N$9/<&!#$;!eOSWIS!A'55'/$!F/$R0#+<!H+/7+'&-/+,^!N$9/<&KI!!!

E3&!$&L-!<#\/+!9/<7/$&$-!/0!-3&!7&+,/$#5!'$9/<&!#99/2$-,!',!9#7'-#5!'$9/<&(!D3'93!'$952;&!;'*';&$;,!
J7#.<&$-,!0+/<!9/+7/+#-'/$,!-/!,-/9G3/5;&+,K(!'$-&+&,-!7#.<&$-,!J,293!#,!,#*'$C,!'$-&+&,-(!A/$;!
'$-&+&,-!7#.<&$-,(!&-9IK(!#$;!+&$-#5!'$9/<&!J'$9/<&!0+/<!+&$-#5!7+/7&+-'&,K(!D3'93!#</2$-&;!-/!eUS]IS!
A'55'/$!'$!4#5'0/+$'#!'$!O_M]I!

E3&!0'$#5!<#\/+!9/<7/$&$-!/0!-3&!7&+,/$#5!'$9/<&!#99/2$-,!',!H&+,/$#5!42++&$-!E+#$,0&+!=&9&'7-,I!!
E3&,&!<#'$5.!'$952;&!7#.<&$-,!0+/<!C/*&+$<&$-!D&50#+&!#$;!A&$&0'-!7+/C+#<,(!,293!#,!,/9'#5!,&92+'-.!
A&$&0'-,(!<&;'9#5!A&$&0'-,(!*&-&+#$^,!A&$&0'-,(!#$;!2$&<75/.<&$-!'$,2+#$9&!A&$&0'-,I!!!E3&!-/-#5!#</2$-!
/0!H&+,/$#5!42++&$-!E+#$,0&+!=&9&'7-,!'$!4#5'0/+$'#!'$!O_M]!D#,!eSYMIO!A'55'/$I!!
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<,=/'!N)!!4,/#E;&3#,!H'&1;3,/!035;-'!=A!M,Q;&!4;-.;3'321!E;&!GR(S!!
T-#//#;31!;E!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@SG+G#

 Source: BEA (2019). 
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:"#"!"%J/I)'C/7>%90+/5'%K(2+=',)%
N$!-3',!,-2;.(!D&!#;/7-!-3&!$'$&!3/2,&3/5;!'$9/<&!A+#9G&-,!-3#-!#+&!2,&;!'$!N[H@:F!J-3&!5#+C&,-!
7+/*';&+!/0!+&C'/$#5!'$72-R/2-72-!#$;!,/9'#5!#99/2$-'$C!;#-#!'$!-3&!)I1IKI!!:,!;',92,,&;!'$!;&-#'5!A&5/D(!
D&!D'55!2,&!N[H@:F!#,!-3&!<#'$!;#-#!,/2+9&!-/!;',-+'A2-&!7+/7+'&-/+,^!'$9/<&(!;'*';&$;,(!/-3&+!7+/7&+-.!
'$9/<&(!#$;!-+#$,0&+,!#9+/,,!,&9-/+,!#$;!'$9/<&!A+#9G&-,I!!E#A5&!Y!7+&,&$-,!-3&!$'$&!N[H@:F!3/2,&3/5;!
'$9/<&!A+#9G&-,!#$;!-3&!$2<A&+!/0!3/2,&3/5;,!'$!&#93!A+#9G&-I!
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:"#"#"%85*7/4''%?/5*'0)2,-/0% %
E/!9/$,-+29-!-3&!'$9/<&!;',-+'A2-'/$!<#-+'L!0/+!D#C&,!#$;!,#5#+'&,(!D&!0'+,-!9/55&9-&;!;#-#!0+/<!-3&!P@1!
?9927#-'/$#5!6<75/.<&$-!1-#-',-'9,!J?61K!JP@1(!O_MX#KI!!E3&!-D/!<#'$!<#-+'9&,!D&!2,&!#+&!-3&!
?9927#-'/$RN$;2,-+.!6<75/.<&$-!<#-+'L!#$;!-3&!?9927#-'/$RN$;2,-+.!%#C&!<#-+'LI!!E3&!'$;2,-+'&,!#+&!
;',#CC+&C#-&;!#-!YR;'C'-!F:N41!5&*&5!#$;!-3&!/9927#-'/$!9#-&C/+'&,!0/55/D!-3&!VR;'C'-!1-#$;#+;!
?9927#-'/$#5!45#,,'0'9#-'/$I!!a/+!&#93!/9927#-'/$!-.7&!/0!#!C'*&$!'$;2,-+.(!P@1!?61!;#-#!+&7/+-!$/-!/$5.!
-3&!#$$2#5!#*&+#C&!J<&#$K!D#C&,(!A2-!#5,/!D#C&!+#-&!'$!7&+9&$-'5&,!JM_(!OU(!U_(!WU(!X_KI!!?$&!5'<'-#-'/$!
/0!-3',!;#-#!,&-!D#,!-3#-!-3&!<'$'<2<!#$;!<#L'<2<!D#C&!7&+9&$-'5&,!#+&!M_!#$;!X_(!+&,7&9-'*&5.(!#$;!
3&$9&!'-!;/&,!$/-!+&#;'5.!7+/*';&!'$0/+<#-'/$!/$!-3&!D#C&!+#-&!0/+!-3&!3'C3&,-!#$;!5/D&,-!&#+$&+,I!!N$!
/+;&+!-/!;&#5!D'-3!-3',!5'<'-#-'/$(!D&!&,-'<#-&;!#$$2#5!D#C&!+#-&,!0/+!#$!&L-&$;&;!,&-!/0!7&+9&$-'5&,!JM(!
U(!O_(!Y_(!V_(!]_(!XU(!XXK!2,'$C!5'$&#+!'$-&+7/5#-'/$,!0/55/D'$C!-3&!<&-3/;/5/C.!;&*&5/7&;!A.!=/,&!&-!#5I!
JO_MOK!#$;!H+#C&+!JO_MSKI!
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<,=/'!P)!!0MH6DO!I;%1'@;/C!035;-'!V&,57'21!

T'>2%H'8<#
U.1'/%#V(71O%)#

*'"#'D#
T'>2%H'8<2#

W#'D#
T'>2%H'8<2#

<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% 

!!! ! ! !!!!!!!!!Source:  IMPLAN (2018). 

!
E3&!D#C&!;#-#!0/+!-3&!?61!,2+*&.!#+&!,-+#'C3-R-'<&(!C+/,,!7#.(!#$;!&L952;&!#$.!7+&<'2<!7#.!JP@1(!
O_MX#KI!!N$!#;;'-'/$(!#$.!/-3&+!&<75/.&&!A&$&0'-,!#$;!9/<7&$,#-'/$,!#+&!$/-!'$952;&;I!!N$!/+;&+!-/!
9#5925#-&!-3&!-/-#5!&<75/.&&!9/<7&$,#-'/$(!D&!9/55&9-!P@1!;#-#!/$!6<75/.&+!4/,-,!0/+!6<75/.&&!
4/<7&$,#-'/$!JP@1(!O_MXAKI!!E#A5&!U!7+&,&$-,!-3&!7&+9&$-#C&,!/0!-/-#5!9/<7&$,#-'/$!A&-D&&$!%#C&,!
#$;!1#5#+'&,!#$;!*#+'/2,!-.7&,!/0!&<75/.&&!A&$&0'-,!A.!<#\/+!/9927#-'/$!9#-&C/+.!#-!-3&!$#-'/$#5!5&*&5I!!
E#A5&!V!7+&,&$-,!,'<'5#+!7&+9&$-#C&,!A.!<#\/+!'$;2,-+.!C+/27I!!%&!0'+,-!9#5925#-&;!-3&!E/-#5!
4/<7&$,#-'/$!-/!%#C&,!#$;!1#5#+'&,!+#-'/!A.!/9927#-'/$!C+/27!2,'$C!;#-#!'$!E#A5&!U!-/!,9#5&!27!D#C&!
;#-#!-/!&<75/.&&!9/<7&$,#-'/$,I!!a/+!&L#<75&(!-3&!D&'C3-&;!#*&+#C&!+#-'/!0/+!#55!/9927#-'/$,!',!MISX(!
D3'93!',!9#5925#-&;!A.!,2A-+#9-'$C!-3&!7&+9&$-#C&!/0!&<75/.&+!9/$-+'A2-'/$!-/!C/*&+$<&$-!,/9'#5!
'$,2+#$9&!JYIUgK!0+/<!-3&!M__g!#$;!-3&$!;'*';&;!'-!A.!-3&!7&+9&$-#C&!/0!D#C&,!#$;!,#5#+'&,!JV]IVgK!'$!
-/-#5!9/<7&$,#-'/$I!!%&!-3&$!#;\2,-&;!0/+!-3&!*#+'#-'/$,!/0!-3',!+#-'/!#9+/,,!'$;2,-+.!,&9-/+,!A.!2,'$C!
-3&!;#-#!7+&,&$-&;!'$!E#A5&!VI!!a/+!&L#<75&(!-3&!E/-#5!4/<7&$,#-'/$!-/!%#C&,!#$;!1#5#+'&,!+#-'/!',!
+&5#-'*&5.!,<#55&+!0/+!-3&!@&',2+&!#$;!B/,7'-#5'-.!,&9-/+!9/<7#+&;!-/!-3&!)-'5'-'&,!,&9-/+I!!!

:0-&+!D&!9#5925#-&;!-3&!#$$2#5!&<75/.&&!9/<7&$,#-'/$!A.!,&9-/+!#$;!/9927#-'/$!0/+!&#93!7&+9&$-'5&!JM(!
U(!O_(!Y_(!V_(!]_(!XU(!/+!XXK(!D&!<25-'75.!'-!A.!-3&!$2<A&+!/0!&<75/.&&,!'$!&#93!7&+9&$-'5&!'$-&+*#5!/0!-3',!
/9927#-'/$!'$!-3',!,&9-/+!-/!/A-#'$!-3&!-/-#5!&<75/.&&!9/<7&$,#-'/$,!A.!7&+9&$-'5&I!!!F&L-(!-3&!-/-#5!
&<75/.&&!9/<7&$,#-'/$,!A.!7&+9&$-'5&!#$;!,&9-/+!#+&!#55/9#-&;!-/!-3&!+&5&*#$-!3/2,&3/5;!'$9/<&!
A+#9G&-,I!!E3&!?61!,&9-/+,!#+&!#5,/!<#77&;!-/!-3&!E6=[!4Z6!</;&5!,&9-/+,!J,&&!-3&!E6=[!,&9-/+'$C!
,93&<&!'$!:77&$;'L!PKI!!!a'$#55.(!D&!2,&;!-3&!&,-'<#-&!/0!E/-#5!6<75/.&&!4/<7&$,#-'/$,!'$!4#5'0/+$'#!'$!
O_M](!D3'93!D#,!eMISYV!-+'55'/$(!#,!-3&!9/$-+/5!-/-#5!-/!+&RA#5#$9&!-3&!&$-'+&!6<75/.&&!4/<7&$,#-'/$!
<#-+'L!D&!9/$,-+29-&;I!!E3&!0'$#5!<#-+'L!',!7+&,&$-&;!'$!:77&$;'L!E#A5&!4MI!!!!

!

!

!

!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

O_!
! !

<,=/'!W)!H'&5'32!;E!<;2,/!4;-.'31,2#;3!=A!X55%.,2#;3,/!L&;%.!

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

/(0$1)2%&'() *

3%412*5*
6%.%,'12*
-(&%.*

7%'8*
91%:1*

6#$$.101)&%.*
7%;*

<)2#,%)"1*
=1&',101)&*
5*6%:')42*

914%..;*
=1>#',18*
?1)1@'&2*

!"#"$%&%#'()*+,-%../,#"0()"#1)+%0"'%1) 233) 4567) 567) 869) 5) 468) 468)

))))!"#"$%&%#'():;./#%..()"#1)-/#"#</"0) 233) 4567) =6>) >65) 46=) ?6>) 46>)

))))@+,-%../,#"0)"#1)+%0"'%1) 233) 4567) 96=) 868) 564) 469) 468)

))))))))A%"<B%+.) 233) 456>) ?68) 367) 23) 236=) ?68)

)))))))))))@+/&"+C().%<,#1"+C()D).*%</"0)%1;<"'/,#).<B,,0)
'%"<B%+.)

233) 4464) 769) 36>) 22) 2864) 765)

))))))))E%$/.'%+%1)#;+.%.) 233) 4?64) =67) >64) =6>) ?67) 464)

F"0%.)"#1),--/<%) 233) 9362) 469) 86?) =6?) >65) 967)

))))F"0%.)"#1)+%0"'%1) 233) 9?67) ?69) 86?) 462) 86?) 969)

))))G--/<%)"#1)"1&/#/.'+"'/H%).;**,+') 233) 4968) 96>) 86?) 226>) 76?) 968)

F%+H/<%) 233) 9268) ?68) 862) 567) 767) 569)

I"';+"0)+%.,;+<%.()<,#.'+;<'/,#()D)!"/#'%#"#<%) 233) 49) ?67) >6>) =) ?6=) =6?)

))))J,#.'+;<'/,#()%K'+"<'/,#()-"+&/#$()-/.B/#$()D)-,+%.'+C) 233) 446>) 768) >68) 56=) 9) 2367)

))))L#.'"00"'/,#()&"/#'%#"#<%()"#1)+%*"/+) 233) 4969) 464) >6>) =62) 769) 564)

@+,1;<'/,#()'+"#.*,+'"'/,#()"#1)&"'%+/"0)&,H/#$) 233) 4?69) 4) 7) 236?) 769) =62)

))))@+,1;<'/,#) 233) 446>) 462) 765) 2369) >6?) 569)

))))A+"#.*,+'"'/,#)"#1)&"'%+/"0)&,H/#$) 233) 4?62) ?6=) >6>) 236>) ?65) =6?)
) ) ) ) ) ) ) )
A,'"0) 233) 4564) 968) 865) 569) ?67) 96>)

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

!
<,=/'!Y)!H'&5'32!;E!<;2,/!4;-.'31,2#;3!=A!03C%12&A!L&;%.!

<)8#2&,;*+,(#$*
-(&%.*
/(0$1)2%&'() *

3%412*5*
6%.%,'12*
-(&%.*

7%'8*
91%:1*

6#$$.101)&%.*
7%;*

<)2#,%)"1*
=1&',101)&*
5*6%:')42*

914%..;*
=1>#',18*
?1)1@'&2*

R00)S,+T%+.()$,,1.U*+,1;</#$)/#1;.'+/%.) 233) 4469) 46?) 76>) =68) 76=) 567)

))))J,#.'+;<'/,# ) 233) 4=68) 767) >62) 5) ?6>) 23)

)))!"#;-"<';+/#$ ) 233) 4?6?) 964) 76=) =6=) 76?) 969)

))))))))R/+<+"-')&"#;-"<';+/#$) 233) 436?) 56=) 962) 23) 962) 467)

R00)S,+T%+.().%+H/<%U*+,H/1/#$)/#1;.'+/%.) 233) 9365) 96>) >) 969) >64) 964)

))))A+"1%()'+"#.*,+'"'/,#()"#1);'/0/'/%.) 233) 9368) 46>) 865) 568) 768) 56>)

))))))))VB,0%."0%)'+"1%) 233) 9369) 96>) >62) 969) >64) 964)

))))))))E%'"/0)'+"1%) 233) 9?6>) 765) 868) 465) 86>) 564)

))))))))A+"#.*,+'"'/,#)"#1)S"+%B,;./#$ ) 233) 476>) 9) >6>) 2367) 46>) 569)

))))))))W'/0/'/%.) 233) 4365) 564) >64) =6=) 2362) 962)

))))L#-,+&"'/,# ) 233) 446>) =) 76?) 56?) ?68) 46?)

))))X/#"#</"0)"<'/H/'/%.) 233) 496>) 564) ?67) 56?) >69) 46?)

))))))))X/#"#<%)"#1)/#.;+"#<%) 233) 446>) =) ?6=) 56?) 762) 468)

))))))))))))))))J+%1/')/#'%+&%1/"'/,#)"#1)+%0"'%1)"<'/H/'/%.) 233) 4465) =62) 765) =62) >69) 46?)

))))))))))))))))L#.;+"#<%)<"++/%+.)"#1)+%0"'%1)"<'/H/'/%.) 233) 4?64) 565) ?65) 56=) 764) 46>)

))))))))E%"0)%.'"'%)"#1)+%#'"0)"#1)0%"./#$) 233) 9265) 465) 865) 56?) 868) 96=)

))))@+,-%../,#"0)"#1):;./#%..).%+H/<%.) 233) 926=) 96=) >68) 46>) >6>) 967)

))))))))@+,-%../,#"0)"#1)'%<B#/<"0).%+H/<%.) 233) 9269) 569) >62) 467) >6>) 46=)

))))))))R1&/#/.'+"'/H%)"#1)S".'%).%+H/<%.) 233) 9?64) 76=) 869) 4) 264) =68)

))))Y1;<"'/,#)"#1)B%"0'B).%+H/<%.) 233) 936>) 56>) 868) 56?) >64) 962)



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

OM!
! !

<)8#2&,;*+,(#$*
-(&%.*
/(0$1)2%&'() *

3%412*5*
6%.%,'12*
-(&%.*

7%'8*
91%:1*

6#$$.101)&%.*
7%;*

<)2#,%)"1*
=1&',101)&*
5*6%:')42*

914%..;*
=1>#',18*
?1)1@'&2*

))))))))Y1;<"'/,#"0).%+H/<%.) 233) 9862) 965) 36?) 5) 765) 465)

))))))))))))))))Z;#/,+)<,00%$%.()<,00%$%.()"#1);#/H%+./'/%.) 233) 4=69) =) 369) 56=) ?6>) 46?)

))))))))[%"0'B)<"+%)"#1).,</"0)"../.'"#<%) 233) 93) 56>) 86?) 564) >67) 962)

))))O%/.;+%)"#1)B,.*/'"0/'C) 233) 956>) >6>) 26?) ?6?) 26?) =6=)

))))))))R<<,&&,1"'/,#)"#1)-,,1).%+H/<%.) 233) 956>) >62) 26?) ?67) 26?) 2362)

))))G'B%+).%+H/<%.) 233) 9>) ?6=) 26?) 967) 76>) 5)

F'"'%)"#1)O,<"0)\,H%+#&%#') 233) 486?) 96?) 2) 2265) 2265) ?6?)

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

)

:"#":"%&(/*(-',/()L%90+/5'%
E3&!;',-+'A2-'/$!/0!7+/7+'&-/+,^!'$9/<&!#9+/,,!,&9-/+,!#$;!'$9/<&!A+#9G&-,!',!9#5925#-&;!A#,&;!/$!
N[H@:F!;#-#I!!E#A5&!W!7+&,&$-,!-3&!;',-+'A2-'/$!/0!7+/7+'&-/+,^!'$9/<&!#</$C!-3&!$'$&!'$9/<&!A+#9G&-,!
/A-#'$&;!0+/<!N[H@:FI!!N$!#;;'-'/$(!N[H@:F!#5,/!7+/*';&,!;#-#!/$!-3&!#</2$-!/0!7+/7+'&-/+,^!'$9/<&!
C&$&+#-&;!'$!&#93!,&9-/+I!!%&!#775.!-3&!;',-+'A2-'/$!7&+9&$-#C&,!#9+/,,!-3&!$'$&!'$9/<&!A+#9G&-,!'$!
E#A5&!W!-/!-3&!-/-#5!7+/7+'&-/+,^!'$9/<&!0/+!&#93!,&9-/+!-/!/A-#'$!-3&!;',-+'A2-'/$!/0!7+/7+'&-/+,^!'$9/<&!
#9+/,,!'$9/<&!A+#9G&-,!0/+!&#93!,&9-/+I!!E3&!2$;&+5.'$C!#,,2<7-'/$!',!-3#-!-3&!7+/7/+-'/$#5!;',-+'A2-'/$!
/0!7+/7+'&-/+,^!'$9/<&!#</$C!-3&!'$9/<&!A+#9G&-,!',!-3&!,#<&!#9+/,,!#55!,&9-/+,I!!!a'$#55.(!D&!2,&;!-3&!
P6:!&,-'<#-&!/0!-/-#5!7+/7+'&-/+,^!'$9/<&!'$!4#5'0/+$'#!'$!O_M](!D3'93!D#,!eOYXIW!A'55'/$(!#,!-3&!9/$-+/5!
-/-#5!-/!+&RA#5#$9&!-3&!&$-'+&!7+/7+'&-/+,^!'$9/<&!<#-+'L!D&!9/$,-+29-&;I!!E3&!0'$#5!<#-+'L!',!7+&,&$-&;!
'$!:77&$;'L!E#A5&!4OI!!!!!!

<,=/'!Z)!!F#12&#=%2#;3!;E!H&;.&#'2;&1[!035;-'!,-;3$!035;-'!V&,57'21!

T'>2%H'8<#
U.1'/%#V(71O%)#

C('&(3%)'(2X#
U.1'/%#
IYZJ#

C%(1%.)#
A32)(3?>)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). 

 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

OO!
! !

:"#"M"%?2*-,27%90+/5'%
N[H@:F!#5,/!7+/*';&,!;#-#!/$!-3&!;',-+'A2-'/$!/0!-3&!-/-#5!"'*';&$;!H#.<&$-,!#$;!?-3&+!H+/7&+-.!
N$9/<&!JD3'93!<#'$5.!'$952;&,!'$-&+&,-!7#.<&$-,!#$;!+&$-!'$9/<&K!#9+/,,!'$9/<&!A+#9G&-,I!!E#A5&!]!
7+&,&$-,!-3&!;',-+'A2-'/$,!'$!A/-3!;/55#+!#$;!7&+9&$-#C&!-&+<,I!!N$!#;;'-'/$(!N[H@:F!#5,/!7+/*';&,!;#-#!
/$!-3&!#</2$-!/0!?-3&+!H+/7&+-.!N$9/<&!A.!,&9-/+I!!%&!0'+,-!9#5925#-&;!-3&!7&+9&$-#C&!;',-+'A2-'/$!/0!
?-3&+!H+/7&+-.!N$9/<&!#9+/,,!,&9-/+,(!#$;!-3&$!#775.!'-!-/!-3&!-/-#5!#</2$-,!/0!"'*';&$;!H#.<&$-,!#$;!
?-3&+!H+/7&+-.!N$9/<&!'$!&#93!'$9/<&!A+#9G&-!-/!/A-#'$!-3&!;',-+'A2-'/$!#9+/,,!,&9-/+,!0/+!&#93!'$9/<&!
A+#9G&-I!!E3&!2$;&+5.'$C!#,,2<7-'/$!',!-3#-!-3&!7+/7/+-'/$#5!;',-+'A2-'/$!/0!"'*';&$;!H#.<&$-,!#$;!
?-3&+!H+/7&+-.!N$9/<&!#</$C!-3&!,&9-/+,!',!-3&!,#<&!#9+/,,!#55!'$9/<&!A+#9G&-,I!!!a'$#55.(!D&!2,&;!-3&!
P6:!&,-'<#-&!/0!-/-#5!"'*';&$;,(!N$-&+&,-(!#$;!=&$-#5!N$9/<&!'$!4#5'0/+$'#!'$!O_M](!D3'93!D#,!eUS]IS!
A'55'/$(!#,!-3&!9/$-+/5!-/-#5!-/!+&RA#5#$9&!-3&!9#7'-#5!'$9/<&!<#-+'L!D&!9/$,-+29-&;I!!E3&!0'$#5!<#-+'L!',!
7+&,&$-&;!'$!:77&$;'L!E#A5&!4SI!

!
<,=/'!S)!!F#12&#=%2#;3!;E!F#K#C'3C!H,A-'321!,3C!X2@'&!H&;.'&2A!035;-'!,-;3$!035;-'!V&,57'21!

T'>2%H'8<#
U.1'/%#
V(71O%) 

A3-3<%.<#
C7Q/%.)2#
IYZJ#

C%(1%.)#
A32)(3?>)3'.#
'D#A3-3<%.<#
C7Q/%.)2#

E)H%(#
C('&%()Q#
U.1'/%#
IYZJ#

C%(1%.)#
A32)(3?>)3'.#'D#
E)H%(#C('&%()Q#
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% 21,139.3 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). 

 

:"#"N"%&'()/027%1(20)@'(%A'+'-*,)%
E3&!0'$#5!9/<7/$&$-!/0!-3&!7&+,/$#5!'$9/<&!#99/2$-,!',!-3&!7&+,/$#5!-+#$,0&+!+&9&'7-,!J'$952;'$C!,/9'#5!
,&92+'-.!A&$&0'-,(!<&;'9#5!A&$&0'-,(!*&-&+#$^,!A&$&0'-,(!#$;!2$&<75/.<&$-!'$,2+#$9&!A&$&0'-,KI!!N[H@:F!
7+/*';&,!;#-#!/$!-3&!;',-+'A2-'/$!/0!0&;&+#5(!,-#-&!#$;!5/9#5!C/*&+$<&$-!-+#$,0&+!7#.<&$-,!-/!&#93!
3/2,&3/5;!'$9/<&!A+#9G&-I!!E#A5&!X!7+&,&$-,!-3&!;',-+'A2-'/$,!'$!A/-3!;/55#+!#$;!7&+9&$-#C&!-&+<,I!!
1'<'5#+!#,!0/+!-3&!/-3&+!9/<7/$&$-,!/0!-3&!7&+,/$#5!'$9/<&!#99/2$-,(!D&!2,&;!-3&!P6:!&,-'<#-&!/0!-/-#5!
H&+,/$#5!42++&$-!E+#$,0&+!=&9&'7-,!'$!4#5'0/+$'#!'$!O_M](!D3'93!D#,!eSYMIO!A'55'/$(!#,!-3&!9/$-+/5!-/-#5!-/!
+&RA#5#$9&!-3&!-+#$,0&+!'$9/<&!<#-+'L!D&!9/$,-+29-&;I!!E3&!0'$#5!<#-+'L!',!7+&,&$-&;!'$!:77&$;'L!E#A5&!
4YI!!a/+!-3',!<#-+'L(!-3&+&!#+&!/$5.!$2<A&+,!'$!-3&!1-#-&!q!@/9#5!Z/*&+$<&$-!#$;!a&;&+#5!Z/*&+$<&$-!
+/D,I !!!!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

OS!
! !

<,=/'!\)!!F#12&#=%2#;3!;E!H'&1;3,/!<&,31E'&!:'5'#.21!,-;3$!035;-'!V&,57'21!

T'>2%H'8<#
U.1'/%#
V(71O%) 

C%(2'.78#;(7.2D%(#
$%1%3&)2#D('/#=)7)%#[#

\'178#,'-%(./%.) #

# C%(2'.78#;(7.2D%(#
$%1%3&)2#D('/#]%<%(78#

,'-%(./%.) #
^78>%# C%(1%.)# # ^78>%# C%(1%.)#

<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). 
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!
(  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 
(I-O) 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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</+&!;#<#C&!-3#$!/-3&+,(!,293!#,!0#9-/+'&,!D'-3!,&$,'-'*&!&`2'7<&$-(!,&9-/+,!D3/,&!9/<7#$'&,!#+&!
5/9#-&;!'$!3'C3R+',&!A2'5;'$C,(!#$;!,&9-/+,!3'C35.!;&7&$;&$-!/$!'$0+#,-+29-2+&!'$!C&$&+#5I![/+&/*&+(!#55!
-3&!,&9-/+,!;'+&9-5.!#00&9-&;!3#*&!;'00&+&$-!<25-'75'&+,!/+(!</+&!A+/#;5.(!C&$&+#5!&`2'5'A+'2<!&00&9-,(!-3#-!
#+&!-+#$,<'--&;!-3+/2C3!-3&!,2775.!93#'$!D'-3'$!-3&!+&C'/$!#$;!A&./$;I!

F/-!/$5.!#+&!-3&+&!*#+'#-'/$,!'$!-3&!;',-+'A2-'/$!/0!&9/$/<'9!#9-'*'-.(!A2-!#5,/!*#+'#-'/$,!'$!-3&!
;',-+'A2-'/$!/0!'$9/<&!,-&<<'$C!0+/<!#$!&L-&+$#5!,3/9GI!N$!-3&!9#,&!/0!&#+-3`2#G&,(!3/2,&3/5;,!#+&!
;'+&9-5.!#00&9-&;!-3+/2C3!;#<#C&!-/!3/<&,!#$;!-3&'+!9/$-&$-,(!A2-!#5,/!-3+/2C3!93#$C&,!'$!7+/;29-'/$!
#9-'*'-.I!E3/,&!D/+G&+,!&<75/.&;!A.!9/<7#$'&,!</,-!#00&9-&;!;'+&9-5.!#$;!'$;'+&9-5.!A.(!,#.(!#$!
&#+-3`2#G&(!D'55!A&!#00&9-&;!</+&!-3#$!/-3&+,I!B/D&*&+(!D3&$!D&!,7&#G!/0!'$9/<&!;',-+'A2-'/$!'<7#9-,(!
D&!#+&!+&0&++'$C!-/!-3&!;',-+'A2-'/$!/0!'<7#9-,!#9+/,,!'$9/<&!C+/27,!#$;!$/-!/$5.!#9+/,,!,&9-/+,I!
69/$/<'9!,&9-/+,!;'00&+!'$!-3&'+!7+/0'5&!J;',-+'A2-'/$K!/0!'$9/<&!7#.<&$-,!#9+/,,!'$9/<&!A+#9G&-,I!E3&!
2$;&+5.'$C!0#9-/+,!#00&9-'$C!-3',!;',-+'A2-'/$!'$952;&!-3&!9#7'-#5R5#A/+!+#-'/!JD3'93!#00&9-,!-3&!+&5#-'*&!
7+/7/+-'/$!/0!D#C&,c,#5#+'&,!*&+,2,!9#7'-#5R+&5#-&;!'$9/<&K(!;&A-R&`2'-.!+#-'/!JD3'93!#00&9-,!+&5#-'*&!
7+/7/+-'/$,!/0!;'*';&$;!#$;!'$-&+&,-!7#.<&$-,K(!';'/,.$9+#-'9!0&#-2+&,!J/$5.!,/<&!,&9-/+,!3#*&!
,'C$'0'9#$-!7#.<&$-,!/0!+&$-,!/+!+/.#5-'&,KI!"+'55'$C!;/D$!;&&7&+(!-3&!,G'55!5&*&5,!/0!&<75/.&&,!#+&!
+&D#+;&;!;'00&+&$-'#55.(!#$;!-3&!,&9-/+#5!'$*&,-/+,!;'00&+!#9+/,,!'$9/<&!A+#9G&-,!J&ICI(!+&-'+&&,!#$;!-3/,&!
'$!3'C3&+!'$9/<&RA+#9G&-,!'$*&,-!</+&!3&#*'5.!'$!72A5'9!2-'5'-'&,(!/D'$C!7+'<#+'5.!-/!&9/$/<'9!,-#A'5'-.!'$!
-3&,&!,&9-/+,!0/+!-3&!0/+<&+!C+/27!#$;!-/!7+&0&+&$-'#5!-#L!-+&#-<&$-!0/+!-3&!5#--&+KI!4/<75'9#-'$C!-3&!
7'9-2+&!'$!-3&!9#,&!/0!C&$&+#5!&`2'5'A+'2<!#$#5.,',(!93#$C&,!'$!-3&!+#-&,!/0!0#9-/+!+&-2+$,!JD#C&,c,#5#+'&,!
#$;!9#7'-#5R+&5#-&;!'$9/<&K(!#,!D&55!#,!93#$C&,!'$!-3&!,3#+&,!/0!'$9/<&!-/!-3&,&!-D/!C&$&+#5!C+/27,!#5,/!
#00&9-!-3&!;',-+'A2-'/$!/0!'$9/<&I!

@'$G#C&!/0!-3&!-D/!#,7&9-,!/0!/2+!&9/$/<'9!'<7#9-!</;&5!'$*/5*&,!-D/!,-&7,I!!E3&!'$'-'#5!/$&!',!+#-3&+!
,-+#'C3-0/+D#+;!C'*&$!-3&!9/<</$#5'-.!/0!/$&!G&.!#,7&9-!/0!A/-3!</;25&,!RR!-3&!;',#CC+&C#-'/$!
#99/+;'$C!-/!&9/$/<'9!,&9-/+I!E3#-!',(!-3&!,&9-/+#5!95#,,'0'9#-'/$!',!-3&!,#<&!0/+!A/-3I!E32,(!-3&!0'+,-!,-&7!
,'<75.!'$*/5*&,!<25-'75.'$C!-3&!93#$C&,!'$!'$9/<&!'$!&#93!,&9-/+!A.!-3&!'$9/<&!;',-+'A2-'/$!<#-+'L!-/!
;&-&+<'$&!-3&!7+/0'5&!/0!'$9/<&!93#$C&,!A.!A+#9G&-!#,,/9'#-&;!D'-3!'$'-'#5!&#+-3`2#G&!;#<#C&,(!'$'-'#5!
93#$C&,!'$!-+#$,7/+-#-'/$!7#--&+$,(!#$;c/+!/7-'<#5!-+#$,7/+-#-'/$!+/2-&!+&9/$0'C2+#-'/$,!+&05&9-'$C!
+&,'5'&$9&I!E3&!+&,25-,!#+&!,2<<&;!#9+/,,!,&9-/+,!-/!/A-#'$!#$!/*&+#55!93#$C&!'$!'$9/<&!;',-+'A2-'/$!/0!
-3&!&9/$/<.!#,!#!+&,25-!/0!-3&!,3/9GI!E3&!'$'-'#5!;',-+'A2-'/$!#$;!-3&!93#$C&;!;',-+'A2-'/$!9#$!A&!
9/<7#+&;!A.!#!$2<A&+!/0!<&-+'9,(!,293!#,!-3&!Z'$'!9/&00'9'&$-(!-/!;&-&+<'$&!D3&-3&+!-3&!'$9/<&!
;',-+'A2-'/$!3#,!A&&$!D/+,&$&;!/+!'<7+/*&;I!%&!#9G$/D5&;C&!,/<&!5'<'-#-'/$,!/0!,'$C5&R7#+#<&-&+!
<&-+'9,!5'G&!-3&!Z'$'!9/&00'9'&$-(!,/!D&!D'55!<#G&!2,&!/0!C+#73'9#5!#77+/#93&,!/0!-3&!&$-'+&!;',-+'A2-'/$!
,293!#,!-3&!@/+&$b!92+*&!#$;!D'55!#5,/!2-'5'b&!<25-'R7#+#<&-&+!'$9/<&!;',-+'A2-'/$!<&-+'9,!#,!D&55I!

E3&!,&9/$;!,-&7!',!</+&!9/<75'9#-&;(!'$!-3#-!'-!-#G&,!'$-/!#99/2$-!93#$C&,!'$!-D/!/-3&+!<#\/+!0#9-/+,!
'$052&$9'$C!-3&!'$9/<&!;',-+'A2-'/$T!-3&!93#$C&,!'$!9#7'-#5R5#A/+!+#-'/!#$;!93#$C&,!'$!0#9-/+!+&-2+$,I!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

SM!
! !

P/-3!/0!-3&,&!,-'<25'!9#$!A&!9#5925#-&;!A.!-3&!E6=[![/;&5I!N$!-2+$(!-3&.!#+&!2,&;!-/!#;\2,-!-3&![1N"[I!
E3&!#;\2,-<&$-!7+/9&,,!'$*/5*&,!+&-2+$'$C!-/!-3&!A#,'9!A2'5;'$C!A5/9G,!/0!-3&![1N"[(!,293!#,!-3&!
%#C&c1#5#+.c6<75/.&&!4/<7&$,#-'/$![#-+'L!#$;!-3&!4#7'-#5R=&5#-&;!N$9/<&![#-+'LI!!E3&!93#$C&!'$!
9#7'-#5R5#A/+!+#-'/!',!+&05&9-&;!A.!-3&!93#$C&!'$!-3&!+&5#-'*&!D&'C3-,!/0!-3&,&!-D/!<#-+'9&,(!#$;!-3&!
93#$C&!'$!0#9-/+!+&-2+$,!#5,/!#00&9-,!-3&!+&5#-'*&!D&'C3-,I!E3',!.'&5;,!#!$&D![1N"[!-/!A&!#775'&;!-/!-3&!
*&9-/+!/0!,&9-/+#5!'$9/<&!93#$C&,!'$!#!<#$$&+!,'<'5#+!-/!-3#-!;&,9+'A&;!'$!-3&!7+&*'/2,!7#+#C+#73I!
B&$9&(!-3&!A/--/<R5'$&!'$9/<&!;',-+'A2-'/$!'<7#9-,!#+&!;&-&+<'$&;!A.!-3',!,&9/$;!,&-!/0!9#5925#-'/$,I!!
%&!$/-&!/$&!5'<'-#-'/$!/0!-3&!#$#5.,',(!'$!-3#-!'-!/<'-,!#$.!0&&;A#9G!&00&9-,!/0!93#$C&,!'$!-3&!'$9/<&!
;',-+'A2-'/$!/$!&9/$/<'9!#9-'*'-.I!E3',!D/25;!-#G&!75#9&!A&9#2,&!-3&!;',-+'A2-'/$!/0!72+93#,&!/0!C//;,!
#$;!,&+*'9&,!A.!3/2,&3/5;,!;'00&+,!#9+/,,!'$9/<&!A+#9G&-,I!!a/+!&L#<75&(!+&5#-'*&5.!C+&#-&+!;',-+'A2-'/$#5!
'<7#9-,!/$!3'C3R'$9/<&!C+/27,!D'55!+&;29&!-3&!72+93#,&,!/0!52L2+.!C//;,!+&5#-'*&5.!</+&!-3#$!-3&!A#,&!
'$9/<&!;',-+'A2-'/$I!B/D&*&+(!,-2;'&,!3#*&!,3/D$!-3#-!-3',!0&&;A#9G!&00&9-!/$!-3&!A/--/<R5'$&!'$9/<&!
;',-+'A2-'/$!',!-.7'9#55.!<293!,<#55&+!-3#$!-3&!;'+&9-!#$;!'$;'+&9-!'<7#9-,!+&,25-'$C!0+/<!93#$C&,!'$!-3&!
,&9-/+#5!<'L(!9#7'-#5R5#A/+!+#-'/(!#$;!+#-&,!/0!0#9-/+!+&-2+$,I!

:":"#"%90,'B(2,'>%F/>'7-0B%34),'5%
a'C2+&!U!;',75#.,!3/D!-3&!*#+'/2,!#$#5.-'9#5!</;&5,!#+&!'$-&C+#-&;!'$!-3',!,-2;.I!!N$!C&$&+#5(!0/+<#5!
3#b#+;!#$#5.,',!+&,25-,!'$!,'$C5&!/+!<25-'R3#b#+;!,&--'$C,!#+&!+&`2'+&;!-/!+&#5',-'9#55.!,'<25#-&!#!;',+27-'/$!
'$!-3&!$&-D/+G!#$;!'$!-3&!&9/$/<.I!a/+!-3',!,-2;.(!3#b#+;!93#+#9-&+'b#-'/$!#$;!;#<#C&!#,,&,,<&$-!
+&,25-,!0+/<!#!9/$92++&$-!D/+G!J8/9!&-!#5I(!O_O_K(!$#<&5.!;#<#C&!#$;!+&9/*&+.!/0!A+';C&,!'$!-3&!9#,&!/0!
#!,'<25#-&;!&#+-3`2#G&!,9&$#+'/!D&+&!-#G&$!-/!'$0/+<!-3&!-+#$,7/+-#-'/$!,.,-&<,!#$#5.,',I!:;;'-'/$#55.(!
-3&!,#<&!,9&$#+'/!D#,!,'<25#-&;!-/!&,-'<#-&!;#<#C&,!-/!/-3&+!A2'5;'$C,!J'I&I(!a6[:!B:>)1(!Z&$&+#5!
P2'5;'$C!1-/9GK!#$;!7/+-,I!E3&,&!3#b#+;!+&,25-,!'$0/+<!A/-3!-3&!-+#$,7/+-#-'/$!,.,-&<!#$#5.,',!J1&&!
YIMIOIK!#$;!,/9'/&9/$/<'9!'<7#9-!#$#5.,',I!!

!

Q;&<,0*0%(6&.+(3*6,#&*3E&R(%'#E0&%#&F0%,=*%(&<,0*0%(6&
<*=*2(0 &
E/!'552,-+#-&!-3&!D/+G'$C!/0!-3&!'$-&C+#-&;!-+#$,7/+-#-'/$R,/9'/&9/$/<'9!'<7#9-!</;&5(!D&!2,&!-3&!
+&,25-,!/0!#!,'<25#-&;!,9&$#+'/!&#+-3`2#G&(!#![D!WIS!&#+-3`2#G&!9#2,&;!A.!#!+27-2+&!/0!-3&!H#5/,!
Q&+;&,!4/$$&9-&;!0#25-!,.,-&<!#-!#$!&7'9&$-+#5!;',-#$9&!MIY!G<!/00!-3&!H/+-,!/0!@/,!:$C&5&,!#$;!@/$C!
P&#93!#,!#!9#,&!,-2;.9I!E3',!,9&$#+'/!&*&$-(!';&$-'0'&;!A.!;',#CC+&C#-'$C!-3&!7+/A#A'5',-'9!,&',<'9!3#b#+;!
'$!-3&!#+&#!0/+!XWUR.&#+!+&-2+$!7&+'/;(!D#,!,'<25#-&;I!600&9-,!/0!-3&!&#+-3`2#G&!#+&!5'<'-&;!-/!C+/2$;!
,3#G'$C!/$5.I!N$!-3',!,&9-'/$!D&!;',92,,!-3&!<&-3/;/5/C.!2,&;!0/+!#;;'-'/$#5!3#b#+;!93#+#9-&+'b#-'/$!#$;!
;#<#C&!#,,&,,<&$-!9#++'&;!/2-!0/+!JMK!A+';C&,(!JOK!7/+-,!#$;!JOK!C&$&+#5!A2'5;'$C,I!N$!-+#$,7/+-#-'/$!
,.,-&<,!#$#5.,&,(!A+';C&,!#+&!+&C#+;&;!#,!-3&!</,-!9+'-'9#5!,&C<&$-,!/0!#!+/#;!$&-D/+G!;2&!-/!5/D&+!
+&;2$;#$9.!#,,/9'#-&;!D'-3!-3&<I!E3&!7/-&$-'#5!;#<#C&,!#$;!;',+27-'/$,!-/!H/+-,!/0!@/,!:$C&5&,!#$;!
@/$C!P&#93!#+&!&,,&$-'#5!-/!-3&!9#,&!,-2;.!A&9#2,&!-3&.!#+&!-3&!<#'$!/+'C'$!#$;!;&,-'$#-'/$!/0!
'$-&+$#-'/$#55.!-+#;&;!9/<</;'-'&,!'$!-3&!+&C'/$I!!

!
)  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. 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

SO!
! !

"#$%&'!W)!032'$&,2#;3!;E!<&,31.;&2,2#;3!,3C!*5;3;-#5!M;C'/1!!

!

!

N"#"$H).?40$.4$F2.-9+.)$A+9+@)2$.4$<*-0@)2$
X]!A+';C&,!'$!#!+&C'/$!/0!'$-&+&,-!#+/2$;!-3&!7/+-,!J1&&!a'C2+&!VK!D&+&!</;&5&;!A.!-3&!#2-3/+,^!
9/55#A/+#-/+,!2,'$C!#!9/<72-&+!*','/$!&$#A5&;!<&-3/;/5/C.!D3'93!',!A&./$;!-3&!,9/7&!3&+&I!E3&!
+&<#'$;&+!/0!-3&!A+';C&!'$*&$-/+.!'$!-3&!+&C'/$!D#,!9/<75&<&$-&;!0+/<!a6[:^,!B:>)1!,/0-D#+&!
Ja6[:(!O_M_KI!E3+/2C3!#$!#,,&,,<&$-!/0!-3&!0+#C'5'-.!02$9-'/$,!9/++&,7/$;'$C!-/!-3',!3.A+';!'$*&$-/+.(!
;#<#C&!,-#-&!7+/A#A'5'-'&,!0/+!-3&!9/<</$5.!2,&;!U!;#<#C&!,-#-&,!JF/$&(!15'C3-(![/;&+#-&(!6L-&$,'*&(!
#$;!4/<75&-&K!D&+&!&,-'<#-&;I!"#<#C&!,-#-&!+&,25-,!-'&!-/!-3&!+&,-/+#-'/$!02$9-'/$,!C'*&$!'$!B:>)1!
-3#-!#55/D!-3&!&,-'<#-'/$!/0!;/D$-'<&,I!4/$,&`2&$-5.(!A+';C&!95/,2+&,!9#$!A&!'<75&<&$-&;!'$!*#+'/2,!
$&-D/+G!*&+,'/$,!-3#-!9/55&9-'*&5.!+&7+&,&$-!-3&!;',+27-'/$!#$;!+&9/*&+.!/0!-3&!-+#$,7/+-#-'/$!$&-D/+G!
2$;&+!<&$-'/$&;!,9&$#+'/!&#+-3`2#G&I!a'C2+&!V!,3/D,!A+';C&!95/,2+&,!/$!"#.!M!#0-&+!-3&!,9&$#+'/!
&*&$-I!!E3&!+&9/*&+.c+&R/7&$!-'<&!7#-3!/0!-3&!;#<#C&;!A+';C&,!',!7+&,&$-&;!'$!1&9-'/$!VISI!!
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"#$%&'!Y)!M;C'/'C!V&#C$'!4/;1%&'1!;3!F,A!(!!

!

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

 

N"!"$H).?40$.4$F2.-9+.)$A+9+@)2$.4$C4*.2$45$L42$=(@)')2$+(0$L4(@$<)+3?$
E/!,'<25#-&!-3&![D!WIS!&#+-3`2#G&!,9&$#+'/(!-3&!+&,&#+93&+,!2-'5'b&;!B:>)1!YIO!Ja6[:!O _M_K(!a6[:^,!
3#b#+;!5/,,!&,-'<#-'/$!,/0-D#+&!D'-3!-3&!;&0#25-!A2'5;'$C!'$*&$-/+.!;#-#!/$!7/+-,!#$;!3#+A/+,!-/!
&,-'<#-&!;#<#C&!#$;!02$9-'/$#5'-.!#-!-3&!H/+-,!/0!@/,!:$C&5&,!#$;!@/$C!P&#93I!H+/A#A'5'-'&,!0/+!&#93!
;#<#C&!,-#-&!#,!D&55!#,!-3&!&L7&9-&;!02$9-'/$#5'-.!5&*&5,!-3+/2C3/2-!-3&!+&9/*&+.!-'<&5'$&!#+&!
&,-'<#-&;!0/+!MWM!0#9'5'-'&,!'$!-/-#5!0/+!A/-3!7/+-,!JA&+-3,(!-&+<'$#5,(!&-9IKI!%&!-3&$!2,&!/00'9'#5!0#9'5'-.!
<#7,!72A5',3&;!A.!-3&!7/+-!#2-3/+'-'&,!-/!<#$2#55.!95#,,'0.!-3&!A&+-3,!'$!-3&!B:>)1!'$*&$-/+.!'$-/!<#'$!
9#+C/!9#-&C/+'&,!3#$;5&;!A.!-3&!0#9'5'-'&,!,293!#,!#2-/</A'5&(!9/$-#'$&+'b&;!9#+C/(!;+.!A25G(!5'`2';!A25G(!
&-9I(!-/!5'$G!-3&!0#9'5'-.!;/D$-'<&,!-/!;',+27-'/$,!/0!'<7/+-&;!#$;!&L7/+-&;!9/<</;'-.!05/D,I!! !

N">"$H).?40$.4$F2.-9+.)$I)()*+'$<&-'0-(@$A+9+@)2$
B:>)1!3#,!#!;&-#'5&;!5/,,!&,-'<#-'/$!<&-3/;/5/C.!0/+!-3&!;#<#C&,!#$;!-3&!;'+&9-!5/,,&,!+&,25-'$C!0+/<!
-3&!*25$&+#A'5'-.!/0!-3&!C&$&+#5!A2'5;'$C!,-/9G!JZP1K!-/!-3&!,'<25#-&;!&*&$-I!ZP1!'$952;&,!+&,';&$-'#5(!
9/<<&+9'#5(!'$;2,-+'#5(!#C+'925-2+#5(!+&5'C'/2,(!C/*&+$<&$-(!#$;!&;29#-'/$#5!A2'5;'$C,(!#$;!-3&!;#<#C&!
,-#-&!7+/A#A'5'-.!/0!-3&!C&$&+#5!A2'5;'$C!,-/9G!',!9/<72-&;!#-!-3&!9&$-+/';!/0!-3&!9&$,2,!-+#9-I!E3&!
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!"#$ % Single Family Dwelling &'($ % Heavy 
!"#) % Mobile Home 

 
&'() % Light 

!"#* % Multi Family Dwelling &'(* % Food/Drugs/Chemicals 
!"#+ % Temporary Lodging 

 
&'(+ % Metals/Minerals Processing 

!"#, % Institutional Dormitory &'(, % High Technology 
!"#- % Nursing Home 

 
&'(- % Construction 

./!$ % Agriculture 
 

012$ % Retail Trade 
!"3$ % Church/Non-Profit 

 
012) % Wholesale Trade 

/14$ % General Services 
 

012* % Personal and Repair Services 
/14) % Emergency Response 012+ % Professional/Technical Services 
"(5$ % Grade Schools 

 
012, % Banks 

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

  
0126 % Medical Office/Clinic 

%  
  

0127 % Entertainment and Recreation %    
0128 % Theaters 

%    
012$9 % Parking 

!
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02$9-'/$#5'-.!'$;'9#-&,!/$5.!<#+C'$#5!93#$C&,!C'*&$!-3&!3'C3!+&;2$;#$9.!'$!-3&!;&$,&!2+A#$!$&-D/+G12(!
D&!2,&!93#$C&,!'$!EEE!JE/-#5!E+#*&5!E'<&K!;'+&9-5.!#,!-3&!'$;'9#-/+!/0!93#$C&,!'$!-+#$,7/+-#-'/$!9/,-,!D3&$!
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;&9+&#,'$C! +&5#-'*&! 02$9-'/$#5'-.! ',! 7&+9&'*&;! #,! #! 7&+9&$-#C&! '$9+&#,&! '$! -+#$,7/+-#-'/$! 9/,-,I! E3&,&!
&,-'<#-&,! #+&! 7+/*';&;! '$! E#A5&! MSI! a/+! '$,-#$9&(! ;2+'$C! -3&! 0'+,-! D&&G! #0-&+! -3&! ,9&$#+'/! &*&$-(! -3&!
'$-+#+&C'/$#5!-+#$,7/+-#-'/$!'$!@:![&-+/!+&C'/$!',!&,-'<#-&;!-/!A&!XI]]g!</+&!9/,-5.!#$;!-3&!'$-&++&C'/$#5!
-+#$,7/+-#-'/$!A&-D&&$!-3&!@:![&-+/!+&C'/$!#$;!=&,-!/0!4:!',!&,-'<#-&;!-/!A&!YIXYg!</+&!9/,-5.I!!!
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!
!
!
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!

!
!*  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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"#$%&'!S)!:'$#;3,/!?A12'-!"%352#;3,/#2A!`T2U 

 

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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<,=/'!(N)!H'&5'32,$'!035&',1'!#3!<&,31.;&2,2#;3!4;121!E;&!032&,&'$#;3,/!,3C!032'&&'$#;3,/!
<&,31.;&2,2#;3!='2J''3!6D!M'2&;!:'$#;3!,3C!:'12!;E!4D!! !

DAYS 1-7 
FROM / TO \0#Z_;$E # $_=;#E]#60#

LA METRO 9.88 4.94    

DAYS 7-30 
FROM / TO \0#Z_;$E # $_=;#E]#60#

LA METRO 1.34 0.67    

DAYS 30-90 
FROM / TO \0#Z_;$E # $_=;#E]#60#

LA METRO 1.28 0.64    

DAYS 90-104 
FROM / TO \0#Z_;$E # $_=;#E]#60#

LA METRO 1.04 0.52    

DAYS 104-105 
FROM / TO \0#Z_;$E # $_=;#E]#60#

LA METRO 0.92 0.46 

 

N"$"! %R0>'(),20>-0B%E-)(I*,-/0%20>%A'+/.'(4%/@%A'B-/027%1(20)*/(,2,-/0%I0>'(%E4025-+%
A')-7-'0+'%12+,-+)%
1/!0#+!'$!-3&!+&7/+-(!-3&!+&,'5'&$9&!/0!-3&!-+#$,7/+-#-'/$!,.,-&<j '$!#!l,-#-'9!+&,'5'&$9&^!<#$$&+j 3#,!
A&&$!#2-/<#-'9#55.!'$-&C+#-&;!'$!-3&!&,-'<#-&,!/0!,.,-&<!+&9/*&+.!'$!-&+<,!/0!-3&!-+#$,7/+-#-'/$!,.,-&<!
02$9-'/$#5'-.!<&-+'9,!J'I&I(!QBE(!Q[E(!QB"K(!A.!#,,2<'$C!-3#-!-3&!-+'7,!#+&!5/#;&;!/$!-/!-3&!;&C+#;&;!
-+#$,7/+-#-'/$!$&-D/+G!-/!0'$;!$&D!)6!J2,&+!&`2'5'A+'2<K!A#,&;!,/52-'/$,!-/!-3&!-+#00'9!#,,'C$<&$-!
7+/A5&< 13I!!N$!9/$-+#,-(!-3&!+&9/*&+.!/0!-3&!;#<#C&;!A+';C&,!',!&,-'<#-&;!-3+/2C3!-3&!B:>)1!
+&,-/+#-'/$!02$9-'/$,I!N$!/-3&+!D/+;,(!-3&+&!3#,!A&&$!$/!</;&5'$C!0/+!-3&!+&,'5'&$9&!-#9-'9,!7/-&$-'#55.!
#*#'5#A5&!#-!-3&!,.,-&<!5&*&5!-3#-!9#$!#99&5&+#-&!-3&!,7&&;!/0!-3&!+&9/*&+.!/0!-3&!;&C+#;&;!,.,-&<(!'I&I(!
;.$#<'9!+&,'5'&$9&I!N$!-3',!,&9-'/$(!D&!7+&,&$-!+&,25-,!0+/<!#!-&,-'$C!/0!,293!#!-#9-'9(!,7&9'0'9#55.!#!
3.7/-3&-'9#5!'$-&+*&$-'/$!A.!-3&!;&9','/$!<#G&+,!-/!G&&7!]!A+';C&,!/7&$!-/!,&+*'9&!/$!-3&!NY_U!9/++';/+!
A&-D&&$!-3&!NY_UcNMM_!#$;!NY_UcNM_!'$-&+,&9-'/$,I!a/+!'$,-#$9&(!,293!#$!'$-&+*&$-'/$!9/25;!&$-#'5!-3&!
+#7';!'$,-#55<&$-!/0!-&<7/+#+.!,277/+-!,-+29-2+&,!,293!#,!,3/+'$C!,.,-&<,!-3#-!#+&!/0-&$!2,&;!'$!A+';C&!
9/$,-+29-'/$14I!?$!"#.!M!#0-&+!-3&!,9&$#+'/!&#+-3`2#G&(!-3&,&!]!A+';C&,!/$!-3&!<&$-'/$&;!9/++';/+!D&+&!

!
!#  In 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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-3&!&#+5'&+!,&9-'/$,!JH5&#,&!,&&!-3&!C+&&$!7/'$-!0&#-2+&,!'$!a'C2+&!X!A&5/D!0/+!-3&,&!A+';C&,KI!"2&!-/!-3&!
5#9G!/0!;#-#!#$;!5'-&+#-2+&!/$!-3&!;.$#<'9!+&,'5'&$9&!9#7#9'-'&,!/0!/D$&+,!#$;!#C&$9'&,(!#,!#$!&00/+-!-/!
-&,-!#!7/-&$-'#5!-#9-'9(!-3&!#2-3/+,!#,,2<&!-3#-!-3&,&!]!A+';C&,!#+&!G&7-!/7&$!/$!"#.!M(!3&$9&!
9/$-+'A2-'$C!-/!#!0#,-&+!+&9/*&+.!0/+!-3&!&$-'+&!,.,-&<I!!

E/!`2#$-'0.!-3&!9/$-+'A2-'/$!/0!-3&!</+&!+#7';!/7&$'$C!/0!-3&!]!A+';C&,!-/!,.,-&<!02$9-'/$#5'-.!;2+'$C!
"#.,!MRW!#0-&+!-3&!,9&$#+'/!&*&$-(!-3&!#2-3/+,!+&'-&+#-&;!-3&!-+#$,7/+-#-'/$!,.,-&<,!#$#5.,',!9/<7/$&$-!
/0!-3&!#$#5.-'9#5!0+#<&D/+G!<&$-'/$&;! '$!&#+5'&+!,&9-'/$,I!a+/<!-3&!+&,25-,!J1&&!a'C2+&!M_K(!D&!0'$;!#!
,'C$'0'9#$-!'<7+/*&<&$-!-/!,.,-&<!02$9-'/$#5'-.!0/+!-3',!-'<&!7&+'/;!'$!9/<7#+',/$!D'-3!-3&!-+#$,7/+-#-'/$!
,.,-&<!A#,&!9#,&!D3&+&!-3&!]!A+';C&,!#+&!95/,&;!-/!,&+*'9&!;2+'$C!%&&G!MI!17&9'0'9#55.(!-3&+&!',!/*&+!#!Sg!
+&;29-'/$!'$!02$9-'/$#5'-.!5/,,!'$!@I:I!4/2$-.!#$;!#!+&;29-'/$!/0!OO_(___!3/2+,c;#.!,7&$-!'$!-+#00'9!'$!-3&!
,-2;.!+&C'/$!D'-3!+&,7&9-!-/!-3&!A#,&!9#,&I!E3',!',!#55!;2&!-/!-3&!+#7';!+&9/*&+.!/0!]!A+';C&,!J/2-!/0!MYW!
95/,2+&,!/$!"#.!MK!';&$-'0'&;!'$!-3&!-#9-'9(!D3'93!&<73#,'b&,!-3&!9#7#A'5'-.!-/!#93'&*&!5#+C&!'<7+/*&<&$-,!
'$!+&,'5'&$9&!,-+#-&C'9#55.I!

"#$%&'!\>!V&#C$'1!F''-'C! X.'3!%3C'&!2@'!FA3,-#5!: '1#/#'35'!<,52#5!='2J''3!F,A1!( BZ]!,3C!V&#C$'1!
2@,2!: '-,#3! 4/;1'C!C%&#3$!2@'!?,-'! <#-'! H'&#;C)!!
!

!
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"#$%&'!(R)!:'$#;3,/!?A12'-!"%352#;3,/#2A!`T2U!='E;&'!,3C!,E2'&!:'1#/#'35'!<,52#5!

!

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

!

E#A5&!MY!,3/D,!-3&!9/++&,7/$;'$C!-+#$,7/+-#-'/$!9/,-!'$9+&#,&,!J"#.,!MRWK!A&-D&&$!-3&!+&C'/$,!/0!-3&!
E6=[! [/;&5!A&0/+&!#$;!#0-&+!-3&!+#7';!+&9/*&+.!+&,'5'&$9&!-#9-'9(!D3'93!D'55!A&!2,&;!#,!E6=[!</;&5!
'$72-,!'$!-3&!,/9'/&9/$/<'9!'<7#9-!#$#5.,',!'$!1&9-'/$!WIMI!!!

!

<,=/'! (P)!TaU!035&',1'1!#3!<&,31.;&2,2#;3!4;121!E;&!F,A1!(BZ!='E;&'!,3C!,E2'&!2@'!: '1#/#'35'!<,52#5)!

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

FROM / TO \0#Z_;$E # $_=;#E]#60# \0#Z_;$E # $_=;#E]#60#

LA METRO 9.88 4.94 7.27 3.63 
   

  
 

 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

YM!
! !

O"!"$P&(3.-4(+'-./$L422$+(0$1)34D)*/$+.$.?)$C4*.2$45$L42$=(@)')2$+(0$L4(@$<)+3?$$
"2&!-/!-3&!,7&9'#5!0/92,!/$!-3&!7/+-!9/<75&L!'$!-3',!7+/\&9-(!'$,-&#;!/0!<#G'$C!,'<75&!#,,2<7-'/$,!/$!-3&!
+&<#'$'$C! 02$9-'/$#5'-.! #-! -3&! 7/+-,! #0-&+! -3&! ,9&$#+'/! &*&$-(! -3&! #2-3/+,! &<75/.&;! -3&! B:>)1!
<&-3/;/5/C.!-/!0'$;!&,-'<#-&,!/0!7/+-!+&<#'$'$C!02$9-'/$#5'-.!0/55/D'$C!-3&!,-+'G&!/0!-3&!&#+-3`2#G&!#,!
D&55!#,!'-,!+&9/*&+.!7#-3I!B:>)1!#99/<</;#-&,!#!;#-#A#,&!-3#-!7+/*';&,!;&-#'5&;!'$0/+<#-'/$!J/D$&+(!
#;;+&,,(!9//+;'$#-&,(!&-9IK!#A/2-!-3&!A&+-3,!#-!-3&!7/+-,I!B/D&*&+(!#$!'$;2,-+.!95#,,'0'9#-'/$!,93&<&!',!
$/-!C'*&$I!E3&+&0/+&(!#,!7+&,&$-&;! '$!1&9-'/$!UIOI(!D&!2,&;!/00'9'#5!0#9'5'-.!<#7,!72A5',3&;!A.!-3&!7/+-!
#2-3/+'-'&,!-/!<#$2#55.!95#,,'0.!-3&!A&+-3,!'$!-3&!B:>)1!'$*&$-/+.!'$-/!<#'$!9#-&C/+'&,!/0!9#+C/,!3#$;5&;!
A.!-3&!;#<#C&;!0#9'5'-'&,I!E3',!D#.(!02$9-'/$#5'-.!5/,,!#$;!+&9/*&+.!'$0/+<#-'/$!D#,!0&;!'$-/!-3&!E6=[!
[/;&5!0/+!U!;'00&+&$-!9#+C/!9#-&C/+'&,!J9/$-#'$&+'b&;(!A+&#GA25G(!;+.!A25G(!5'`2';!A25G(!#2-/</A'5&,KI!E#A5&!
MU!,3/D,!-3&,&!&,-'<#-&,!,&7#+#-&5.!0/+!H/+-,!/0!@/,!:$C&5&,!#$;!@/$C!P&#93I!

<,=/'!( W)!H'&5'32,$'!;E!H;&2!"%352#;3,/#2A!,3C!:'5;K'&A!*12#-,2'1!E;&!F#EE'&'32!4,&$;BI,3C/#3$!
<'&-#3,/1!

C'()#'D#\'2#0.9%8%2# ## ## ## ## ## ## ##

]71383)3%2# A7Q#!# A7Q#4# A7Q#G# A7Q#!:# A7Q#4M# A7Q#LM# A7Q#!@M#

6'.)73.%(#;%(/3.782# 51.57 66.47 71.96 72.96 75.74 87.19 100.00 

V(%7O?>8O# 51.40 66.30 71.80 72.80 75.60 87.10 100.00 

A(Q#V>8O# 52.00 66.90 72.40 73.40 76.10 87.40 100.00 

\3`>3<#V>8O# 51.48 66.38 71.86 72.88 75.64 87.14 100.00 

0>)'/'?38%2# 53.40 68.25 73.70 74.70 77.30 88.20 100.00 
#        

C'()#'D#\'.9#V%71H# ## ## ## ## ## ## ##

]71383)3%2# A7Q#!# A7Q#4# A7Q#G# A7Q#!:# A7Q#4M# A7Q#LM# A7Q#!@M#

6'.)73.%(#;%(/3.782# 59.73 74.03 79.22 80.05 82.16 91.04 100.00 

V(%7O?>8O# 60.00 74.26 79.41 80.21 82.32 91.15 100.00 

A(Q#V>8O# 58.91 73.34 78.54 79.39 81.56 90.72 100.00 

\3`>3<#V>8O# 58.38 72.82 78.06 78.88 81.14 90.48 100.00 

0>)'/'?38%2# 60.70 74.90 80.00 80.80 82.80 91.40 100.00 

 

O">"$I)()*+'$<&-'0-(@$8.43M$A+9+@)2$-($I*)+.)*$L42$=(@)')2 
E#A5&!MV!7+&,&$-,!-3&!C&$&+#5!A2'5;'$C!;#<#C&!;#-#!9#5925#-&;!A#,&;!/$!-3&!B:>)1!&#+-3`2#G&!
,'<25#-'/$!+&,25-,I!!E3&!7&+9&$-!A2'5;'$C!#$;!9/$-&$-!5/,,&,!J5#,-!9/52<$K!',!9#5925#-&;!A.!;'*';'$C!-3&!
,2<!/0!;/55#+!5/,,&,!'$!A2'5;'$C!#$;!9/$-&$-,!#9+/,,!-3&!-3+&&!9/2$-'&,!/0!-3&!@:![&-+/!=&C'/$!A.!-3&!
-/-#5!&L7/,2+&!*#52&,!/0!A2'5;'$C!,-/9G,I!!?$!#*&+#C&(!*#+'/2,!A2,'$&,,!,&9-/+,!'$!-3&!@:![&-+/!=&C'/$!
&L7&+'&$9&!7+/7&+-.!;#<#C&,!+#$C&!0+/<!MIYg!-/!VIOMgI!!E3&!,&9-/+,!-3#-!&L7&+'&$9&!-3&!3'C3&,-!
7+/7&+-.!;#<#C&,!'$952;&!B'C3!E&93$/5/C.!N$;2,-+.(!a//;c"+2C,c43&<'9#5,!N$;2,-+.(!#$;!%3/5&,#5&!
E+#;&I!!!
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YO!
! !

N$!E#A5&!MW(!D&!0'+,-!<#77&;!-3&!7&+9&$-#C&!7+/7&+-.!;#<#C&,!0+/<!B:>)1!/9927#$9.!95#,,&,!-/!E6=[!
&9/$/<'9!,&9-/+,I!!F&L-(!-3&!D&'C3-&;!#*&+#C&!+&9/*&+.!7&+'/;!A.!,&9-/+!',!9#5925#-&;!'$!4/52<$!Y!2,'$C!
-3&!'$0/+<#-'/$!/$!A2'5;'$C!;#<#C&!,-#-&,!JF/$&(!15'C3-(![/;&+#-&(!6L-&$,'*&(!#$;!4/<75&-&K!#$;!-3&!
#,,/9'#-&;!+&9/*&+.!-'<&!J<&#,2+&;!'$!;#.,K!A/-3!/A-#'$&;!0+/<!B:>)1I!!N$!-3&!5#,-!9/52<$(!-3&!7&+9&$-!
;&,-+29-'/$!/0!9#7'-#5!'$72-!',!9#5925#-&;!/$!#$!#$$2#5!A#,',!A.!<25-'75.'$C!-3&!7&+9&$-!A2'5;'$C!#$;!
9/$-&$-!5/,,&,!A.!-3&!7&+9&$-!/0!-'<&!/*&+!/$&!.&#+!'-!-#G&,!-/!+&9/*&+!0/+!&#93!,&9-/+I!!!

<,=/'! ( Y)!F#&'52!6;11!*12#-,2'1!TV%#/C#3$!,3C!4;32'32!6;11'1!X3/AU!E;&!2@'!6D!M'2&;!:'$#;3!T6;1!
D3$'/'1]!X&,3$'!,3C!:#K'&1#C'!4;%32#'1U!

Occupancy 
Class Definition Building 

Loss (M $) 
Content 

Loss (M $) 
Total Exposure 

Value (M $) 
% Building & 
Content Loss 

AGR1 Agriculture 55,931 21,286 2,692,677 2.87% 
COM1 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% 
COM5 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% 
COM8 Entertainment & Rec. 958,030 342,208 28,844,919 4.51% 
COM9 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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YS!
! !

<,=/'! ( Z)!L'3'&,/!V%#/C#3$!F,-,$'!E;&!6D!M'2&;!:'$#;3!

;_$Z#
=%1)'(#a#

=H'()#.7/%2#
W#V>38<3.9#[#
6'.)%.)#\'22 #

0-%(79%#$%1'-%(Q#
;3/%#IA7Q2J#

W#67&3)78#U.&>)#
A%2)(>1)3'.#'.#7.#

0..>78#V7232#
1 Crops 2.87% 60 0.47% 
2 PoultryEggs 2.87% 60 0.47% 
3 Livestock 2.87% 60 0.47% 
4 OthLivestock 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% 
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0..>78#V7232#
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 MscElctEqp 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 RlrdCars 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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YU!
! !

;_$Z#
=%1)'(#a#

=H'()#.7/%2#
W#V>38<3.9#[#
6'.)%.)#\'22 #

0-%(79%#$%1'-%(Q#
;3/%#IA7Q2J#

W#67&3)78#U.&>)#
A%2)(>1)3'.#'.#7.#

0..>78#V7232#
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 EatDrinkPlce 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;&.#+,#(+#3#=,+&I=9*+%0&#-&%'(&.,=$A*%(E&F*6%'T$*D(&
.+(3*6,#&
Q"#"$=@@*)@+.)$J97+3.2$45$C4*.$A-2*&7.-4(2$
E/!,'<25#-&!-3&!<#9+/&9/$/<'9!'<7#9-,!/0!7/+-!;',+27-'/$,(!D&!0'+,-!-+#$,5#-&;!+&;29-'/$,!'$!7/+-!
02$9-'/$#5'-.!'$-/!;',+27-'/$,!/0!'<7/+-!#$;!&L7/+-!05/D,!-3+/2C3!-3&!-D'$!7/+-,I!!%&!02+-3&+!9#5925#-&;!
-3&!7&+9&$-#C&!+&;29-'/$,!'$!'<7/+-!2,&,!#$;!&L7/+-!7+/;29-'/$!A.!,&9-/+!'$!&#93!/0!-3&!E6=[!+&C'/$,I!!
N$!-3&!E6=[![/;&5(!-3&!'<7/+-!;',+27-'/$!D#,!'<75&<&$-&;!-3+/2C3!#!,3/9G!/0!-3&!'<7/+-!7+'9&!J0'<7,K!
*#+'#A5&!D3'5&!-3&!;',+27-'/$!/0!&L7/+-!D#,!'<75&<&$-&;!-3+/2C3!#!,3/9G!/0!-3&!&L7/+-!`2#$-'-.!J0`&L7K!
*#+'#A5&I!!!

E#A5&!M] !7+&,&$-,!-3&!C+/,,!;/<&,-'9!7+/;29-!JZ"HK!'<7#9-,!/0!-3&!7/+-!;',+27-'/$,!0/+!-3&!,&*&$!G&.!
;#.,!/*&+!-3&!+&9/*&+.!7#-3I!!E3&!5#,-!+/D!/0!E#A5&!M] !7+&,&$-,!-3&!-/-#5!Z"H!5/,,&,!/*&+!-3&!&$-'+&!
+&9/*&+.!7&+'/;!/0!MU_!;#.,I!!E3&!Z"H!'<7#9-,!#+&!'$-&+7/5#-&;!A&-D&&$!#$.!-D/!G&.!;#.,!A#,&;!/$!-3&!
#,,2<7-'/$!/0!5'$&#+!+&9/*&+.!J#,!'552,-+#-&;!'$!a'C2+&!MM!0/+!,2AR+&C'/$,!'$!4#5'0/+$'#KI!!a/+!-3&!@:![&-+/!
=&C'/$(!D&!&,-'<#-&!-3#-!-3&!7/+-!;',+27-'/$,!9#2,&;!A.!-3&!,'<25#-&;!&#+-3`2#G&!,9&$#+'/!D/25;!+&,25-!
'$!#!eMIUM!A'55'/$!5/,,!'$!Z"H(!/+!#!_IOMXg!+&;29-'/$I!!E3&!/-3&+!+&C'/$,!'$!4#5'0/+$'#!#,!D&55!#,!=&,-!/0!
)I1I!#5,/!&L7&+'&$9&!Z"H!5/,,&,(!A2-!'$!,<#55&+!<#C$'-2;&,!'$!7&+9&$-#C&!-&+<,!A&9#2,&!@:!=&C'/$!',!-3&!
;'+&9-!+&9'7'&$-!#$;!;'+&9-!2,&+!/0!$&#+5.!U_g!/0!-3&!'<7/+-!,3'7<&$-,!-3+/2C3!H/+-,!/0!@/,!:$C&5&,!#$;!
@/$C!P&#93!J0/+!'$72-,!'$-/!7+/;29-'/$!#$;!0'$#5!;&<#$;KI!!E3&!-/-#5!Z"H!5/,,&,!0/+!-3&!)I1I!#,!#!D3/5&!',!
#A/2-!eXIY!A'55'/$(!-3/2C3!-3',!',!/$5.!5&,,!-3#$!#!/$&R-&$-3!/0!/$&!7&+9&$-!;&95'$&!#-!-3',!5&*&5I!!!
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YV!
! !

<,=/'! ( S)!:',/!LFH!0-.,521!;E!H;&2!F#1&%.2#;31!!
T-#//#;3!GR(R!b!,3C!.'&5'32!&'C%52#;3!E&;-!.&'BC#1,12'&!/'K'/1U!

  \0#Z%)('# =]#Z%)('# $%2)#'D#60# $%2)#'D#P=# P=#;')78#

Day 1 
RSOI_ RMWIM RMSIO RMYMIW RO_SIX 

R_I__YVg R_I__YOg R_I__OWg R_I__MSg R_I__MVg 

Day 3 
ROOIO RMMI] RXIS RXYIU RMSWI] 

R_I__SOg R_I__OXg R_I__MXg R_I___Xg R_I__MMg 

Day 7 
RM]IS RXIW RWIW RWVIX RMMOIU 

R_I__OVg R_I__OYg R_I__MVg R_I___Wg R_I___Xg 

Day 14 
RMWIU RXIS RWIY RWYI_ RM_]IO 

R_I__OUg R_I__OSg R_I__MUg R_I___Wg R_I___Xg 

Day 30 
RMUI] R]IY RVIV RVVIV RXWIY 

R_I__OSg R_I__OMg R_I__MYg R_I___Vg R_I___]g  

Day 90 
R]IO RYIY RSIY RSUI] RUMIW 

R_I__MOg R_I__MMg R_I___Wg R_I___Sg R_I___Yg 

Day 150 
_I_ _I_ _I_ _I_ _I_ 
_g  _g  _g  _g  _g  

Total 
RM(U_]I] R]__IX RVSOIV RV(YYVIO RX(S]]IY 

R_IOM]Wg R_IMXWMg R_IMSMMg R_I_UX_g R_I_WUXg 
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!
@'G&!/-3&+!4Z6!</;&5,(!-3&!E6=[![/;&5!#2-/<#-'9#55.!-#G&,!'$-/!9/$,';&+#-'/$!-3+&&!-.7&,!/0!'$3&+&$-!
&9/$/<'9!+&,'5'&$9&!-3#-!D/+G!-3+/2C3!-3&!7+'9&!,.,-&<I!!E3&,&!'$952;&!'$72-!,2A,-'-2-'/$(!'<7/+-!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

YW!
! !

,2A,-'-2-'/$(!#$;!+&C'/$#5!7+/;29-'/$!,3'0-,!JNN=KI15!!a/ 55/D'$C!-3&!<&-3/;/5/C.!;&*&5/7&;!'$!%&'!&-!#5I!
JO_O_K(!D&!&,-'<#-&!-3&!5/,,!+&;29-'/$!7/-&$-'#5!/0!-3&!NN=!A.!9/<7#+'$C!-3&!,'<25#-'/$!+&,25-,!2,'$C!-3&!
'$72-R/2-72-!JNR?K!#$#5.,',!#$;!-3&!E6=[!,'<25#-'/$!+&,25-,!/0!-3&!7/+-!;',+27-'/$,I!!E3&!NR?!#$#5.,',!',!
A#,&;!/$!-3&!#,,2<7-'/$!/0!0'L&;!7+/;29-'/$!9/&00'9'&$-,!J/+!#!5'$&#+!+&5#-'/$,3'7!A&-D&&$!-3&!93#$C&,!
'$!7+/;29-'/$!'$72-,!#$;!93#$C&,!'$!-3&!/2-72-K(!#$;!-32,!9#$!A&!2,&;!#,!-3&!P#,&!4#,&!D'-3!$/!
+&,'5'&$9&!-#9-'9,!'$9/+7/+#-&;I!!E#A5&!MX!0'+,-!7+&,&$-,!-3&!Z"H!'<7#9-,!/0!-3&!P#,&!4#,&!J$/!+&,'5'&$9&K!
#$;!-3&!Z"H!'<7#9-,!/A-#'$&;!0+/<!-3&!E6=[!,'<25#-'/$,!-3#-!-#G&!'$-/!9/$,';&+#-'/$!-3&!-3+&&!<#\/+!
-.7&,!/0!'$3&+&$-!+&,'5'&$9&!-#9-'9,!JNN=KI!!E3&!5#,-!-D/!9/52<$,!'$!E#A5&!MX!7+&,&$-!-3&!5/,,!+&;29-'/$!
7/-&$-'#5!0/+!-3&!+&,'5'&$9&!-#9-'9,!'$!7&+9&$-#C&!-&+<,I!!:!9/<7#+',/$!/0!-3&!+&,25-,!0+/<!-3&!E6=[!
[/;&5!J,&9/$;!+/DK!#$;!-3&!NR?!#$#5.,',!J0'+,-!+/DK!'$;'9#-&,!-3#-!-3&!'$3&+&$-!&9/$/<'9!+&,'5'&$9&!
&,-'<#-&;!A.!-3&!E6=[!4Z6![/;&5!J'$72-!,2A,-'-2-'/$(! '<7/+-!,2A,-'-2-'/$(!#$;!7+/;29-'/$!#9-'*'-.!
+&5/9#-'/$K!+&;29&,!-3&!7/-&$-'#5!Z"H!5/,,&,!A.!]WIOg!0/+!-3&!@:![&-+/!=&C'/$I!!:-!-3&!$#-'/$#5!5&*&5(!
-3&!5/,,!+&;29-'/$!7/-&$-'#5,!#+&!]VIMgI!

%&!$&L-!+2$!#!,'<25#-'/$(!'$!D3'93!D&!-#G&!'$-/!9/$,';&+#-'/$!-3&!*#+'/2,!+&,'5'&$9&!-#9-'9,!7&+-#'$'$C!-/!
7/+-!;',+27-'/$,!,2<<#+'b&;!'$!E#A5&!OI!!E#A5&!O_!,2<<#+'b&,!-3&!#$#5.-'9#5!#77+/#93!D&!2,&!-/!
,'<25#-&!-3&!&00&9-,!/0!-3&,&!+&,'5'&$9&!-#9-'9,!'$!-3&!E6=[![/;&5I!!4/52<$!M!/0!-3&!-#A5&!5',-,!-3&!
*#+'/2,!+&,'5'&$9&!-#9-'9,I!![/+&!;&-#'5,!/0!-3&!</;&5'$C!#77+/#93!#+&!7+&,&$-&;!'$!-3&!$&L-!-D/!
9/52<$,I!!E3&!+&,25-,!#+&!7+&,&$-&;!'$!-3&!5#,-!+/D!/0!E#A5&!MXI!!E3&!9/<A'$&;!+&,'5'&$9&!9#$!+&;29&!
Z"H!5/,,&,!0+/<!eMMI]!A'55'/$!-/!e_IOY!A'55'/$!0/+!-3&!@:![&-+/!=&C'/$!#$;!0+/<!eVWIU!A'55'/$!-/!e_IVU!
A'55'/$!0/+!-3&!)I1I(!/+!#!+&;29-'/$!/0!Z"H!5/,,&,!A.!#A/2-!XWIXg!0/+!-3&!@:![&-+/!=&C'/$!#$;!/*&+!XXg!
0/+!-3&!)I1I!9/<7#+&;!-/!-3&!P#,&!4#,&I!F/-&!-3#-!-3&!&00&9-,!/0!-3&!*#+'/2,!+&,'5'&$9&!-#9-'9,!#+&!$/-!
#;;'-'*&!A&9#2,&!/0!/*&+5#7,!'$!-3&'+!#775'9#-'/$I!

!
<,=/'! ( \ )!!:',/!LFH!0-.,52!;E!H;&2!F#1&%.2#;31!e!V,1'!4,1'!,3C!:'1#/#'35'!4,1'1! !

T-#//#;3!GR(R!b!,3C!.'&5'32!&'C%52#;3!E&;-!.&'BC#1,12'&!/'K'/1U!

  

\0#Z%)('# =]#Z%)('#$%2)#'D#60#$%2)#'D#P=# P=#;')78#

\'22#
$%<>1)3'.#
C')%.)378##
ID'(#\0J#

\'22#
$%<>1)3'.#
C')%.)378#
ID'(#P=J#

V72%#672%#I.'#(%2383%.1%J#
-11,766.40 -5,057.80 -5,425.40 -45,252.80 -67,502.50 

    
-1.71% -1.24% -1.12% -0.41% -0.54% 

* ) ) ) ) ) ) )

N3)H#U.H%(%.)#$%2383%.1%#
IUU$J##

-1,508.82 -800.85 -632.62 -6,446.15 -9,388.44 87.18% 86.09% -0.22% -0.20% -0.13% -0.06% -0.08% 
* ) ) ) ) ) ) )

N3)H#6'/?3.%<#$%2383%.1%##
IUU$S#E)H%(#U.H%(%.)S#
0<7&)3-%#$%2383%.1%J#

-243.73 -54.80 -66.05 -283.97 -648.55 
97.93% 99.04% -0.04% -0.01% -0.01% 0.00% -0.01% 

!!               

!

!
!% 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. 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!
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! !

<,=/'! GR)!M;C'/#3$!<,52#51!E;&!*5;3;-#5!:'1#/#'35'!#3!2@'!<*:M!M;C'/!
 
 #

##
=3/>87)3'.#Z%)H'<#

##
A%21(3&)3'.#

 

0<b>2)/%.)#\%-%8#'(#$7.9%#D'(#
V72%#672%#$%2383%.1%#

Conservation 

Adaptive resilience is 
captured by adjusting 
import and export shocks 
in different regions 

Utilize less of disrupted imported 
goods in production processes. 

Adjust import and export shocks 
by 2% in all regions 

Inherent Input 
Substitution N/A 

Inherent input substitution is 
captured by the CGE model 
automatically. 

N/A 

Import 
Substitution N/A 

Inherent import substitution is 
captured by the CGE model 
automatically by the Armington 
elasticity of substitution. 

N/A 

Ship Rerouting Adjust import and export 
shocks in different regions 

Steering ships to other nearby 
ports.   

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

Effective 
Management 

Adjust import and export 
shocks 

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

Reduce Base Case import shocks 
by 10% across sectors 

Export Diversion 
for Import Use 

Adjust import and export 
shocks 

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

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)  

Inventory Use Adjust import shock 
Reducing the direct import 
disruption by the amount of 
inventory. 

Reduce import disruptions 
between 0% and100% across 
sectors (based on a comparison of 
BEA inventory data and Base Case 
import disruptions by sector)  

Production 
Recapture 

Application of “Recapture 
Factor Parameter” to 
output changes 

A side-calculation to adjust total 
output losses for production 
rescheduling. 

Recapture factors range from 
0.223 to 0.429 across sectors. 

 

Q"!"$=@@*)@+.)$J97+3.2$45$6*&3M$6*+(274*.+.-4($E42.$J(3*)+2)2$
E#A5&!MS!7+&,&$-,!-3&!7&+9&$-#C&!'$9+&#,&!'$!-+#$,7/+-#-'/$!9/,-!A/-3!D'-3'$!-3&!@:![&-+/!=&C'/$!#$;!
A&-D&&$!@:![&-+/!=&C'/$!#$;!=&,-!/0!4:!7&+'/;!A.!7&+'/;!/*&+!-3&!&$-'+&!+&9/*&+.!-'<&0+#<&I!!1'$9&!
-3&!,'<25#-'/$,!'$!-3&!E6=[![/;&5!#+&!9/$;29-&;!/$!#$!#$$2#5!A#,',(!D&!0'+,-!-+#$,5#-&;!-3&!
-+#$,7/+-#-'/$!9/,-!'$9+&#,&,!/*&+!-3&!M_YR;#.!7&+'/;!7+&,&$-&;!'$!E#A5&!MS!-/!#$!/*&+#55!7&+9&$-#C&!
-+#$,7/+-#-'/$!9/,-!'$9+&#,&!/$!#!.&#+5.!A#,',I!!E3',!',!9#5925#-&;!#,!#!_IUOWMg!'$9+&#,&!'$!-+29G!
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! !

-+#$,7/+-#-'/$!9/,-!D'-3'$!-3&!@:![&-+/!=&C'/$!#$;!#!_IOVSUVg!'$9+&#,&!A&-D&&$!-3&!@:![&-+/!=&C'/$!
#$;!=&,-!/0!4:!J/$!#$!#$$2#5!A#,',KI!!

N$!-3&!E6=[![/;&5(!-+#$,7/+-#-'/$!9/,-!',!-+&#-&;!#,!7#+-!/0!-3&!-+#;&!<#+C'$(!D3'93!',!#;;&;!-/!-3&!
7+'9&!/0!0'$#5!9/<</;'-'&,I!E3&!</;&5!&$#A5&,!2,!-/!'<75&<&$-!#!,3/9G!/0!-+#;&!<#+C'$!-3+/2C3!#$!
#;\2,-<&$-!/0!-3&!-&93$'9#5!&00'9'&$9.!7#+#<&-&+!/0!<#+C'$!2,#C&!J*#+'#A5&!m#-+#;<#+r9,J<(+(;KnK(!D3'93!
+&7+&,&$-,!-3&!$2<A&+!/0!2$'-,!/0!<#+C'$(!m(!+&`2'+&;!-/!0#9'5'-#-&!-+#$,#9-'/$,!/0!C//;,!C/'$C!0+/<!
+&C'/$!r!-/!+&C'/$!dI!!E3&!+&C'/$#5!&9/$/<'9!'<7#9-,!/0!-3&!'$9+&#,&;!-+#$,7/+-#-'/$!9/,-,!#+&!&,-'<#-&;!
-3+/2C3!-3&!0/55/D'$C!0'*&!,3/9G,!,'<25-#$&/2,5.T!<#+C'$!'$9+&#,&,!/0!-+29G,!0+/<!@:!-/!@:(!0+/<!@:!-/!
=&,-!/0!4:(!0+/<!=&,-!/0!4:!-/!@:(!0+/<!@:!-/!1a(!#$;!0+/<!1a!-/!@:I!

E#A5&!OM!7+&,&$-,!-3&!Z"H!'<7#9-,!/0!-+#$,7/+-#-'/$!9/,-!'$9+&#,&,!'$!A/-3!;/55#+!*#52&,!#$;!7&+9&$-#C&!
-&+<,!0/+!*#+'/2,!+&C'/$,I!!E3&!Z"H!5/,,&,!'$!-3&!@:![&-+/!=&C'/$!#+&!&,-'<#-&;!-/!A&!eMYIU!<'55'/$I!!
=&,-!/0!4#5'0/+$'#!D'55!/$5.!&L7&+'&$9&!*&+.!,5'C3-!Z"H!5/,,&,I!!=&,-!/0!)1!',!&,-'<#-&;!-/!3#*&!#!,<#55!
'$9+&#,&!'$!Z"H!/0!eSIV_!<'55'/$(!D3'93!9#$!A&!&L75#'$&;!A.!-3&!&00&9-!/0!+&C'/$#5!7+/;29-'/$!,3'0-,!
#2-/<#-'9#55.!9#7-2+&;!A.!-3&!E6=[![/;&5!-3#-!#+&!9#2,&;!A.!#!-+29G!-+#$,7/+-#-'/$!9/,-!'$9+&#,&!J#$;!
-32,!#$!'<75'9'-5.!7+/;29-'/$!9/,-!'$9+&#,&K!'$!-3&!@:![&-+/!=&C'/$!#$;!=&,-!/0!4:!'$!9/<7#+',/$!-/!=&,-!
/0!)1I !!E3&!+&,'5'&$9&!-#9-'9!/0!#!</+&!+#7';!/7&$'$C!/0!9+'-'9#5!3'C3D#.!9/++';/+,!;2+'$C!-3&!0'+,-!D&&G!
#0-&+!-3&!,&',<'9!&*&$-!',!&,-'<#-&;!-/!3#*&!#!5/,,!+&;29-'/$!7/-&$-'#5!/0!#A/2-!M_g!/*&+!-3&!&$-'+&!
+&9/*&+.!7&+'/;I!   
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\0#Z%)('# =]#Z%)('# $%2)#'D#60#$%2)#'D#P=# P=#;')78#

\'22#
$%<>1)3'.#
C')%.)378##
ID'(#\0J#

\'22#
$%<>1)3'.#
C')%.)378#
ID'(#P=J#

V72%#672%#I.'#(%2383%.1%J#
-14.54 0.09 -0.68 3.60 -11.53 

    
-0.00211% 0.00002% -0.00014% 0.00003% -0.00010% 

#        

$%2383%.1%#672%#
-13.15 0.08 -0.62 3.28 -10.41 

9.54% 9.66% 
-0.00191% 0.00002% -0.00013% 0.00003% -0.00009% 

!! ! ! ! ! ! ! ! 

 

Q">"$=@@*)@+.)$J97+3.2$45$I)()*+'$<&-'0-(@$8.43M$A+9+@)2$
E3&!,'<25#-&;!&#+-3`2#G&!#5,/!+&,25-,!'$!;&,-+29-'/$,!#$;!;#<#C&,!-/!C&$&+#5!A2'5;'$C!,-/9G!'$!-3&!@/,!
:$C&5&,!<&-+/7/5'-#$!+&C'/$(!D3'93!'$!-2+$!+&,25-!'$!'$-&++27-'/$,!-/!-3&!05/D!/0!C//;,!#$;!,&+*'9&,!
&<#$#-'$C!0+/<!-3&!7+/;29-'*&!9#7'-#5!,-/9GI!!E3&!-/-#5!&9/$/<'9!'<7#9-,!+&,25-'$C!0+/<!-3&!9#7'-#5!
,-/9G!;#<#C&,!#+&!,'<25#-&;!A.!,3/9G'$C!-3&!*#+'#A5&!mL9#7n!J73.,'9#5!9#7'-#5!,2775.K!A.!'$;2,-+.!A.!
+&C'/$!'$!-3&!E6=[![/;&5!2,'$C!-3&!B:>)1!+&,25-,!/$!7&+9&$-#C&!/0!A2'5;'$C!#$;!9/$-&$-!5/,,&,!
7+&,&$-&;!'$!-3&!5#,-!9/52<$!/0!E#A5&!MVI!

E#A5&!OO!0'+,-!7+&,&$-,!-3&!Z"H!'<7#9-,!/0!C&$&+#5!A2'5;'$C!,-/9G!;#<#C&,!0/+!-3&!P#,&!4#,&(!'$!D3'93!$/!
+&,'5'&$9&!',!9/$,';&+&;I!!E3&!-/-#5!Z"H!5/,,&,!#+&!&,-'<#-&;!-/!A&!$&#+5.!eO_!A'55'/$!'$!-3&!@:![&-+/!
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F/+-3&+$!4#5'0/+$'#K!',!&,-'<#-&;!-/!&L7&+'&$9&!*&+.!,5'C3-!Z"H!5/,,&,I!!E3&!=&,-!/0!-3&!)I1I!',!&,-'<#-&;!
-/!3#*&!#$!'$9+&#,&!'$!Z"H!/0!eOI]!A'55'/$(!D3'93!9#$!A&!&L75#'$&;!A.!-3&!&00&9-!/0!+&C'/$#5!7+/;29-'/$!
,3'0-,!/+!5/9#-'/$#5!,2A,-'-2-'/$!/0!&9/$/<'9!#9-'*'-'&,!#2-/<#-'9#55.!9#7-2+&;!A.!-3&!E6=[![/;&5!D3&$!
-3&!@:![&-+/!=&C'/$!',!,3/9G&;!A.!-3&!,'<25#-&;!;',#,-&+I!

E#A5&!OO!#5,/!7+&,&$-,!-3&!+&,25-,!/0!#!,'<25#-'/$!'$!D3'93!D&!-#G&!'$-/!9/$,';&+#-'/$!-D/!<#\/+!
+&,'5'&$9&!-#9-'9,!-/!C&$&+#5!A2'5;'$C!,-/9G!;#<#C&,I!!?$&!',!-3&!2,&!/0!2$;#<#C&;!,7#+&c&L9&,,!9#7#9'-.!
A.!-3&!7+/;29'$C!,&9-/+,!-/!<#'$-#'$!9&+-#'$!5&*&5!/0!7+/;29-'/$!#$;!-3&!/-3&+!',!7+/;29-'/$!+&9#7-2+&(!
D3'93!+&0&+,!-/!D/+G'$C!/*&+-'<&!/+!&L-+#!,3'0-,!#0-&+!-3&!7+/;29'$C!,&9-/+,!3#*&!+&7#'+&;!/+!+&75#9&;!
-3&!$&9&,,#+.!&`2'7<&$-!#$;!-3&'+!&<75/.&&,!#$;!9+'-'9#5!'$72-,!A&9/<&!#99&,,'A5&I16!!E3&!#$#5.,',!
+&,25-,!'$;'9#-&!-3#-!-3&!9/<A'$&;!&00&9-,!/0!-3&,&!-D/!+&,'5'&$9&!-#9-'9,!9#$!+&;29&!Z"H!5/,,&,!0+/<!
eMXIO!A'55'/$!-/!eMMI]!A'55'/$!0/+!-3&!@:![&-+/!=&C'/$!#$;!0+/<!eMVIU!A'55'/$!-/!eM_IM!A'55'/$!0/+!-3&!)I1I!
#,!#!D3/5&(!/+!#!+&;29-'/$!/0!Z"H!5/,,&,!A.!#A/2-!S]g!9/<7#+&;!-/!-3&!P#,&!4#,&I!

!

<,=/'! GG)!!:',/!LFH!0-.,52!;E!L'3'&,/!V%#/C#3$!F,-,$'1! e!V,1'!4,1'!,3C!:'1#/#'35'!4,1'1! !
T-#//#;3!GR(R!b!,3C!.'&5'32!&'C%52#;3!E&;-!.&'BC#1,12'&!/'K'/1U!

  

\0#Z%)('# =]#Z%)('#$%2)#'D#60# $%2)#'D#P=# P=#;')78#

\'22#
$%<>1)3'.#
C')%.)378##
ID'(#\0J#

\'22#
$%<>1)3'.#
C')%.)378#
ID'(#P=J#

V72%#672%#I.'#(%2383%.1%J#
-19,223.06 93.20 -98.73 2,757.50 -16,471.08 

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

#        

6'/?3.%<#$%2383%.1%#672%#
-11,843.32 58.24 -60.71 1,696.60 -10,149.19 

38.39% 38.38% 
-1.72% 0.01% -0.01% 0.02% -0.09% 

!! ! ! ! ! ! ! ! 

 

%3&$!D&!9/<7#+&!-3&!&9/$/<'9!'<7#9-,!/0!-3&!-3+&&!-.7&,!/0!;',+27-'/$,c;#<#C&,!D&!,'<25#-&;!0/+!
-3&!&#+-3`2#G&!,9&$#+'/!RR!7/+-!;',+27-'/$(!3'$-&+5#$;!-+#$,7/+-#-'/$!9/,-!'$9+&#,&(!#$;!C&$&+#5!A2'5;'$C!
;#<#C&,(!-3&!'<7#9-,!0+/<!C&$&+#5!A2'5;'$C!;#<#C&,!#99/2$-!0/+!/*&+!XOg!/0!-3&!-/-#5!'<7#9-,!'$!-3&!
@:![&-+/!=&C'/$!A&0/+&!+&,'5'&$9&!/-3&+!-3#$!NN=!',!-#G&$!'$-/!#99/2$-I!!E3&!3'$-&+5#$;!-+#$,7/+-#-'/$!
,.,-&<!;',+27-'/$!+&,25-,!'$!-3&!,<#55&,-!'<7#9-,!A&9#2,&!/0!-3&!3'C3!+&;2$;#$9.!/0!-3&!-+#$,7/+-#-'/$!
$&-D/+G!'$!-3&!+&C'/$I!!N-!',!&,-'<#-&;!-3#-!-3&!'$-+#R+&C'/$#5!7&+9&$-#C&!'$9+&#,&!'$!-+#$,7/+-#-'/$!9/,-!
9#$!A&!C+&#-5.!+&;29&;!0+/<!#A/2-!M_g!+'C3-!#0-&+!-3&!,-+'G&!/0!-3&!&#+-3`2#G&!-/!MISg!'$!/$&RD&&G!
-'<&I!!a/+!-3&!)I1I!#,!#!D3/5&(!'<7#9-,!0+/<!C&$&+#5!A2'5;'$C!;#<#C&,!#99/2$-!0/+!#A/2-!VSg!/0!-3&!
-/-#5!'<7#9-,!JD'-3/2-!+&,'5'&$9&!#;\2,-<&$-,K(!D3'5&!-3&!7/+-!;',+27-'/$,!#99/2$-!0/+!#$/-3&+!/$&!-3'+;!
/0!-3&!-/-#5!'<7#9-,I!!%3&$!D&!-#G&!-3&!&00&9-,!/0!-3&!*#+'/2,!+&,'5'&$9&!-#9-'9,!'$-/!9/$,';&+#-'/$(!

!
!& 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. 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

UM!
! !

'<7# 9-,!0+/<!C&$&+#5!A2'5;'$C!;#<#C&,!#99/2$-!0/+!$&#+5.!X]g!/0!-3&!-/-#5!'<7#9-,!'$!-3&!@:![&-+/!
=&C'/$!#$;!XYg!0/+!-3&!)I1I!!E3',!',!A&9#2,&!-3&+&!#+&!</+&!&00&9-'*&!+&,'5'&$9&!-#9-'9,!/$!A/-3!-3&!
,2775'&+R,';&!#$;!92,-/<&+ R,';&!-3&!A2,'$&,,&,!9#$!'<75&<&$-!-/!;&#5!D'-3!7/+-!;',+27-'/$,!#$;!,2775.!
93#'$!,3/+-#C&,!-3#$!D'-3!73.,'9#5!;#<#C&,!-/!A2'5;'$C,!#$;!0#9'5'-'&,(!#$;!-3&+&0/+&!-3&!'<7#9-,!0+/<!
7/+-!;',+27-'/$,!'$!-3&!9/<A'$&!+&,'5'&$9&!9#,&!#+&!C+&#-5.!<2-&;I!!!!!

Q"G"$E49,-()0$F34(49-3$J97+3.2$
:0-&+!D&!#$#5.b&!-3&!&9/$/<'9!'<7#9-,!0/+!&#93!/0!-3&!-3+&&!;',+27-'/$!-.7&,!J7/+-!;',+27-'/$(!
3'$-&+5#$;!-+#$,7/+-#-'/$!9/,-!'$9+&#,&(!#$;!C&$&+#5!A2'5;'$C!;#<#C&,K!'$;'*';2#55.(!D&!#5,/!+2$!#!
,'<25#-'/$!'$!D3'93!D&!9/<A'$&!#55!-3+&&!-.7&,!/0!;',+27-'/$,c;#<#C&,!-/C&-3&+I!!E3',!,'<25#-'/$!',!+2$!
0/+!A/-3!-3&!P#,&!4#,&!#$;!-3&!4/<A'$&;!=&,'5'&$9&!4#,&I!!E3&!Z"H!'<7#9-,!0/+!&#93!+&C'/$!#+&!
7+&,&$-&;!'$!E#A5&!OSI!!E3&!-/-#5!Z"H!5/,,&,!#+&!&,-'<#-&;!-/!A&!eO_IW!A'55'/$!J/+!#!Sg!+&;29-'/$K!'$!-3&!
@:![&-+/!=&C'/$(!#$;!eOUI]!A'55'/$!'$!-3&!)I1I!#,!#!D3/5&!J/+!#!_IOMg!+&;29-'/$KI!!E3&!*#+'/2,!+&,'5'&$9&!
-#9-'9,!9#$!3&57!+&;29&!-3&!-/-#5!'<7#9-,!-/!eMOIM!A'55'/$!'$!-3&!@:![&-+/!=&C'/$(!/+!#!5/,,!+&;29-'/$!/0!
YMISg(!#$;!+&;29&!-3&!-/-#5!'<7#9-,!0/+!-3&!)I1I!#,!#!D3/5&!-/!eMM!A'55'/$(!/+!#!5/,,!+&;29-'/$!/0!UWIVgI!!
E3&!+&#,/$!-3#-!-3&!-/-#5!'<7#9-,!/$!-3&!)I1I!#,!#!D3/5&!#+&!5&,,!-3#$!-3&!-/-#5!'<7#9-,!/$!-3&!@:![&-+/!
=&C'/$!'$!-3&!4/<A'$&;!=&,'5'&$9&!4#,&!',!A&9#2,&!-3&!=&,-!/0!)I1I!',!&L7&9-&;!-/!&L7&+'&$9&!#$!/*&+#55!
'$9+&#,&!'$!&9/$/<'9!#9-'*'-'&,!A&9#2,&!/0!-3&!+&C'/$#5!7+/;29-'/$!,3'0-,!#0-&+!-3&!&#+-3`2#G&!3'-,!-3&!
@/,!:$C&5&,!#+&#I!!

!

<,=/'! GN)!!:',/!LFH!0-.,52!;E!2@'!4;-=#3'C!F#1&%.2#;319F,-,$'1e!V,1'!4,1'!,3C!:'1#/#'35'!4,1'1! !
T-#//#;3!GR(R!b!,3C!.'&5'32!&'C%52#;3!E&;-!.&'BC#1,12'&!/'K'/1U!

  

\0#Z%)('# =]#Z%)('#$%2)#'D#60# $%2)#'D#P=# P=#;')78#

\'22#
$%<>1)3'.#
C')%.)378##
ID'(#\0J#

\'22#
$%<>1)3'.#
C')%.)378#
ID'(#P=J#

V72%#672%#I.'#(%2383%.1%J#
-20,707.99 -708.04 -731.81 -3,674.78 -25,822.62 

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

#        

6'/?3.%<#$%2383%.1%#672%#
-12,147.43 -10.02 -142.66 1,343.86 -10,956.25 

41.34% 57.57% 
-1.76% 0.00% -0.03% 0.01% -0.09% 

!! ! ! ! ! ! ! ! 

 

Q"N"$J(349)$A-2.*-,&.-4($J97+3.2$
P#,&;!/$!-3&!,'<25#-'/$!+&,25-,!/A-#'$&;!0+/<!-3&!E6=[![/;&5(!D&!7&+0/+<&;!'$9/<&!;',-+'A2-'/$!
#$#5.,&,!0/+!-3&!@:![&-+/!=&C'/$!J-3&!</,-!#00&9-&;!+&C'/$!A.!-3&!,'<25#-&;!&#+-3`2#G&!,9&$#+'/K!2,'$C!
-3&!0/55/D'$C!,-&7,T!

MI! ?A-#'$!A#,&5'$&!5#A/+!'$9/<&!A.!,&9-/+!0+/<!-3&!E6=[![/;&5I!
OI! 19#5&!27!-3&!A#,&5'$&!5#A/+!'$9/<&!-/!/A-#'$!-/-#5!7&+,/$#5!'$9/<&!A.!,&9-/+!2,'$C!-3&!5#A/+!

'$9/<&!-/!9#7'-#5!'$9/<&!+#-'/,!0+/<!-3&![25-'R1&9-/+!N$9/<&!"',-+'A2-'/$![#-+'L!J[1N"[K!
9#5925#-'/$,!J,&&!1&9-'/$!YISI!0/+!;&-#'5,KI!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

UO!
! !

SI! :775.!-3&!7&+9&$-#C&!&00&9-'*&!5#A/+!'$72-!93#$C&,!A.!,&9-/+!/A-#'$&;!0+/<!-3&!E6=[!
,'<25#-'/$,!-/!-3&!A#,&5'$&!7&+,/$#5!'$9/<&!9#5925#-&;!'$!1-&7!O!-/!/A-#'$!-3&!93#$C&,!'$!
7&+,/$#5!'$9/<&!A.!,&9-/+I!!!

YI! [25-'75.!-3&!93#$C&,!'$!7&+,/$#5!'$9/<&!'$!&#93!,&9-/+!A.!-3&![1N"[!-/!;&-&+<'$&!-3&!7+/0'5&!
/0!'$9/<&!93#$C&,!A.!A+#9G&-!#,,/9'#-&;!D'-3!;'00&+&$-!;',+27-'/$c;#<#C&!-.7&,!'$;'*';2#55.!
#$;!9/<A'$&;I!!E3&!+&,25-,!#+&!,2<<&;!#9+/,,!,&9-/+,!-/!/A-#'$!#$!/*&+#55!93#$C&!'$!'$9/<&!
;',-+'A2-'/$!/0!-3&!&9/$/<.!#,!#!+&,25-!/0!-3&!,3/9GI!!!

UI! 4#5925#-&!-3&!Z'$'!9/&00'9'&$-,!0/+!-3&!*#+'/2,!;',+27-'/$!,'<25#-'/$,I!!E3&!Z'$'!9/&00'9'&$-!',!#!
/$&R7#+#<&-&+!&,-'<#-&!/0!-3&!,G&D$&,,!/0!-3&!'$9/<&!;',-+'A2-'/$!A.!9/<7#+'$C!-3&!@/+&$b!
92+*&!D'-3!-3&!7&+0&9-!&`2#5'-.!5'$&I!!E3&!9/&00'9'&$-!+#$C&,!0+/<!_!-/!M(!D'-3!_!+&7+&,&$-'$C!
7&+0&9-!&`2#5'-.!#$;!M!+&7+&,&$-'$C!7&+0&9-!'$&`2#5'-.I!!!

!
E#A5&,!OY!-/! OW!7+&,&$-!-3&!'$9/<&!;',-+'A2-'/$!'<7#9-,!0/+!-3&!7/+-!;',+27-'/$!9#,&(!-+#$,7/+-#-'/$!9/,-!
'$9+&#,&!9#,&(!C&$&+#5!A2'5;'$C!;#<#C&!9#,&(!#$;!-3&!-3+&&!9#,&,!9/<A'$&;(!+&,7&9-'*&5.I!!E3&!-#A5&,!
0'+,-!7+&,&$-!-3&!;',-+'A2-'/$!/0!7&+,/$#5!'$9/<&!#9+/,,!'$9/<&!A+#9G&-,!'$!-3&!A#,&5'$&(!-3&$!0/55/D&;!
A.!-3&!'$9/<&!;',-+'A2-'/$!'<7#9-,!0/+!A/-3!7/,- R;',+27-'/$!,'<25#-'/$!9#,&,!JP#,&!4#,&!#$;!4/<A'$&;!
=&,'5'&$9&!4#,&KI!!a/+!7/+-!;',+27-'/$,(!-3&!7&+9&$-#C&!+&;29-'/$!'$!'$9/<&!#+&!+&5#-'*&5.!3'C3&+!0/+!-3&!
5/D&+R!-/! <';;5& R'$9/<&!C+/27,!'$!-3&!P#,&!4#,&(!A2-!#+&!+&5#-'*&5.!3'C3&+!0/+!-3&!<';;5&R!-/!3'C3R
'$9/<&!C+/27,!'$!-3&!4/<A'$&;!=&,'5'&$9&!4#,&I!!a/+!-3&!-+#$,7/+-#-'/$!9/,-!'$9+&#,&!,'<25#-'/$(!-3&!
7&+9&$-#C&!93#$C&,!#+&!+&5#-'*&5.!3'C3&+!0/+!,/<&!<';;5&R!#$;!277&+R'$9/<&!C+/27,(!<&#$'$C!-3#-!
-3&,&!C+/27,!A&#+!#!+&5#-'*&5.!C+&#-&+!7+/7/+-'/$!/0!-3&!'$9/<&!5/,,&,!;2&!-/!-3&!-+#$,7/+-#-'/$!9/,-,!
'$9+&#,&I!!a/+!-3&!A2'5;'$C!;#<#C&!,'<25#-'/$,(!-3&!<';;5&R!#$;!3'C3&+R'$9/<&!C+/27,!'$!C&$&+#5!
&L7&+'&$9&!+&5#-'*&5.!3'C3&+!'$9/<&!5/,,&,!'$!A/-3!-3&!P#,&!4#,&!#$;!=&,'5'&$9&!4#,&I!!E3',!9#$!A&!
&L75#'$&;!A.!-3&!0#9-!-3#-!#!3'C3&+!7+/7/+-'/$!/0!9#7'-#5R+&5#-&;!'$9/<&!',!&#+$&;!A.!3'C3&+R'$9/<&!
C+/27,I!!!!

E#A5&!O]!0'+,-!7+&,&$-,!-3&!Z'$'!9/&00'9'&$-,!0/+!-3&!'$9/<&!;',-+'A2-'/$!'$!-3&!A#,&5'$&!#$;!'$!-3&!*#+'/2,!
,'<25#-'/$!9#,&,I!!E3&!93#$C&,!'$!Z'$'!9/&00'9'&$-!+&5#-'*&!-/!-3&!A#,&5'$&!5&*&5!#+&!7+&,&$-&;!'$!-3&!
,&9/$;!-/!5#,-!9/52<$I!!a'$#55.(!D&!9/<72-&!-3&!Z'$'!9/&00'9'&$-!0/+!-3&!'$9/<&!5/,,!#5/$&!'$!-3&!5#,-!
9/52<$I!!!E3&!Z'$'!9/&00'9'&$-!',!3'C3&+!-3#$!'$!-3&!A#,&5'$&!0/+!-3&!7/+-!;',+27-'/$!P#,&!4#,&(!D3'93!
'$;'9#-&,!-3#-!-3&!;',+27-'/$!',!A/+$!,5'C3-5.!;',7+/7/+-'/$#-&5.!A.!5/D&+R!#$;!<';;5& R'$9/<&!C+/27,I!!
E3&!=&,'5'&$9&!4#,&!+&,25-,!'$!#!Z'$'!9/&00'9'&$-!-3#-!',!,5'C3-5.!5/D&+!-3#$!-3&!A#,&5'$&!5&*&5(!D3'93!',!
&L75#'$&;!A.!-3&!0#9-!-3#-!-3&!*#+'/2,!+&,'5'&$9&!-#9-'9,!#+&!</+&!&00&9-'*&!'$!+&;29'$C!-3&!'<7#9-,!'$!-3&!
,&9-/+,!-3#-!&<75/.!</+&!7&/75&!0+/<!-3&!5/D&+R'$9/<&!C+/27,I!!E3&!Z'$'!9/&00'9'&$-,!/0!-3&!/-3&+!
9#,&,!;&9+&#,&!9/<7#+&;!-/!-3&!A#,&5'$&!5&*&5(!D3'93!'$;'9#-&,!-3#-!-3&!'$9/<&!5/,,&,!,-&<<'$C!0+/<!
-+#$,7/+-#-'/$!9/,-!'$9/<&!#$;!C&$&+#5!A2'5;'$C!;#<#C&,!#+&!A/+$!;',7+/7/+-'/$#-&5.!A.!<';;5&R!#$;!
3'C3&+R'$9/<&!C+/27,I!!1'$9&!-3&!'<7#9-,!/0!C&$&+#5!A2'5;'$C!;#<#C&,!#99/2$-!0/+!/*&+!X_g!/0!-3&!-/-#5!
'<7#9-,!'$!-3&!@:![&-+/!=&C'/$(!-3&!9/<A'$&;!,'<25#-'/$!/0!#55!-3+&&!-.7&,!/0!;',+27-'/$,c;#<#C&,!#5,/!
.'&5;, !5/D&+!Z'$'!9/&00'9'&$-,!-3#$!'$!-3&!A#,&5'$&I!!!!!!!

 

 

 

 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

US!
! !

<,=/'!GP)!V,1'/#3'!035;-'!F#12&#=%2#;3!,3C!035;-'!4@,3$'1!#3!2@'!H;&2!F#1&%.2#;3!?#-%/,2#;3!
E;&!2@'!6D!M'2&;!:'$#;3!T-#//#;3!GR(RbU!

!

##
U.1'/%#
V(71O%)#

U.1'/%#A32)(3?>)3'.#
U.1'/%#6H7.9%2#(%87)3-%#

)'#V72%83.%#IZ#YJ#
U.1'/%#6H7.9%2#(%87)3-%#

)'#V72%83.%#IWJ#

V72%83.%#
C'()#

A32(>&)3'.#
V72%#672%#

C'()#
A32(>&)3'.#
$%2383%.1%#

672%#

C'()#
A32(>&)3'.#
V72%#672%#

C'()#
A32(>&)3'.#
$%2383%.1%#

672%#

C'()#
A32(>&)3'.#
V72%#672%#

C'()#
A32(>&)3'.#
$%2383%.1%#

672%#
<10k 3,474.1 3,470.5 3,472.2 -3.64 -1.87 -0.1048% -0.0539% 

10-15k 9,993.2 9,981.3 9,987.6 -11.96 -5.58 -0.1196% -0.0558% 
15-25k 20,527.7 20,461.1 20,511.8 -66.55 -15.90 -0.3242% -0.0775% 
25-35k 37,426.9 37,290.4 37,392.5 -136.49 -34.40 -0.3647% -0.0919% 
35-50k 56,675.1 56,495.4 56,620.7 -179.67 -54.38 -0.3170% -0.0960% 
50-75k 77,908.2 77,686.9 77,838.1 -221.32 -70.11 -0.2841% -0.0900% 

75-100k 74,636.7 74,459.5 74,573.8 -177.17 -62.89 -0.2374% -0.0843% 
100-150k 80,606.5 80,413.0 80,541.8 -193.49 -64.71 -0.2400% -0.0803% 

150k+ 164,409.6 164,042.7 164,261.3 -366.88 -148.22 -0.2231% -0.0902% 
Total 525,658.0 524,300.8 525,199.9 -1,357.16 -458.05 -0.2582% -0.0871% 

 

 

<,=/'!GW)!V,1'/#3'!035;-'!F#12&#=%2#;3!,3C!035;-'!4@,3$'1!#3!2@'!<&,31.;&2,2#;3!4;12!035&',1'!
?#-%/,2#;3!E;&!2@'!6D!M'2&;!:'$#;3!T-#//#;3!GR(RbU!

!

##
U.1'/%#
V(71O%)#

U.1'/%#A32)(3?>)3'.#
U.1'/%#6H7.9%2#(%87)3-%#)'#

V72%83.%#IZ#YJ#
U.1'/%#6H7.9%2#(%87)3-%#)'#

V72%83.%#IWJ#

V72%83.%#
;(7.2&'()7)3'.#
6'2)#U.1(%72%#

V72%#672%#

;(7.2&'()7)3'.#
6'2)#U.1(%72%#

$%2383%.1%#672%#

;(7.2&'()7)3'.#
6'2)#U.1(%72%#

V72%#672%#

;(7.2&'()7)3'.#
6'2)#U.1(%72%#

$%2383%.1%#672%#

;(7.2&'()7)3'.#
6'2)#U.1(%72%#

V72%#672%#

;(7.2&'()7)3'.#
6'2)#U.1(%72%#

$%2383%.1%#672%#

<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% 
15-25k 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 -1.13 -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% 

 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

UY!
! !

<,=/'!GY)!V,1'/#3'!035;-'!F#12&#=%2#;3!,3C!035;-'!4@,3$'1!#3!2@'!L'3'&,/!V%#/C#3$!F,-,$'1!
?#-%/,2#;3!E;&!2@'!6D!M'2&;!:'$#;3!T-#//#;3!GR(RbU!

##
U.1'/%#
V(71O%)#

U.1'/%#A32)(3?>)3'.#
U.1'/%#6H7.9%2#(%87)3-%#

)'#V72%83.%#IZ#YJ#
U.1'/%#6H7.9%2#(%87)3-%#

)'#V72%83.%#IWJ#

V72%83.%#

V>38<3.9#
A7/79%#
V72%#672%#

V>38<3.9#
A7/79%#
$%2383%.1%#
672%#

V>38<3.9#
A7/79%#
V72%#672%#

V>38<3.9#
A7/79%#
$%2383%.1%#
672%#

V>38<3.9#
A7/79%#
V72%#672%#

V>38<3.9#
A7/79%#
$%2383%.1%#
672%#

<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% 

 

<,=/'!GZ)!V,1'/#3'!035;-'! F#12&#=%2#;3!,3C!035;-'!4@,3$'1!#3!2@'!4;-=#3'C!F#1&%.2#;319F,-,$'1!
?#-%/,2#;31!E;&!2@'!6D!M'2&;!:'$#;3!T-#//#;3!GR(RbU!

##
U.1'/%#
V(71O%)#

U.1'/%#A32)(3?>)3'.#
U.1'/%#6H7.9%2#(%87)3-%#

)'#V72%83.%#IZ#YJ#
U.1'/%#6H7.9%2#(%87)3-%#

)'#V72%83.%#IWJ#

V72%83.%#

6'/?3.%<#
=3/>87)3'.#
V72%#672%#

6'/?3.%<#
=3/>87)3'.#
$%2383%.1%#
672%#

6'/?3.%<#
=3/>87)3'.#
V72%#672%#

6'/?3.%<#
=3/>87)3'.#
$%2383%.1%#
672%#

6'/?3.%<#
=3/>87)3'.#
V72%#672%#

6'/?3.%<#
=3/>87)3'.#
$%2383%.1%#
672%#

<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% 

 

 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

UU!
! !

<,=/'!GS)!!L#3#!4;'EE#5#'32!0-.,521!

 A32(>&)3'.#;Q&%# V72%83.%#
=1%.7(3'#,3.3#
6'%DD313%.)#

6H7.9%#3.#,3.3#
6'%DD313%.)#

,3.3#6'%DD313%.)#
'D#)H%#U.1'/%#

\'22 #

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',!,-2;.(!D&!9/$-+'A2-&!-/!-3&!&9/$/<'9!'<7#9-!#$#5.,',!/0!7/+-,!#$;!-3&'+!3'$-&+5#$;!-+#$,7/+-#-'/$!
'$0+#,-+29-2+&!;',+27-'/$,!'$!-D/!;'<&$,'/$,I!!a'+,-(!D&!;&*&5/7&;!#$!'$-&C+#-&;!</;&5!-3#-!5'$G,!#!
-+#$,7/+-#-'/$!$&-D/+G!</;&5!D'-3!#$!&9/$/<'9!'<7#9-!#$#5.,',!</;&5!'$!/+;&+!-/!9/$;29-!#!</+&!
3/5',-'9!#$;!#992+#-&!#$#5.,',!/0!-3&!'<7#9-,!/0!#$;!+&,'5'&$9&!-/!-3&!-+#$,7/+-#-'/$!,.,-&<!;',+27-'/$,I!!
1&9/$;(!-/!0'55!'$!#$!'<7/+-#$-!C#7!'$!-3&!7/+-!#$;!-+#$,7/+-#-'/$!$&-D/+G!;',+27-'/$!5'-&+#-2+&(!D&!
&L#<'$&!$/-!/$5.!-3&!'<7#9-,!/0!,293!;',+27-'/$,!#$;!-3&!&00&9-'*&$&,,!/0!+&,'5'&$9&!-#9-'9,!#-!-3&!
#CC+&C#-&!5&*&5(!A2-!#5,/!-3&!'$9/<&!;',-+'A2-'/$!'<7#9-,!#9+/,,!,/9'/&9/$/<'9!C+/27,I!!:,!#!9#,&!,-2;.(!
-3&!'$-&C+#-&;!</;&5!',!#775'&;!-/!#!,'<25#-&;!&#+-3`2#G&!,9&$#+'/!-3#-!#00&9-,!9/<</;'-.!-+#;&!05/D,!
#-!-3&!H/+-!/0!@/,!:$C&5&,!#$;!H/+-!/0!@/$C!P&#93!#$;!-3&'+!#,,/9'#-&;!'$5#$;!3'C3D#.!0+&'C3-!
-+#$,7/+-#-'/$!$&-D/+GI!!

E3&!+&,25-,!'$;'9#-&!-3#-!'-!-#G&,!MU_!;#.,!0/+!-3&!7/+-,!-/!0255.!+&9/*&+!0+/<!-3&!,'<25#-&;!,&',<'9!&*&$-I!!
E3&!-/-#5!Z"H!'<7#9-,!,-&<<'$C!0+/<!A/-3!'<7/+-!#$;!&L7/+-!;',+27-'/$,!#+&!&,-'<#-&;!-/!A&!eMMI]!
A'55'/$!'$!-3&!@:![&-+/!=&C'/$!#$;!eVWIU!A'55'/$!0/+!-3&!)I1I!A&0/+&!D&!9/$,';&+!#$.!+&,'5'&$9&I!!E3&,&!
'<7#9-,!#+&!+&;29&; !-/!eMIU!A'55'/$!'$!-3&!@:![&-+/!=&C'/$!#$;!eXIY!A'55'/$!0/+!-3&!)I1I!#0-&+!D&!-#G&!'$-/!
9/$,';&+#-'/$!-3+&&!<#\/+!-.7&,!/0!'$3&+&$-!&9/$/<'9!+&,'5'&$9&!J'$72-!,2A,-'-2-'/$(!'<7/+-!,2A,-'-2-'/$(!
#$;!+&C'/$#5!7+/;29-'/$!,3'0-,K!-3#-!#+&!#2-/<#-'9#55.!9#7-2+&;!A.!-3&!E6=[!4Z6![/;&5I!!:0-&+!D&!
9/$,';&+!-3&!/-3&+!-.7&,!/0!'$3&+&$-!+&,'5'&$9&!-#9-'9,!#$;!#;#7-'*&!+&,'5'&$9&!-#9-'9,(!-3&!-/-#5!'<7#9-,!
#+&!02+-3&+!+&;29&;!-/!e_IOY!A'55'/$!'$!-3&!@:![&-+/!=&C'/$!#$;!e_IVU!A'55'/$!'$!-3&!)I1I!!N$!#;;'-'/$(!-3&!
;#<#C&!-/!-3&!3'C3D#.!-+#$,7/+-#-'/$!,.,-&<!#5,/!9#2,&,!#!_IUSg!'$9+&#,&!'$!-+29G!-+#$,7/+-#-'/$!9/,-!
D'-3'$!-3&!@:![&-+/!=&C'/$!#$;!#!_IOVg!'$9+&#,&!A&-D&&$!@:![&-+/!=&C'/$!#$;!=&,-!/0!4:!J/$!#$!
#$$2#5!A#,',KI!!E3&!&,-'<#-&;!Z"H!5/,,&,!9#2,&;!A.!-3&!-+29G!-+#$,7/+-#-'/$!9/,-!'$9+&#,&,!#+&!/$5.!eMU!
<'55'/$!'$!-3&!@:![&-+/!=&C'/$!A&9#2,&!/0!-3&!3'C3!+&;2$;#$9.!/0!-3&!-+#$,7/+-#-'/$!$&-D/+GI!!E3&!
,'<25#-&;!,&',<'9!&*&$-,!#5,/!+&,25-!'$!;#<#C&,!-/!-3&!C&$&+#5!A2'5;'$C!,-/9GI!!E3&!-/-#5!Z"H!5/,,&,!#+&!
&,-'<#-&;!-/!A&!eMXIO!A'55'/$!'$!-3&!@:![&-+/!=&C'/$(!D3'93!',!+&;29&;!-/!eMMI]!A'55'/$!#0-&+!-3&!
#;\2,-<&$-!0/+!+&,'5'&$9&I!!E3&!Z"H!5/,,&,!0/+!-3&!)I1I!#+&!eMVIU!A'55'/$!D'-3!$/!+&,'5'&$9&(!#$;!eM_IM!
A'55'/$!#0-&+!-3&!+&,'5'&$9&!#;\2,-<&$-,I!!E3&!5/D&+!'<7#9-,!#-!-3&!$#-'/$#5!5&*&5!#+&!;2&!-/!-3&!/00,&--'$C!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

UV!
! !

&00&9-!,-&<<'$C!0+/<!+&C'/$#5!7+/;29-'/$!,3'0-,!0+/<!-3&!&#+-3`2#G&!'<7#9-&;!+&C'/$!-/!/-3&+!+&C'/$,!
'$!-3&!9/2$-+.I!!E3&!9/<A'$&;!,'<25#-'/$!/0!#55!-3+&&!-.7&,!/0!;',+27-'/$,c;#<#C&,!.'&5;,!Z"H!5/,,&,!/0!
eMOIM!A'55'/$!0/+!-3&!@:![&-+/!=&C'/$!#$;!eM_IX!A'55'/$!0/+!-3&!)I1I!#0-&+!D&!9/$,';&+!#55!-3&!+&5&*#$-!
+&,'5'&$9&!-#9-'9,I!!E3&!5/,,!+&;29-'/$!7/-&$-'#5!/0!+&,'5'&$9&!',!YMISg!#-!-3&!+&C'/$#5!5&*&5!/0!@:!#$;!UWIVg!
#-!-3&!$#-'/$#5!5&*&5I!!!

E3&!'$9/<&!;',-+'A2-'/$!#$#5.,&,!0/+!-3&!@:![&-+/!=&C'/$!'$;'9#-&!-3#-!-3&!'$9/<&!5/,,&,!,-&<<'$C!
0+/<!7/+-!;',+27-'/$,!#+&!A/+$!,5'C3-5.!;',7+/7/+-'/$#-&5.!A.!5/D&+R!#$;!<';;5& R'$9/<&!C+/27,I!!E3&!
=&,'5'&$9&!4#,&!0/+!7/+-!;',+27-'/$,!+&,25-,!'$!#!!Z'$'!9/&00'9'&$-!-3#-!',!,5'C3-5.!5/D&+!-3#$!-3&!A#,&5'$&!
5&*&5!J'$;'9#-'$C!#!</+&!&`2'-#A5&!;',-+'A2-'/$!/0!'$9/<&K(!D3'93!',!&L75#'$&;!A.!-3&!0#9-!-3#-!-3&!*#+'/2,!
+&,'5'&$9&!-#9-'9,!#+&!</+&!&00&9-'*&!-/!+&;29&!-3&!'<7#9-,!'$!-3&!,&9-/+,!-3#-!&<75/.!</+&!7&/75&!0+/<!
-3&!5/D&+R'$9/<&!C+/27,I!!E3&!Z'$'!9/&00'9'&$-,!/0!-3&!/-3&+!9#,&,!;&9+&#,&!9/<7#+&;!-/!-3&!A#,&5'$&!
5&*&5(!D3'93!'$;'9#-&,!-3#-!-3&!'$9/<&!5/,,&,!,-&<<'$C!0+/<!-+#$,7/+-#-'/$!9/,-!'$9/<&!#$;!C&$&+#5!
A2'5;'$C!;#<#C&,!#+&!A/+$!;',7+/7/+-'/$#-&5.!A.!<';;5&R!#$;!3'C3&+R'$9/<&!C+/27,I!!1'$9&!-3&!'<7#9-,!
/0!C&$&+#5!A2'5;'$C!;#<#C&,!#99/2$-!0/+!/*&+!X_g!/0!-3&!-/-#5!'<7#9-,!'$!-3&!@:![&-+/!=&C'/$(!-3&!
9/<A'$&;!,'<25#-'/$!/0!#55!-3+&&!-.7&,!/0!;',+27-'/$,c;#<#C&,!#5,/!.'&5;!5/D&+!Z'$'!9/&00'9'&$-,!J/+!#!
</+&!&`2'-#A5&!;',-+'A2-'/$!/0!'$9/<&K!-3#$!'$!-3&!A#,&5'$&I!!E3',!9#$!A&!&L75#'$&;!A.!-3&!0#9-!-3#-!#!
3'C3&+!7+/7/+-'/$!/0!9#7'-#5R+&5#-&;!'$9/<&!',!&#+$&;!A.!3'C3&+R'$9/<&!C+/27,I!!E3&+&0/+&(!-3&,&!
'$9/<&!C+/27,!#+&!&L7&9-&;!-/!&L7&+'&$9&!#!3'C3&+!7+/7/+-'/$!/0!'$9/<&!5/,,&,!0+/<!9#7'-#5!,-/9G!
;#< #C&,I!

E3&!#2-3/+,!#5,/!'$*&,-'C#-&;!#;#7-'*&!+&,'5'&$9&!-#9-'9,!+&5#-'$C!-/!-3&!-+#$,7/+-#-'/$!,.,-&<!J9/$,',-'$C!
/0!7/+-!#$;!+/#;!$&-D/+G!,2775.(!#$;!-+#*&5!;&<#$;K!#$;!-3&!9/++&,7/$;'$C!'<7+/*&<&$-,!'$!
02$9-'/$#5'-.!5/,,&,!;2&!-/!-3&!'$'-'#5!;',+27-'/$I! !N$!E#A5&!O(!,293!-#9-'9,!#+&!9#-&C/+'9#55.!<&$-'/$&;! #,!
effective road (port) infrastructure asset management!D3'93!'$952;&,!'<7+/*&<&$-,!'$!;&9','/$!<#G'$C!
-3#-!#55/9#-&,!+&,/2+9&,!0/+!&L7&;'-&;!+&7#'+!#$;!+&9/$,-+29-'/$I!!E/!;&</$,-+#-&!-3&!9#7#A'5'-'&,!/0!-3&!
9/275&;!</;&5!0/+!,293!-#9-'9,(!-3&!#2-3/+,!9/$;29-&; !,'<25#-'/$,!-+.'$C!-/!`2#$-'0.!-3&!A&$&0'-,!/0!
+#7';5.!/7&$'$C!9+'-'9#5!9/++';/+,!'$!-3&!3'$-&+5#$;!+/#;!$&-D/+G!-/!,&+*'9&I!17&9'0'9#55.!0/+!-3&!9#,&!,-2;.!
0/+!-3&!H/+-,!/0!@:!#$;!@P(!-3&,&!9+'-'9#5!9/++';/+,!9/25;!A&!0+&&D#.,!-3#-!5'$G!-3&!7/+-!9/<75&L!-/!-3&!
Y_U!a+&&D#.!#$;!A&./$;!JMM_!#$;!WM_KI!E3&!NY_U!9/++';/+!A&-D&&$!NM_!#$;!NMM_!D#,!';&$-'0'&;!#,!#!
9+'-'9#5!9/++';/+!-3#-!9/25;!A&!G&7-!/7&$!J1&&!1&9-'/$!VIMIOIK!;2&!-/!-3&!+&5#-'*&5.!5/D&+!5&*&5,!/0!
&,-'<#-&;!;#<#C&!'$!]!A+';C&,!#D#.!0+/<!-3&!&7'9&$-&+!/0!-3&!,9&$#+'/!&#+-3`2#G&I!E3',!#;#7-'*&!
+&,'5'&$9&!-#9-'9!D#,!,3/D$!-/!<'-'C#-&!#!,'C$'0'9#$-!#</2$-!J#A/2-!OUgK!/0!,.,-&<!02$9-'/$#5'-.!5/,,!'$!
"#.,!M!-/!W!#0-&+!-3&!,&',<'9!&*&$-!#,!'552,-+#-&;!A.!a'C2+&!M_(!9/++&,7/$;'$C!-/!OO_(___!3/2+,!/0!
'<7+/*&<&$-!'$!QBE!'$!-3&!,-2;.!+&C'/$I!!1293!9#5925#-'/$,!9#$!7+/*';&!'<7/+-#$-!'$,'C3-,!0/+!;&9','/$R
<#G&+,(!7#+-'925#+5.!0/+!#,,&-!<#$#C&<&$-!#$;!,-+#-&C'9!+&9/*&+.!#9-'/$,!#0-&+!$#-2+#5!3#b#+;,I!E3&!
+&,&#+93!0+#<&D/+G!7+&,&$-&;!'$!-3',!+&7/+-!9/25;!A&!;&75/.&;!0/+!,293!72+7/,&,(!#,!D&55!#,!/-3&+!
&*&$-,!9#2,'$C!95/,2+&,!'$!-3&!,.,-&<!J&ICI(!#9-,!/0!-&++/+',<(!-+#00'9!#99';&$-,(!&-9IKI!:!,'<'5#+!#$#5.,',!
9/25;!A&!;/$&!0/+!-3&!7/+-!'$0+#,-+29-2+&I!E3&!93#55&$C&!3&+&!',!-3&!C&$&+#5!5#9G!/0!;#-#!/$!-3&!
9#7#A'5'-'&,!/0!#,,&-!/D$&+,!#$;!<#$#C&+,!-/!&L7&;'-&!-3&!+&7#'+!#$;!+&9/$,-+29-'/$!&00/+-,I!!

%'-3!+&C#+;!-/!</;&5'$C!-3&!7/,-!;',#,-&+!-+#*&5!A&3#*'/+!-/!#;*#$9&!-3&!;&75/.<&$-!/0!-3&!9/275&;!
</;&5!A&./$;!-3&!0'L&;!J7/,-R;',#,-&+K!-+#*&5!;&<#$;!#,,2<7-'/$!<#;&!'$!-3',!,-2;.(!-3&!#2-3/+,!3#*&!
-D/!/7-'/$, !'$!-3&'+!02-2+&!D/+GI!!E3&!0'+,-!',!-/!<#G&!#,,2<7-'/$,!/$!A&3#*'/+#5!+&,7/$,&,!,293!#,!-3&!
,-#. R#-R3/<&!J-&5&9/<<2-'$CK!A&3#*'/+!;2&!-/!+&;29&;!$&-D/+G!02$9-'/$#5'-.I!!E3',!#5,/!+&5#-&,!-/!#!
<&$-'/$&;!+&,'5'&$9&!-#9-'9!'$!E#A5&!O!J&00&9-'*&!-+#*&5!;&<#$;!<#$#C&<&$-KI!!N$!-3',!9#,&(!-3&!#$#5.,',!
9#$!;&7&$;!/$!;&*',&;!,&$,'-'*'-.!,9&$#+'/,!,293!#,! “What if 20% of the home-based-work trips (a 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

UW!
! !

commuting trip type in the SCAG RTDM trip market strata) do not happen for a month after the EQ in 
high impact areas?”I!!1-&<<'$C!0+/<!-3#-!`2&,-'/$(!7/-&$-'#5!'<7+/*&<&$-,!'$!+&9/*&+.!/0!02$9-'/$#5'-.!
9/25;!A&!&L75/+&;!D'-3!+&,7&9-!-/!-3&!0'L&;!;&<#$;!,&--'$C,I!!E3&!,&9/$;!/7-'/$!',!-/!2,&!-3&!-+'7!
;',-+'A2-'/$!J;&,-'$#-'/$!93/'9&K!#$;!-3&!</;&!93/'9&!</;&5'$C!9/<7/$&$-,!'$!-3&!-+#*&5!;&<#$;!
</;&5I! ![/,-!;&,-'$#-'/$!93/'9&!#$;!</;&!93/'9&!</;&5,!#+&!A#,&;!/$!2-'5'-.!-3&/+.!D'-3!2-'5'-.!
02$9-'/$,!#99/<</;#-'$C!-&+<,!0/+!-+#*&5!;',-#$9&!#$;!-'<&!7#+#<&-&+,!J14:Z(!O_MXKI!!E3&+&0/+&(!-3&,&!
02$9-'/$,!9#$!A&!2,&;!-/!&,-'<#-&!-3&!93#$C&!'$!;&,-'$#-'/$,!#$;!</;&,I!!E3',!9#$!&$#A5&!'$,'C3-,!
+&5#-&;!-/!7/,-R;',#,-&+!-+#*&5!A&3#*'/+(!3/D&*&+(!'-!',!&,,&$-'#5!-/!$/-&!-3#-!-3&,&!+&,25-,!D'55!#5D#.,!A&!
7+/$&!-/!#!5#9G!/0!*#5';#-'/$!#C#'$,-!&<7'+'9#5!;#-#I!!83#;&<'!&-!#5I!JO_MUK!';&$-'0. !-3&!D/+G!/0!F#C#&!&-!
#5I!JO_MOK!D3/!-#G&!-+#00'9!9/$C&,-'/$!#$;!-+#*&5&+,s!+/2-&!93/'9&!A&3#*'/+!'$-/!#99/2$-!#$;!7&+0/+<,!#!
)6!&`2'5'A+'2<!#,,'C$<&$-!-/!7+&;'9-!7/,-!;',#,-&+!,'-2#-'/$I!!F#C#&!&-!#5I!JO_MOK!#;<'-!-3#-!D3&-3&+!/+!
$/-!,293!#!,-#-'9c&`2'5'A+'2<RA#,&;!#,,'C$<&$-!',!,2'-#A5&!0/+!+&7+&,&$-'$C!-3&!#9-2#5!-+#00'9!05/D,!/$!#!
<#502$9-'/$'$C!$&-D/+G!#0-&+!-3&!&#+-3`2#G&!',!2$G$/D$(!#$;!&<73#,'b&!-3&!'<7/+-#$9&!#$;!$&9&,,'-.!
/0!02+-3&+!#$#5.,&,!#$;!</;&5'$C!/0!7/,-R;',#,-&+!-+#00'9!05/D,I!!F&*&+-3&5&,,(!,.,-&<RA#,&;!#77+/#93&,!
7+&,&$-!-3&!A&,-!/77/+-2$'-.!0/+!2$;&+,-#$;'$C!-3&!7/,-R;',#,-&+!-+#*&5&+!A&3#*'/+!-3#-!9/25;!2$5/9G!
</+&!#;*#$9&;!2,&+R9&$-+'9!'$,'C3-,!,293!#,!;&<#$;!5/,,!;2&!-/!;',+27-'/$(!93#$C&,!'$!</;&!#$;!
;&,-'$#-'/$!93/'9&!A&3#*'/+,(!/+!&*&$!5/$C&+!-&+<!;&9','/$,!/$!&<75/.<&$-(!3/2,'$C(!&-9I!N$!
9/$,';&+#-'/$!/0!-3&,&!',,2&,(!7/,- R;',#,-&+!-+#*&5!;&<#$;!'$*&,-'C#-'/$,!D'55!A&!9#++'&;!/2-!'$!-3&!
#2-3/+,^!02-2+&!D/+GI!

%&!#5,/!$/-&!-3&!'<7/+-#$-!;'00&+&$9&!A&-D&&$!7/-&$-'#5!+&,'5'&$9&!#$;!#9-2#5!+&,'5'&$9&I!!E3&!&L',-&$9&!
/0!*#+'/2,!9/7'$C!<&#,2+&,!D&!</;&5&;!'$!-3',!,-2;.! ;/&,!$/-!<&#$!-3&.!D'55!A&!/7-'<#55.!2,&;!C'*&$!
-3&!5'G&5'3//;!/0!+&,-+'9-'*&!+&C25#-'/$,(!A/2$;&;!+#-'/$#5'-.(!#$;!<#+G&-!0#'52+&,I!!?2+!,-2;.!&,-'<#-&,!
-3&!5/,,!+&;29-'/$!&00&9-,!/0!/$5.!7/-&$-'#5!+&,'5'&$9&I!!B/D&*&+(!/2+!#$#5.,',!7+/*';& , !'$,'C3-,!-/!7/+-!
<#$#C&+,!#$;!/7&+#-/+,(!A2,'$&,,&,!-3#-!+&5.!/$!/7&+#-'/$,!/0!-3&!7/+-, !#$;!-3&!0+&'C3-!-+#$,7/+-#-'/$!
$&-D/+G(!#$;!7/5'9.!<#G&+,!-/!';&$-'0.!#$;!'<75&<&$-!-3&,&!7/D&+025!+&,'5'&$9&!-#9-'9,!#$;!&$3#$9&!
A2,'$&,,!9/$-'$C&$9.!#$;!9/$-'$2'-.!75#$$'$C!-/!9/7&!D'-3!,&#7/+-!#$;!-+#$,7/+-#-'/$!$&-D/+G!
;',+27-'/$, !#,!-#+C&-,!0/+!-3&'+!;&9','/$, I!

 
!

!

! &



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

U]!
! !

1(-(6(3+(0&&
:<&,(!PI!O_MVI!mH/+-!/0!@/,!:$C&5&,!#$;!Z6!E+#$,7/+-#-'/$!-&,-!<#+'-'<&!'$0/+<#-'/$!7/+-#5(n!DC 
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:,#G2+#(!hI!O__WI!m=&`2'+&<&$-,!0/+!-+#$,7/+-!$&-D/+G!05/D!</;&5,!2,&;!'$!+&5'#A'5'-.!#$#5.,',In!
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;/$&In!E+#$,7/+-!H/5'9.!XT!MMWpMOWI!

P/&--G&(!HI(!6I!43#<5&&R%+'C3-(!HI!Z/+;/$(!1I!NG&;#(!HI!@&,/$(!NN(!#$;!=I!1/A&5I!!O__WI!!kH/5'-'9#5(!69/$/<'9!
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P2+&#2!/0!@#A/+!1-#-',-'9,!JP@1KI!O_MX#I!?9927#-'/$#5!6<75/.<&$-!1-#-',-'9,I!!
3--7,TccDDDIA5,IC/*c/&,c-#A5&,I3-<!
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1.,-&<,I! Pomorstvo, Journal of Maritime Studies, 23JMKI!

E'+,93D&55(!HI!O_MXI!m:=?!O_O_T!P/--5&$&9G,!D'-3'$!7/+-,!3/5;!A#9G!;'C'-'b#-'/$In!f?4I9/<I!:*#'5#A5&!#-T!
3--7,TccDDDI\/9I9/<c7/+-R$&D,c#+/RO_O_RA+&#G'$CRg6Og]_g:];'C'-'b#-'/$ R
A/--5&$&9GrO_MXMOOSI3-<5!

E,293'.#(!1I(!BI!E#-#$/(!#$;!FI!?G#;#I!O__WI!m69/$/<'9!@/,,!#,,&,,<&$-!;2&!-/!=#'5+/#;!#$;!B'C3D#.!
"',+27-'/$,( n!69/$/<'9!1.,-&<,!=&,&#+93!MXJOKT!MYWpMVOI!

)I1I!6H:I!O_MWI!69/$/<.R%';&![/;&5'$C!/0!6$*'+/$<&$-#5!=&C25#-'/$,(!19'&$9&!:;*',/+.!P/#+;(!
%#,3'$C-/$(!"I4(!

%&'(!"I(!>I!43&$(!#$;!:I!=/,&I!O_O_I!m6*#52#-'$C!-3&!=/5&!/0!=&,'5'&$9&!'$!=&;29'$C!69/$/<'9!@/,,&,!0+/<!
"',#,-&+,T!:![25-' R+&C'/$#5!:$#5.,',!/0!#!1&#7/+-!"',+27-'/$In!%/+G'$C!H#7&+!J,2A<'--&;!-/!H#7&+,!'$!
=&C'/$#5!19'&$9&KI!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

VU!
! !

%&'(!"I(!>I!43&$(!#$;!:I!=/,&I!O_MVI!m"&*&5/7<&$-!#$;!:775'9#-'/$!/0!#$!69/$/<'9!a+#<&D/+G!-/!
6*#52#-&!=&,'5'&$9&!'$!=&9/*&+'$C!0+/<![#\/+!H/+-!"',+27-'/$,(n!a'$#5!=&7/+-!-/!-3&!4#5'0/+$'#!
"&7#+-<&$-!/0!E+#$,7/+-#-'/$I!

%&'(!aI(!6I!8/9(!@I!1/'A&5<#$(!#$;!FI!@'I!O_M]#I!m"',#,-&+!&9/$/<'9,!#$;!$&-D/+G&;!-+#$,7/+-#-'/$!
'$0+#,-+29-2+&,T!,-#-2,!`2/!#$;!#!<25-'R;',9'75'$#+.!0+#<&D/+G!-/!&,-'<#-&!&9/$/<'9!5/,,&,In!N$!NI!1<'-3!
#$;!PI!"/<&+!J&;,IK(!:;*#$9&;!4/<72-'$C!1-+#-&C'&,!0/+!6$C'$&&+'$CI!6ZRN46!17+'$C&+I!

%&'(!aI(!6I!8/9(!@I!1/'A&5<#$(!#$;!FI!@'I!O_M]AI!m"',-2+A#$9&,!-/!)+A#$![/A'5'-.!#$;!4/<7+&3&$,'*&!
6,-'<#-'/$!/0!69/$/<'9!@/,,&,In!H/5.-&93$'9#!MT!Y]RV_I!

%'--D&+(!ZI!O_MOI!69/$/<'9![/;&5'$C!/0!%#-&+T!E3&!:2,-+#5'#$!4Z6!6L7&+'&$9&I!!B&';&5A&+CT!17+'$C&+I!

i'&(!%I(!FI!@'(!fI!%2(!#$;!iI!B#/I!O_MYI!m[/;&5'$C!-3&!&9/$/<'9!9/,-,!/0!;',#,-&+,!#$;!+&9/*&+.T!#$#5.,',!
2,'$C!#!;.$#<'9!9/<72-#A5&!C&$&+#5!&`2'5'A+'2<!</;&5In!F#-2+#5!B#b#+;,!#$;!6#+-3!1.,-&<!19'&$9&,!MYT!
WUWRWOI!

>3#$C(!hI!#$;!fI!@#<I!O_MUI!m6,-'<#-'$C!-3&!69/$/<'9!@/,,&,!/0!H/+-!"',+27-'/$!;2&!-/!6L-+&<&!%'$;!
6*&$-,(n!?9&#$!q!4/#,-#5![#$#C&<&$-!MMVT!S__pSM_I!

!

! !



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

VV!
! !

<*%*&R*3*2(=(3%&)A*3&&
!
H&;C%521!;E!:'1',&5@!!
!
a/+!-3&!-+#$,7/+-#-'/$!</;&5(!14:Z^,!+&C'/$#5!-+#*&5!</;&5!D'-3!O_MV!;#-#!D#,!#;/7-&;!0+/<!-3&!
+&C'/$#5![H?I!E3&!</;&5!',!A#,&;!/$!&L-&$,'*&!,/9'/&9/$/<'9!#$;!-+#*&5!;#-#!#,!D&55!#,!#!3'C3!
+&,/52-'/$!$&-D/+G!;#-#,&-I!"&-#'5,!/$!-3&!14:Z![/;&5!#+&!#*#'5#A5&!'$!</;&5!;/92<&$-#-'/$!J14:Z!
O_MXKI!
!!
6#+-3`2#G&!,9&$#+'/!#$;!#,,/9'#-&;!;#-#!D&+&!C&$&+#-&;!'$!#!7#+#55&5!,-2;.! '$*/5*'$C!#!9/55#A/+#-'/$!
D'-3!-3&!E#9'+/C52!=&,&#+93!Z+/27!#-!)4@:!J8/9!&-!#5I(!O_O_KI!:!<#7!,3/D'$C!-3&!&7'9&$-&+!/0!-3&!
,9&$#+'/!&#+-3`2#G&!&*&$-(!-3&!9/<7/$&$-!/0!-3&!H#5/,!Q&+;&,!9/$$&9-&;!0#25-!,.,-&<(!#$;!-3&!A+';C&,!
-3#-!#+&!95/,&;!;2&!-/!;#<#C&!/$!"#.!M!#0-&+!-3&!,-+'G&!/0!-3&!&#+-3`2#G&!',!,3#+&;!J,&&!;&-#'5,!A&5/DKI!
!!
:$/-3&+!,&-!/0!<#7,!#+&!,3#+&;!0/+!-3&!-+#$,7/+-#-'/$!,'<25#-'/$!+&,25-,!0/+!"#.,!MRS_!D3&+&!+&C'/$#5!
</A'5'-.!',!&,-'<#-&;!-/!&L7&+'&$9&!#!<#\/+!;',+27-'/$I!E3&,&!'$952;&!*&3'95&!05/D!#$;!Q[E!<#7,(!
+&,7&9-'*&5.I!
!
E3&!;#-#!2,&;!'$!-3&!9/$,-+29-'/$!/0!-3&![1N"[!/0!4#5'0/+$'#!#+&!,2<<#+'b&;!'$!;&-#'5!'$!43#7-&+!YIS!'$!
-3&!+&7/+-I!!E3&!<#\/+!9/<7/$&$-,!/0!-3&![1N"[(!'$952;'$C!-3&!;',-+'A2-'/$!<#-+'9&,!/0!6<75/.&&!
4/<7&$,#-'/$(!H+/7+'&-/+,^!N$9/<&(!"'*';&$;!#$;!?-3&+!H+/7&+-.!N$9/<&(!#$;!H&+,/$#5!E+#$,0&+!
=&9&'7-,!#+&!7+&,&$-&;!'$!:77&$;'L!4I!!!!
!
F,2,!"; &-,2!,3C!4;32'32! !
!
E3&!-+#$,7/+-#-'/$!,.,-&<!#$;!;',#,-&+!,'<25#-'/$! ;#-#!#+&!,3#+&;!'$!-3&!0/+<#-!/0!:+9ZN1!/$5'$&!<#7,I!!
!
F,2,!D55'11!,3C!?@,&#3$!!
!
E3&!<#7,!C&$&+#-&;!#,!+&,25-,!/0!-3',!,-2;.!#+&!5',-&;!A&5/D(!'$952;'$C!5'$G,!/0!-3&!D&A,'-&,!D3&+&!-3&.!
#+&!3/,-&;!'$;'9#-&;! '$!-3&!0//-$/-&,T!!

MI! P+';C&!45/,2+&,!/$!"#.!M!#0-&+!-3&!19&$#+'/!6#+-3`2#G&T!45/,&;!A+';C&,!/$!" #.!M!A#,&;!/$!
3.A+';!J'<#C&R-/ R</;&5!{!B:>)1K!'$*&$-/+.I![#7!#5,/!,3/D,!&7'9&$-&+!/0!-3&!&*&$-!#$;!-3&!
H#5/,!Q&+;&,!0#25-!#,!D&55!#,!-3&!14:Z!=E"[!$&-D/+G!</;&5 I17!!

OI! "#.,!MRW!:[ !Q&3'95&!a5/DT!H&+9&$-!93#$C&!'$!*&3'95&!05/D!'$!"#.,!MRW!D'-3!+&,7&9-!-/!"#.!_!J7+&R
;',#,-&+!A#,&5'$&KI!=&,25-,!0/+!:[!H&#GI18!

SI! "#.,! WRS_!:[!Q&3'95&!a5/DT!H&+9&$-!93#$C&!'$!*&3'95&!05/D!'$!"#.,!WRS_!D'-3!+&,7&9-!-/!"#.!_!
J7+&R;',#,-&+!A#,&5'$&KI!=&,25-,!#+&!0/+!:[!H&#GI19!

YI! "#.,!MRW!:[! Q[E T!H&+9&$-!93#$C&!'$!Q[E !'$!"#.,!MRW!D'-3!+&,7&9-!-/!"#.!_!J7+&R;',#,-&+!
A#,&5'$&KI!=&,25-,!0/+!:[!H&#G!#$;!#+&!,2<<#+'b&;!#-!E:>!5&*&5R/0R;&-#'5I20!

!
!'  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 
!)  Days 7-30 AM Vehicle Flow: Access online at https://arcg.is/111qmm 
"*  Days 1-7 AM VMT: Access online at https://arcg.is/1Gz4Wm 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

VW!
! !

UI! "#.,! WRS_!:[!Q[ET!H&+9&$-!93#$C&!'$!Q[E!'$!"#.,!WRS_!D'-3!+&,7&9-!-/!"#.!_!J7+&R;',#,-&+!
A#,&5'$&KI!=&,25-,!0/+!:[!H&#G!#$;!#+&!,2<<#+'b&;!#-!-3&!E:>!5&*&5R/0R;&-#'5I21!

:'%1'!,3C!:'C#12&#=%2#;3!!
!
E3&!,3#+&;!<#7,!#+&!0/+!*'&D'$C!72+7/,&,!/$5.!;2&!-/!-3&!;#-#!,3#+'$C!#C+&&<&$-,!A&-D&&$!-3&!
#2-3/+,!#$;!-3&!7+/*';&+,I!=&#;&+,!<#.!9/$-#9-!-3&!7+/\&9-!-&#<!0/+!#99&,,!-/!-3&!;#-#!#$;!/-3&+!
9/55#A/+#-'/$!/77/+-2$'-'&,I!!

! !

!
"!  Days 7-30 AM VMT: Access online at https://arcg.is/1q8ref 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

V]!
! !

!99(3E,G&! ;&)#6%&?9%,=,W(6&*%&)?B!X)?BK&
H;&2!X.2#-#f'&!,2!HX6D9HX6V!

H/+-!?7-'<'b&+!',!#!95/2;RA#,&;!,/0-D#+&!,/52-'/$!;&*&5/7&;!A.!Z&$&+#5!65&9-+'9!JZ6K!E+#$,7/+-#-'/$(!#!
2$'-!/0!%#A-&9!4/+7(!'$!7#+-$&+,3'7!D'-3!-3&!H/+-!/0!@/,!:$C&5&,I!E3&!-//5!C&$&+#-&,!;#-#R;+'*&$!'$,'C3-,!
-/!<#L'<'b&!7/+-!-3+/2C372-!#$;!;&5'*&+.!7&+0/+<#$9&I!N-!'$-&C+#-&,!;#-#!0+/<!#9+/,,!-3&!7/+-!
&9/,.,-&< j '$952;'$C!'$A/2$;!9/$-#'$&+,!#$;!#,7&9-,!/0!7/+-!/7&+#-'/$,j '$-/!#!,'$C5&!7/+-#5!-3#-!
7#+-$&+,!#9+/,,!-3&!,2775.!93#'$!9#$!#99&,,!JZ6!E+#$,7/+-#-'/$(!O_M]#KI![/+&!A+/#;5.(!H/+-!?7-'<'b&+!',!
7#+-!/0!-3&!0/2+-3!D#*&!/0!7/+-!9/<<2$'-.! , .,-&<, (!#!95#,,!/0!,/0-D#+&!7+/;29-,!-3#-!9/$$&9-!7/+-!
#9-/+,!J[/+/, R"#b#(!:<#.# R['&+(!q!H#-&+$'$#R:+A/5&;#(!O_O_KI!

Z6!E+#$,7/+-#-'/$!0'+,-!5#2$93&;!-3&!-//5!'$!F/*&<A&+!O_MV!#,!#!-D/R</$-3!7'5/-!#-!-3&!H/+-!/0!@/,!
:$C&5&,!J:<&,(!O_MVKI!H/+-!&L&92-'*&,!;&&<&;!-3&!-&,-!#!,299&,,!#$;!,'C$&;!#!eMO!<'55'/$(!0'*&R.&#+!
9/$-+#9-!-3&!0/55/D'$C!.&#+!J:<&,(!O_M]KI!N$![#+93!O_M](!Z6!E+#$,7/+-#-'/$!#$$/2$9&;!'-!D/25;!&L7#$;!
H/+-!?7-'<'b&+!-/!#55!-&+<'$#5,!#$;!,3'77'$C!5'$&,!#-!-3&!H/+-!/0!@/,!:$C&5&,(!#$;!#5,/!5#2$93!#!7'5/-!#-!
@/$C!P&#93I!E3&!-+'#5!9/$952;&;!'$!?9-/A&+!O_M](!A2-!-3&!H/+-!/0!@/$C!P&#93!3#,!$/-!.&-!7&+<#$&$-5.!
#;/7-& ;!H/+-!?7-'<'b&+I!!

:,!/0![#+93!O_MX(!H/+-!?7-'<'b&+,!3#$;5&;!;#-#!0+/<!$'$&!/0!-3&!-/7!MM!,3'77'$C!5'$&,!/7&+#-'$C!
-3+/2C3!-3&!H/+-!/0!@/,!:$C&5&,!#$;!-3&!H/+-!/0!@/$C!P&#93!J"4!Q&5/9'-.(!O_MXKI!P.!"&9&<A&+!O_MX(!;#-#!
/$! XUg!/0!#55!'$A/2$;!9#+C/!D#,!,&&$!A.!H/+-!?7-'<'b&+!JE'+,93D&55(!O_MXKI!E3&!H/+-!7+/*';&,!0'$#$9'#5!
'$9&$-'*&,!0/+!,3'77'$C!5'$&,!-3#-!,3#+&!;#-#!-3+/2C3!-3&!H/+-!?7-'<'b&+(!#$;!-3#-!9#$!7+/*&!#A/*&R
#*&+#C&!9#+C/!C+/D-3!J[#,93G&(!O_MXKI!F&*&+-3&5&,,(!,/<&!-&+<'$#5!/7&+#-/+,(!A&$&0'9'#5!9#+C/!/D$&+,(!
&`2'7<&$-!7+/*';&+,(!#$;!/-3&+!,-#G&3/5;&+,!#+&!+&529-#$-!-/!,3#+&!9/<7#$.!;#-#!J[/$C&552bb/(!
O_MXAKI!!

`%,32#2,2#K'!,11'11-'32!;E!'EE#5#'35A!#-.&;K'-'321!

H/+-!?7-'<'b&+!7+/</-'/$#5!<#-&+'#5,!,2CC&,-!-3#-!H/+-!?7-'<'b&+!9#$!'$9+&#,&!7+/;29-'*'-.!A.!] RMOg!
m#,!-3&!,/52-'/$!,9#5&,n!JZ6!E+#$,7/+-#-'/$(!O_M]#KI!E3&!7'5/-!#-!-3&!H/+-!/0!@/$C!P&#93!+&7/+-&;5.!
+&,25-&;!'$!MY{!;#.,!0#,-&+!#99&,,!-/!'$0/+<#-'/$!/$!' $9/<'$C!9#+C/!JZ6!E+#$,7/+-#-'/$(!O_M]AKI!

Z&$&!1&+/G#(!&L&92-'*&!;'+&9-/+!/0!-3&!H/+-!/0!@/,!:$C&5&,(!-/5;! -3&!P/#+;!/0!B#+A/+!4/<<',,'/$&+,!-3#-!
-3&!H/+-!9/25;!+&7#.!'-,!'$*&,-<&$-!'$!-3&!-//5!'0!'-,!A2,'$&,,!C+&D!A.!Og!-3+/2C3!&00'9'&$9.!C#'$,!JH/+-!/0!
@/$C!P&#93(!O_M]KI!

E&+<'$#5!/7&+#-/+,!#$;!-+29G&+,!,&&!-3&!7/-&$-'#5!0/+!-3&!-//5!-/!'<7+/*&!*','A'5'-.!#$;!9#+C/!*&5/9'-.(!
A2-!/$&!-&+<'$#5!/7&+#-/+!3#,!,#';!-3&.!m3#*&$^-!,&&$!#$.!'<7+/*&<&$-n!J[/$C&552bb/(!O_MX#KI!:!Z6!
E+#$,7/+-#-'/$!;'+&9-/+!3#,!,#';!'-!',!-//!,//$!0/+!;#-#!/$!+&,25-,I!!!

H;&2!X.2#-#f'&!,3C!'-'&$'35A!'K'321!

H+/</-'/$#5!<#-&+'#5,!#$;!$&D,!9/*&+#C&!;/!$/-!&L75'9'-5.!;',92,,!H/+-!?7-'<'b&+!'$!-3&!9/$-&L-!/0!
&<&+C&$9.!&*&$-,!,293!#,!;',+27-'/$,!;2&!-/!$#-2+#5!;',#,-&+,I!E'\#$(!8/,(!#$;!?C+'b/*'|!JO__XK!;&-#'5!
3/D! 7/+-!&L&92-'*&,!9#$!&$,2+&!-3#-!7/+-!9/<<2$'-.! , .,-&<, !9/$-'$2&!-/!02$9-'/$!'$!9#,&!/0!#!;',#,-&+I!
E3&.!$/-&!-3#-!9//7&+#-'/$!A&-D&&$!-3/,&!/7&+#-'$C!-3&!,.,-&<!#$;!92,-/<&+,!/$!;',#,-&+!+&9/*&+.!
75#$!&L&92-'/$!#$;!<#'$-&$#$9&!9/,-!,3#+'$C!9#$!A&!</$&.R,#*'$CI!



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

VX!
! !

!99(3E,G&K;&8F1R&:YF&R#E(A&.(+%#6,32&.+'(=(&
D..'3C#+!<,=/'! V)!!<*:M!4L*!M;C'/!?'52;&#3$!?5@'-' !

:"!2%
#;<=>?%

#@>?=%ABC;D% (;D<?EF=E>A%
G?EHIEAI%=>%&2J3.'%
#;<=>?D%

1 Crops Crops 1-10 

2 PoultryEggs Poultry & Eggs 13 

3 Livestock Livestock 11-12 

4 OthLivestock Other Livestock 14 

5 ForestFrsHnt Forestry, Fishing, & Hunting 15-19 

6 OilGas Oil & Gas 20-21,37-38 

7 Coal Coal 22 

8 OtherMining Other Mining 23-36, 39, 40  

9 BiomassGen Biomass electricity generation 47 

10 CoalsGen Coal-fired electricity generation 42 and 48 

11 GasGen Gas-fired electricity generation 42 and 48 

12 HydroGen Hydroelectric generation 41 

13 NuclearGen Nuclear electricity generation 43 

14 RenewGen Renewable electricity generation 44 and 45 

15 ElecDist Electricity distribution 49 

16 NatGasDist Natural gas distribution 50 

17 WaterSewage Water and sewage services 51 

18 ResidConstrt Residential Construction 59-61 

19 OthConstruct Highway Construction 56 

20 HwyBrdgCons Other Non-Residential Construction 52-55, 57-58 

21 OthMaintain Highway Maintenance 64 

22 MRstreets Other Maintenance 62-63? 

23 FoodProc Food Processing 65-105 

24 BevTobManu Beverage & Tobacco Product Manufacturing 106-111 

25 Textiles Textile & Textile Product Manufacturing 112-123 

26 Apparels Apparel 124-130 

27 LeathFtwr Leather & Allied Products 131-133 

28 WoodProds Wood Product Manufacturing 134-145 

29 PulpPaperPbd Paper Mills 146-153 

30 Printing Printing & Related Support Activities 154, 155 

31 PetrolRefine Petroleum Refineries 156 

32 OthPetrolCl Other Petroleum & Coal Products 157-160 

33 Chemicals Chemicals 161-187 



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

W_!
! !

:"!2%
#;<=>?%

#@>?=%ABC;D% (;D<?EF=E>A%
G?EHIEAI%=>%&2J3.'%
#;<=>?D%

34 RubPlastic Rubber & Plastics 188-198 

35 NonMetMinPrd Non-Metallics 199-216 

36 PrimMetals Primary Metal Manufacturing 217-230 

37 FabriMetals Fabricated Metal Product Manufacturing 231-261 

38 AgriMachinry Agriculture Machinery 262-266 

39 IndustrMach Industrial Machinery 267-271 

40 CommrcMach Commercial Machinery 272-274 

41 AirConHeat Ventilation, Heating & Air-Conditioning 275-277 

42 MetalWkMach Metalworking Machinery 278-282 

43 TurbnEngine Engines & Turbines 283-286 

44 OtherMach Other General Purpose Machinery Manufacturing 287-300 

45 Computers Computers 301 

46 CmptrStorage Computer Storage Devices 302 

47 ComptrTrmEtc Computer Terminals & Other Peripheral Equipment 303 

48 CommunicEqp Communications Equipment 304-306 

49 MscElctEqp Miscellaneous Electronic Equipment 307, 308, 310-319  

50 Semicondctr Semiconductors & Related Devices 309 

51 ElecInstrmnt Electronic Instruments 320-324 

52 
HholdEqp Household Equipment, Appliances, and Component 

Manufacturing 
325-342 

53 MVPManu Motor Vehicle and Parts Manufacturing 343-356 

54 AerospaceMan Aerospace Product & Parts Manufacturing 357-361 

55 RlrdCars Railroad Rolling Stock Manufacturing 362 

56 ShipsBoats Ship & Boat Building 363-364 

57 OthTrnEqp Other Transportation Equipment Manufacturing 365-367 

58 Furniture Furniture & Related Product Manufacturing 368-378 

59 MiscManuf Miscellaneous Manufacturing 379-394 

60 WholesaleTr Wholesale Trade 395 

61 AirTrans Air Transport 408 

62 RailTrans Rail Transport 409 

63 WaterTrans Water Transport 410 

64 TruckTrans Truck Transport 411 

65 GrdPassTrans Transit and Ground Passenger Transport 412 

66 Pipeline Pipelines 413 

67 OthTransprt Other Transportation 414-415 

68 Warehousing Warehousing 416 
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69 RetailTr Retail Trade 396-407 

70 Publishing Publishing Industries 417-422 

71 MovieSound Motion Picture & Sound Recording Industry 423, 424 

72 BroadcastSrv Broadcasting 425, 426, 432 

73 Telecomm Telecommunications 427-429 

74 InfoSvce Information Services 431 

75 DataProcScv Data Processing Services 430 

76 FinancBank Finance & Banking 433-439 

77 RealEstate Real Estate 440 

78 RentLease Rental & Leasing Services 442-445 

79 AssetLessors Lessors of Nonfinancial Intangible Assets 446 

80 
PrfSciTchSrv Professional, Scientific, Technical, Administrative, & 

Support Services 
447-470 

81 WasteMgmt Waste Management Services 471 

82 Education Education Services 472-474 

83 HealthSocAs Health Care & Social Assistance 475-487 

84 ArtsRecreat Arts, Entertainment & Recreation 488-498 

85 Accommodatn Accommodations 499-500 

86 EatDrinkPlce Eating & Drinking Places 501-503 

87 OthService Other Services 504-517 

88 GovEnterprs Owner-Occupied Dwellings 441 

89 StaLocGov Government Enterprises 519-525, 526-530 

90 OwnOccDwell State & Local Government 531- 534  

91 FedGovt Federal Government 518, 535, 536 

92 Holiday Holiday -- 

93 FgnHol Foreign Holidays -- 

94 
ExpTour Tourism Exports (including Purchases by Foreigners in 

Embassies etc.) 
-- 

95 ExpEdu Education Exports -- 

96 WT_EXP Water Transport Exports -- 

97 AT_EXP Air Transport Exports -- 

!

!

!
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5=6)\,H%+#&%#')Y#'%+*+/.%.) >?) =?) ==) 284) >7>) 749) 4=3) 7=>) 8(87>) 7(?=2)

=36)F'"'%)D)O,<"0)\,H%+#&%#') =2) 875) 8?5) >8=) 5=9) 2(883) 2(533) 2(859) ?(5?9) 22(=55)

=26)X%1%+"0)\,H%+#&%#') 259) ?27) ?>?) 452) 2(5?9) 8(?85) >(98=) 8(449) 28(2>8) 87(5>3)

-(&%.* MLCOM* BBLBMI* BBLOCM* BMLIFM* MCLGOO* FMLKCH* KCLKMN* FILKBM* GOHLCGH* FHKLHGF*

! !



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

]M!
! !

D..'3C#+!<,=/'! 4P)!H'&1;3,/!<&,31E'&!:'5'#.21!F#12&#=%2#;3!M,2&#+!E;&!4,/#E;&3#,]!GR(S!
J<'55'/$,!/0!O_M]eK!

61"&(,* ABCD* BCEBFD* BFEGFD* GFEHFD* HFEFCD* FCEIFD* IFEBCCD* BCCEBFCD* BFCDJ* -(&%.*

326)J+,*.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

386)@,;0'+C)D)Y$$.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

3>6)O/H%.',<T) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

376)G'B%+)O/H%.',<T) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

3?6)X,+%.'+C()X/.B/#$()D)[;#'/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

346)G/0)D)\".) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

396)J,"0) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

356)G'B%+)!/#/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

3=6)N/,&"..)%0%<'+/</'C)$%#%+"'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

23U226)J,"0U-/+%1)"#1)\".U-/+%1)%0%<'+/</'C)
$%#%+"'/,#)

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

286)[C1+,%0%<'+/<)$%#%+"'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

2>6)I;<0%"+)%0%<'+/</'C)$%#%+"'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

276)E%#%S":0%)%0%<'+/</'C)$%#%+"'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

2?6)Y0%<'+/</'C)1/.'+/:;'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

246)I"';+"0)$".)1/.'+/:;'/,# ) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

296)V"'%+)"#1).%S"$%).%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

256)E%./1%#'/"0)J,#.'+;<'/,# ) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

2=6)[/$BS"C)J,#.'+;<'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

836)G'B%+)I,#UE%./1%#'/"0)J,#.'+;<'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

826)[/$BS"C)!"/#'%#"#<%) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

886)G'B%+)!"/#'%#"#<%) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

8>6)X,,1)@+,<%../#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

876)N%H%+"$%)D)A,:"<<,)@+,1;<')
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

8?6)A%K'/0%)D)A%K'/0%)@+,1;<')
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

846)R**"+%0) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

896)O%"'B%+)D)R00/%1)@+,1;<'.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

856)V,,1)@+,1;<')!"#;-"<';+/#$ ) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

8=6)@"*%+)!/00.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>36)@+/#'/#$)D)E%0"'%1)F;**,+')R<'/H/'/%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>26)@%'+,0%;&)E%-/#%+/%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>86)G'B%+)@%'+,0%;&)D)J,"0)@+,1;<'.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>>6)JB%&/<"0.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>76)E;::%+)D)@0".'/<.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>?6)I,#U!%'"00/<.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>46)@+/&"+C)!%'"0)!"#;-"<';+/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>96)X":+/<"'%1)!%'"0)@+,1;<') 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

>56)R$+/<;0';+%)!"<B/#%+C) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

]O!
! !

61"&(,* ABCD* BCEBFD* BFEGFD* GFEHFD* HFEFCD* FCEIFD* IFEBCCD* BCCEBFCD* BFCDJ* -(&%.*

>=6)L#1;.'+/"0)!"<B/#%+C) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

736)J,&&%+</"0)!"<B/#%+C) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

726)]%#'/0"'/,#()[%"'/#$)D)R/+U
J,#1/'/,#/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

786)!%'"0S,+T/#$)!"<B/#%+C) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

7>6)Y#$/#%.)D)A;+:/#%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

776)G'B%+)\%#%+"0)@;+*,.%)!"<B/#%+C)
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

7?6)J,&*;'%+.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

746)J,&*;'%+)F',+"$%)^%H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

796)J,&*;'%+)A%+&/#"0.)D)G'B%+)
@%+/*B%+"0)Y_;/*&%#')

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

756)J,&&;#/<"'/,#.)Y_;/*&%#' ) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

7=6)!/.<%00"#%,;.)Y0%<'+,#/<)Y_;/*&%#') 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?36)F%&/<,#1;<',+.)D)E%0"'%1)^%H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?26)Y0%<'+,#/<)L#.'+;&%#'.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?86)[,;.%B,01)Y_;/*&%#'()R**0/"#<%.()
"#1)J,&*,#%#')!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?>6)!,',+)]%B/<0%)"#1)@"+'.)
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?76)R%+,.*"<%)@+,1;<')D)@"+'.)
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

??6)E"/0+,"1)E,00/#$)F',<T)!"#;-"<';+/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?46)FB/*)D)N,"')N;/01/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?96)G'B%+)A+"#.*,+'"'/,#)Y_;/*&%#')
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?56)X;+#/';+%)D)E%0"'%1)@+,1;<')
!"#;-"<';+/#$ )

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

?=6)!/.<%00"#%,;.)!"#;-"<';+/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

436)VB,0%."0%)A+"1%) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

426)R/+)A+"#.*,+') 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

486)E"/0)A+"#.*,+') 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

4>6)V"'%+)A+"#.*,+') 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

476)A+;<T)A+"#.*,+') 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

4?6)A+"#./')"#1)\+,;#1)@"..%#$%+)
A+"#.*,+')

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

446)@/*%0/#%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

496)G'B%+)A+"#.*,+'"'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

456)V"+%B,;./#$) 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/#$)L#1;.'+/%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

926)!,'/,#)@/<';+%)D)F,;#1)E%<,+1/#$)
L#1;.'+C)

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

986)N+,"1<".'/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

9>6)A%0%<,&&;#/<"'/,#.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

976)L#-,+&"'/,#)F%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

9?6)^"'")@+,<%../#$)F%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)



1/9'/&9/$/<'9!"'<&$,'/$,!/0!=&,'5'&$9&!-/!1&#7/+-!#$;!B'C3D#.!E+#$,7/+-#-'/$!F&-D/+G!"',+27-'/$!!

]S!
! !

61"&(,* ABCD* BCEBFD* BFEGFD* GFEHFD* HFEFCD* FCEIFD* IFEBCCD* BCCEBFCD* BFCDJ* -(&%.*

946)X/#"#<%)D)N"#T/#$) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

996)E%"0)Y.'"'%) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

956)E%#'"0)D)O%"./#$)F%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

9=6)O%..,+.),-)I,#-/#"#</"0)L#'"#$/:0%)
R..%'.)

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

536)@+,-%../,#"0()F</%#'/-/<()A%<B#/<"0()
R1&/#/.'+"'/H%()D)F;**,+')F%+H/<%.)

363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

526)V".'%)!"#"$%&%#')F%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

586)Y1;<"'/,#)F%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

5>6)[%"0'B)J"+%)D)F,</"0)R../.'"#<%) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

576)R+'.()Y#'%+'"/#&%#')D)E%<+%"'/,#) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

5?6)R<<,&&,1"'/,#. ) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

546)Y"'/#$)D)^+/#T/#$)@0"<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

596)G'B%+)F%+H/<%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

556)GS#%+UG<<;*/%1)^S%00/#$.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

5=6)\,H%+#&%#')Y#'%+*+/.%.) 363) 363) 363) 363) 363) 363) 363) 363) 363) 3)

=36)F'"'%)D)O,<"0)\,H%+#&%#') =(2>564) 87(4846=) 27(57569) 22(7?76?) 2?(8=868) 28(=886?) 22(98=64) ?(>=868) 27(=3?6?) 283(>22)

=26)X%1%+"0)\,H%+#&%#') 2?(35=65) 73(5=365) 87(=7265) 2=(?236=) 84(9926?) 8>(79>6=) 88(9>>69) 22(>?56>) >4(2>564) 883(=3=)

-(&%.* GMLGGKPF* OFLFBIPI* HNLINCPF* HCLNOFPM* MGLCOHPI* HOLHNOPM* HMLMOHPH* BOLIFCPF* FBLCMMPB* HMBLGGC*

!

!

!


