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Abstract: Regional economic models have been challenged to incorporate with structural changes
in the economy. Especially, when a structural change is sudden, unpredistableéensive, such

as damages from a natudibkaster, onventional models can hardtyonfront such sigificant
changes due to theissumption ofncrementalkchanges. Sequential Interindusipdel (SIM) is

an extension of the input-outpistamework that enables toace the productioprocess and the

path of theimpacts. SIM isparticularly useful to simulate the dynamigrocess ofimpact
propagation and of structural changes after a catastrojgaster. In this papethe issues and
extensions of SIM are discussed with numerical examples.



1. Introduction

The damages and losses by unschedeNeats, such as earthquakes, floods, tornadoes,
and other major natural disasters, have significant and intense impacts on a region's economy. The
impacts fromthe damages magiso spread over time, and will brisgriouseconomic effects to
otherregions. Furthermordhe impacts ofinscheduled eventse notonly the negative effects
from damages andosses, butalso the positive economic effecttom the recovery and
reconstruction activities. Mostnalytical modelgnd techniques cannot confront these significant
changes, since they assume incremental, predictable changes in systems over time. In addition, the
unexpected nature of events creates a further complication of measuring the indirect impacts.

Input-output analysis has been employed in many studiegaloate economic impacts of
unscheduled events (for example, Wilson, 1982; Kawaskirah 1991; Roseet al., 1997; Rose
and Benavides, 1998, Marugaal, 1995 among others). Although it provides usefubrimiation
in terms of consequences in some specific aspexigffects from the decreased final demand by
damages and/or fromtine increase of reconstructiodlemand, many abhese studies haveil&a to
investigate the dynamism of impact path over space and time, due partly to the difficulties to obtain
such data. This is an iaetent problenfor impact analysis of unscheduled events; as West and
Lenz (1994) pointed out, the sophisticated regionainpact modelsrequiring precisenumerical
input have to be reconciled witmperfect measurements of the damagesl@sges. Interms of
spatial impactsQkuyamaet al, (1999)estimated the interregional impacts of the Gig¢anshin
Earthquake, which occurred in Kobe, Japan, 1995, using the two-region interregional input-output
system, and found the significant spill-over effects of the impacts to the rest of Japan.

The Sequential Interindustry Model (SIM), introduced by Romanoff anth€€1981), is
an extension of input-output framework tican trace th@roduction process anthe path of an
impact. The SIM framework turnthe staticframework of standard input-outptable into a
dynamic formulation, incorporating with producti@mronology. This framework o§IM is

particularly useful to simulate the dynamic process of impact propagation and structural change in a
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short run. Moreoverthe SIM provides an opportunity toonnect the macroeconomic nature of
input-output framework with the micro economic process of production process.

In order toaccount the effectsom sudderoccurrence ofuch anevent and to measure
indirect impacts of thésurprise”, SIM framework is employed in order take into account
production chronology. The issues and modifications of the SIM framework are discussed with an
extension to interregional formulation. time nextsection,the analyticamethodology of SIM is
presented.Section 3 presenthe use of SIM framework tdhe impactanalysis of unscheduled
events. InSection 4, the SIMramework is extended to an interregional formulatiorevaluate
the impacts of an event in one of tlegions. FinallySection 5 summarizes and concludes this

study, and presents some future research needs for handling unscheduled events.

2. Sequential Interindustry Models

Early interest in the dynamics of interindustry productrath the framework of input-
output analysis can be seen in Goodwin (1947) and Leontief (1951). These modedstarated
by Dorfman, Samuelson, Solow (1958)d Kuenne (1963) and furthedvanced by Morishima
(1964). While this line of analysis diverted its attention to the integration with linear programming,
or to Computable General Equilibrium (CGE) type modeling with more macroecoeamicases,
Romanoff (1984), and Romanoff and.evine (1981,1986, 1990,and 1993among others)
introduced the Sequentidhterindustry Model (SIM) in response tothe need to analyze
interindustry production in a dynamic economic environment. Assuming for simplicitimtieais
divided into discrete intervals of equdiliration,the SIM framework enhancethe static input-
output model to the dynamic one by supplementing the structure of prodwdtioa production
chronology.

In the SIMs, production is not simultaneous ashm static input-outputnodel, butrather
occurs sequentially over a period of time (Romanoff, 1984). In order to determine the dynamics of

interindustry production, twsimplified production modeare represented: anticipatory mode and
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responsive mode. Thanticipatory mode is typical in agricultu@nd many manufacturing
industries, in which the production is made in anticipation of future orders. Assint@ngediate
output att to be linked to totabutput att+1, wheret denotes aime interval (.e. month, or

guarter), the anticipatory model would be:

X, = AX,,, +f, (1)

Equation (1) can be transformed as follows:

.=y A, 2)
r=0

In this anticipatorymodel, total system output is expressed as a power series of fiihale
demand stimuli weighted byowers of theA matrix. Onthe otherhand, a responsive model,
which can be seen in construction and ordinammhistries, assumes thettermediate output

(supply) att to be linked with total output (supply)tat, and may be written as:

Xt = AXt—l +ft (3)

This can be transformed as follows:

x =y A, (4)
(=0

The total system output in the responsive model is indicated as a giowlar series of pasinal
demand stimuli.

The above formulations of th®IMs are based upon someritical assumptions: 1jinal
demand varies with time, bthe structure oproduction,A, remains invariant; 2) irorder to
assume the linearity of the system, inventories, which serve adjustment mechanism between
demand andupply, are adequate; and 3) in the anticipatorgde,the future finaldemands are
perfectly predictable. As Romanoff andvine (1981) indicated, assumptions 2) andh&hly
simplify the inventory (production) dynamics.

If the changes in the elementsAfmatrix can be identified over discreime periods {.e.

damages on production facilitiegeate asupply constraint), assumption dan be relaxed by the
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following manner. SupposA, is the production structure at intertalin the anticipatorynode,

equation (1) would be modified as:

X, = AXyy (5)
Then, equation (5) can be transformed as:
_edh, O
Xt - z At+k—1 E[ﬂur +fr (6)
r=1 =1
The total system output in this formulation is now indicated as a power series of future technology

and final demand stimuli. Similarly, in the responsive mode, equation (3) would be altered as:
Xt = AtXt—l +ft (7)
Consequently, this expression can be transformed as:

I r 0
Xt = zlaj!At—kﬂ E[ﬂt—r +fr (8)

r=
The totalsystem output is shown assimilar power series of pagechnology and final demand
stimuli. With this formulation, assumption 8an be relaxed inxepostimpactanalysis, such as

the one illustrated in this chapter.
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3. SIM and Unscheduled Events: Single Region Case

One of the useful advantages of SIM is to incorporate with production chronatdiging
anticipatory andesponsive modesThe SIM formulation idhased ornthe assumption ofperfect
information: thetrends offinal demand ar&nown. Such amssumptiorcanonly be valid under
gradual changes in final demand otiere; however,the occurrence alinscheduled evershould
not be predictablg,e. the productiorside shoulchave no information about the event until the
moment when such an event occurs. Therefore, the reaction to the changes in finalsthremiahd
begin only after the event. This is particularly important and is considerably differentimptiet

analysis of unscheduled events frime onefor a public capitalproject, in whichthe schedule of

the project can be anticipated.

In this section, a couple of attempts are carried out to finethen&8IM framework for the
impactanalysis of unscheduled eventsilizing a simple example employed Romanoff, 1984.
Consider asimple one-region three-sector input-output moahich hasthe transactiortable
shown in Figure 1 anthe matrices of direct input coefficients and Leonieferseare presented
in Figure 2. Moreover, the production chronology (production digraph) is shown in Figure 3.

this example, sector 1 and &e considered as anticipatory mode productiased on the

production digraph.

1 2 3w | oy | ox

1 0 4 2 . 6 8

2|l 0o 0o 6 6 12

3 0 0 0., O 16 | 16
T I R R BT B Y

v | 8 8 8 24| 0| 24

X; 8 12 16 , 36 24

Figure 1. Transaction Table (Romanoff, 1984)

In
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0 033 Q125 1.0 033 025
A= 0 0375 (1-A)*=20 10 Q375
M 0 0f 50 0 10f0

Figure 2. Direct Input Coefficient Matri} and its Leontief Inverse

0.125

Sector 1 Sector 2 Secto

0.33 0.375

Y1 Y> Ys
Figure 3. Production Digraph (Romanoff, 1984)

For simplicity, the final demand schedule is set as constant twer if no unscheduledevent

occurs. The unit of time can be either a month, a quarter, or a half-year. The hypothetical scenario
is set that a catastrophic disaster occurs in the beginning of the 5th period, and that final demand in
each sector decreases 20% from the previous level and will start to increase at 3% per period from
6th period as recovery and reconstruction activities progress. The final demand sche&tuoenis

in Table 1. If theassumption of perfect informatidmolds, implying that the production side
somehow knowsghe occurrence of theisaster in Period 5 anthe damages and recovery
schedulethe output can be calculateding this schedule based the SIMframework. This is

the usual way tocalculate the indirect impacts auch anevent for the period AFTER its
occurrence. However, it is most unlikely for the production side to know such clBEGERE

the event, especiallyfor anticipatory production modsectors. Orthe other hand, the output
derived based on this scheddlan be considered dke ideal produwmn level in each period,
knowing the occurrence of the event amtovery. Thigdeal prodution level in eachperiod is

shown in Table 2. However, this looks very strange: the production levels, especially of Sectors 1

and 2—anticipatory production mode—need to be decreased to the equildrelrBEFORE the
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event. This problem is usually neglecteihhce mostimpact analyses of unscheduled events
employ a static productioprocess and do nabncern the fact that the productiprocessstarted
BEFORE the event. Or, these impatiay be included in the total impacts AFTER éwent, on

the contrary to the production chronology.

Table 1. Final Demand Schedule with a Catastrophic Disaster at Period 5
period

1 2 3 4 5 6 7 8 9 10 11 12 13

Vi 2 2 2 2 1.60 1.65 1.70 1.75 1.80 1.85 1.91 1.97 2.03
Y, 6 6 6 6 4.80 4.94 5.09 5.25 5.40 556 5.73 590 6.08

Y3 16 16 16 16 12.80 13.18 13.85 13.99 14.41 14.84 15.28 15.74 16.21

total | 24 24 24 24 19.20 19.78 20.37 20.98 21.61 22.26 22.93 23.61 24.32

Table 2. Output Schedule based on Perfect Information (Ideal Production Level)

Period

1 2 3 4 5 6 7 8 9 10

X, 8 7.6 6.85 6.59 6.79 6.99 7.20 742 7.64 7.87
X, 12 12 10.8 9.74 10.04 10.34 10.65 1097 11.3 11.63

Xg 16 16 16 12.8 13.18 13.58 13.99 14.41 14.84 15.28

total 36 35.6 33.65 29.14 30.01 30.91 31.84 32.79 33.78 34.79
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3-1. Adjustment of Anticipatory Mode

The problem withthe perfect information case is that the production levels stdddme
as early as in theecond periodthreeperiods prior tahe occurrence of thevent. This should
never happen in theeal world—unrealistic. The production side would notdide to anticipate
such an event, thus would continue to produce their products asexpediing ncchangesuntil
the beginning of Period 5. In particular, Sector 1 anticipates the final demand streapetiueés
further inthe future, while Sector 2 anticipateésvo periods futtter; thus, theycannot adjust the
sudden changes iinal demand caused by disaster. Inotherwords, inPeriod 4, Sector 1
produced their goods partly for the anticipated demand in Period 7, whereas Sector 2 produced the
products forthe anticipated demand eriod 6, without knowing thahe final demandevel
considerably decreases due to theent. Due to theanticipatory productiorprocess,during
Periods 2 through 5the production levelexceeds the equilibrium productidavel (perfect
informationcase). Moreoverue to the uncertainty incorporatedth the futuretrendsafter the
event,the anticipatory modsectorswill change their anticipation practice shorter periodhan
before. It is assumed that, for production during Periodalb,the sectors can hardly
forecast/anticipate the future demand schedule; instead, they can use only the anticipated demand in
Period 6. Likewise, for the production during Periodh& anticipatorysectors (Sectors 1 and 2)
can only anticipate one period further, and use the expected demand in Periods 7 and 8. From the
production during Period 7 and afterwards, the anticipatidheofuture demand strearaturns to
the previous state.

Based on these modificatiorthe estimated outpuével over time isshown inTable 3.
Because of the nature of input-outfitmework, ineachperiod,the market clearbased on the
production digraphj.e. input-output relationshipx = Ax +f. Thus, the excess production
during Periods 2 through 5 causedtbg event will bevasted, owill disappear, undghe SIM
framework. Figure 4 displaytke trends oftotal output @er time for equilibrium levels (perfect
information) and actual production levels. The area between equilibriuacaral levels indicates

supply-demand mismatches, which may not be recognized ataiment(beforethe event). This
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area can be considered as the backward impact of the event. Additionally, in Periods Tothd 6,
output in this case is smaller than the ornih perfectinformation, due tdhe shorteranticipation
period during these periods.

Table 3. Output Schedule based on Anticipated Demand (Supply Side)

Period
1 2 3 4 5 6 7 8 9 10
X, 8 8 8 8 6.59 6.94 7.20 7.42 7.64 7.87

X, 12 12 12 12 9.89 10.34 10.65 1097 11.3 11.63

Xg 16 16 16 16 13.18 13.58 13.99 1441 1484 15.28

total 36 36 36 36 29.66 30.86 31.84 32.79 33.78 34.79

37.00

36.00 —==g \

35.00

34.00 h \ \ /
5 33.00 \ \ /
32.00 \\ \\ /

\ \/
\
30.00 \

sV
29.00 v
28.00
27.00 : : : : : : : : :
1 2 3 4 5 6 7 8 9 10

Period

‘— = perfect info. w/o inventory‘

Figure 4. Comparison of Output Schedules between Demand and Supply
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3-2. Inclusion of Inventory for Demand-Supply Mismatches

Romanoff and kvine (1986) furtherintroduced the “Modified5IM”, which extended the
“Core SIM” by including the concept of capacity limitatioasd inventory in time-phased
production framework. In thistudy,the concept of inventory is added to fremework of the
Core SIM in order to deal wittheissue of demand-supply mismatdbund inthe previous sub-
section. If excess supply existee products not consumed inparticular period can bstored
and be consumed in tiiellowing period withthe reduction of the productiaturing that period.
Since some commodities, like some of agricultymalducts and most afervices,may not be
stored for future consumption, for simplicityye example case set that theexcess supply only
from Sector 2 can be stored in the inventory for consumptidimeimextperiod. In addition, it is
assumed that when excess supply of Sector 2 existpartieularperiod, Sector 2 treats thievel
of final demand in the next period on Sector 2 as it decreases as much as the quantiyaefsthe
supply from the anticipated level. Likewise in 3-1, anticipation period is shorted for the production
during Periods 5 and 6 as descritsabve. Table 4showsthe output levels ovetime with
inventory capability in Sector 2. Becausetlté excess production in Period 4 atie inventory,
Sector2’s outputdecreases significantly in Period 5, lower titae outputlevel with perfect
information. The comparison of output schedulegpe@fectinformation, supply side without

inventory, and supply side with inventory are illustrated in Figure 5.

1 Because the SIM is based on the input-output framework, which does not include price change for the market
clearing mechanism, the presence of excess supply does not change the price in this analysis. This may be plausible
in this case, since this excess supply is actually not realized in the market at the moment, because the event is
unexpected and unscheduled.
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Table 4. Output Schedule based on Anticipated Demand with Inventory (Sector2)

Period
1 2 3 4 5 6 7 8 9 10
X, 8 8 8 8 6.59 6.94 7.20 7.42 7.64 7.87

X, 12 12 12 12 7.63 10.49 10.65 1097 11.3 11.63

X3 16 16 16 16 13.18 13.58 13.99 14.41 14.84 15.28

total 36 36 36 36 27.41 31.01 31.84 32.79 33.78 34.79

37.00

O\
34.00 \\‘ /
\

33.00

32.00 \
31.00 \ \\L”
30.00 \\ ’x["y//,
29.00 "’

28.00 \

27.00

Period

‘— = perfect info. W/O INVENTON Y e\ inventory‘

Figure 5. Comparison of Output Schedule among Demand (perfect info.), Supply (w/o inventory),
and Supply (w/ inventory)
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The results hereindicate important informationregarding theimpact analysis of
unscheduled events the following points: 1) a catastrophic disaster creates not torlyard
impacts after the event to significantly decrease output levels in the futur@sbubackward
impacts to thepast (beforaghe event), producingemporary demand-supply mismatchegobds
that may bewasted due tdahe production schedule; 2) inventory may dide to utilizeexcess
production created in thprevious period, buthe production levebecomes significantly lower
than the perfect information level and even than the suepdy without inventory. These indirect
impacts are usually neglected in the impatalysis of unscheduled events due¢hi static nature
and market clearing mechanism of models. Note that the total output with inventory during Period
6 becomes slightly larger than the level with perfect information. This is resultedhieofact that
the total output without inventory is lower than the level with perfect information, and this causes a
temporary excesdemand. This excesiemand may or may not be realized in theketa since

the perfect information level is not known in the market.

In the following section, this simple model is extended to a two-region interregional model,

because the fluctuations of production level will further create interregional ripple effects.

4. Interregional Impacts of Unscheduled Events: Two-Region Model

The previous studyOkuyamaet al, 1999) found thathe impacts of a catastrophic
disaster,the GreatHanshin Earthquake, spread overtie otherregions (the Rest of Japan)
through interregional trades, and the total impacts on the other region became lager than the impacts
in the regionwith the earthquaké€Kinki Region). Although this magnitude of disaster rarely

occurred, it is still important to trace the interregional impacts of such an event.
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In this sectionthe previous simple example is extended totwo-region interregional

mode? with the SIM framework. Consider the following simple two-region input-output model:

(X[ |:A11 120 [ Xq 4[] Eflt
%2(% 21 AZZE@ZHIE %ZtH (9)

wherex;, is the total outpu¢input) vector of region at timet, f;, is the final demand vector of

regioni at timet, andA; is the block matrix of direct input coefficient from regioto j. This is a
two-region version ofanticipatory model in equatiorfl). However, if weassumethat
interregional trade takes some time to transport the goods produced in one region and consumed in

another region and that the time for transportation between regions is one period, the relationship in

equation (9) will be modified as follows:

X0 Ay @MD go 12D@1t+2m .0 (10)
5(2’(E EO '0‘22E 2t+15 21 2t+2E %ZtE

Or, using the reduced formulation,

X, = AX,,, +AX ., (11)
B 0O - 00 A,O
where _E E and A= EA % Furthermore,the use of forward operator
A22 21

(analogous to “lag operator” in time series mod@l),equation (11) becomes as follows:
Xy = Axt+1 +A¢Xt+1 +ft :(A\ -b&d))( t+1 + t (12)

where®x,,, = X,.,,. Set(A +AV\<D) =A , then equation (12) becomes:

X, = AX,,, +f, (13)

t+l

Thus, this model can be transformed as below:

2 Strictly speaking, this is not a pure Isard-type fully specified interregional model, since the final demand vector
and total input and output vectors are aggregated regional ones, while the direct input coefficient matrix is specified
as full interregional. Hence, this model can be classified between a pure interregional model and a trade pool model.
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Xt - zKerr (14)
r=0

This is a simple extension of equati@®), and this formulation is similar tthe use of delay

matrix, ®(z), introduced to the modified SIM in Romanoff and Levine (1986).

Using this version ofSIM formulation, anumerical example is createahd has the
transaction table shown in Figure 6. Trhatrices of direct input coefficients and Leontief inverse

are presented in Figure 7.

Al A2 A3 1!B1 B2 B3l w | f | x
Al | O 3 2 0 2 1 8 10
A2 | 0 0 5 0 0 2 7 12
A3 | 0 0 0 0 0 0 o| 16| 16
B1| O 0 0 0 2 1 4 6
B2 | 0 0 1 0 0o 4 5 12
B3| 0 0 0 0 0 0 o| 16| 16

u | 0 4 8 0o 4 8 | 24| 48| 72
v | 10 8 8 6 8 8 | 48
x |10 12 161 6 12 16 72

Figure 6. Transaction Table of Two-Region Model

© 025 Q125 0 0167 0063 1 025 0214 0 0167 0135
%) 0 0313 0 O 0125 %) 1 0313 0 O 0125
LD 0 0O 0 0 OD(| A)_l_m O 1 0 0 00
'%) 0083 0 O 0167 oo% '%) 083 036 1 0167 01%
O 0063 0 O 025 M 0 063 0 1 025
B0 0O 0 0 05 9 0 0 0 o0 10

Figure 7. Direct Input Coefficient Matrix and Leontief Inverse Matrix of Two-Region Model

For simplicity and comparison witlhe single-regioomodel,the final demand schedule aadent

schedule are set to use the similar hypothetical scenario: final demand is constantthatieoant;
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the event occurs in Region A (first region)tta® beginning oPeriod 5; no damages in Region B
(second region); by the event, the final demand level in Period 5 decreases €% sector; the
final demand in eackector then is going to recoverthé rate of 3%per period from Period 6.
This final demand schedule shown inTable 5. As indicatedibove and in equatio(il0),
interregional trade betwedwo regionsrequire one periodior transportation. In addition, the
similar uncertainty restriction on anticipation of future fidamands aftethe event, employed in
the single-region model, also applies to this two-reg@se: the production levdlring Period 5
is based only on the anticipated final demand in Period 6; the productreriod 6 only uses the
anticipated final demand iReriods 7 and 8; antthe praluction level during Period 7 will be
decided based on the anticipated final demand in Periods 8, 9, and 10. Moreover, Setlaose
inventory to stock their goods, when supply-demand mismatch occurs. th@ussults from the

hypothetical scenario and settings are comparable to the ones from the single-region case.

Table 5. Final Demand Schedule for Two-Region Model with a Disaster in Region A
1 2 3 4 5 6 7 8 9 10 11 12 13 14

2 2 2 2 1.6 1.65 1.7 1.75 1.8 1.85 1.91 1.97 2.03 2.09
f 5 5 5 5 4 4.12 4.24 4.37 4.5 4.64 4.78 4.92 5.07 5.22

fA3 16 16 16 16 128 13.18 1358 1399 1441 1484 1528 1574 16.21 16.7

fag3| 6 16 16 16 16 16 16 16 16 16 16 16 16 16

total 48 48 48 48 434 4395 4452 4511 4571 46.33 46.97 47.68 48.31 49.01

The resulted totabutput trends in Region A ishown in Figure 8. The trends tuital
output level appear to be very similar to thees ofthe single-region casduuild-up of excess
production before thevent, and sharplecline in total output irPeriod 5 due tahe excess
production and use of inventory; possible excess demand in Period 5; and resulted increased output
in Period 6. Since Region A is withe event andlepends less on interregionaiport from

Region B, this similarity is expected.
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Figure 8. Comparison of Output Schedules in Region A

On the other hand, theends oftotal ouput schedule of Region B is noticeably different
from of Region A. The comparison of output schedules in Region B is illustratéigiure 9.
Although the volume of impacts in Region B is relatively smaller than in Region Aptvard
impact is larger in earligperiods, especially inPeriod 2, than right beforthe event. This is
resulted from the fact that the production level of exports from Region B to Region A is determined
based onthe final demand stream of the further futungth the anticipation period and
transportatiortime; thus, the production levelith perfect information in Region B isesponded
earlier to the everdnd recovery. lmtherwords, the eventrings adifferent stream oforward
impacts in Region B from in Region AThe fluctuations of outpuevel after the everdue to the
supply-demand mmatch and inventory adjustmeguersist longer (up to Period 7) in Region B
than in Region A. This is caused partlythg uncertaintyshortenedanticipation period) after the

event and partly by the delayed adjustment due to transportation time to Region A.
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Figure 9. Comparison of Output Schedules in Region B

The above analysisan be summarized into tHellowing points: 1)the impacts of a
catastrophic disaster in a region will be spread through interregradal to other regions; 2) the
impacts in other regions take a different trend ftbeimpacts in the regionith disasterdue to
requirement of transportation time; and 3) the fluctuation of outpats becomes longer in other
regions,due to the uncertainty after tiéesaster and transportatiperiod. Againthe “surprise”
by thedisaster creates unexpected changekdrstream of final demand aihdings the forward

impacts before the event in the region and other regions.
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5. Conclusions

Comparing with the static input-outpotodeling,the intertemporaprocesses oéconomic
impacts from an unscheduled event wexamined inthis study. The Sequentidhterindustry
Model can effectively introduce the dynanpimcess of production chronology time static input-
output framework. Thisnodeling scheme is especially valuable to analyze the impacts of an
unscheduled event and its recovery and reconstruptiocesses over time, such as thiigdy.
Some refinements of mode selection among \anticipatesponsive,and just-in-time (neither
anticipatory nor responsive) sectors and the period of anticipation/response nmgicebsary for
more detailedstudies of interindustry relationship, tie Modified SIM. Romanoff andLevine
(1986, and 1990) furthexxtended theiSIMs to includethe mechanisms of capaciliynitations,
inventory, and transportation delayApplication of their extendednodels mayprovide more
detailed analysis of effects from such an event.

Furthermorethe analysis usingsimple one-region and two-region models in Sections 3
and 4 revealed that thinpact analysis of unscheduled events shotreht the production
information (stream of future final demand) more carefully and differently fronmtpactanalysis
of a typical capitaproject, because dhe nature ofsuch events—eventse never scheduled in
prior to its occurrenceDue to theunexpected nature of events and followsuglden and intense
demand injection in a short period of time, the mismatch between demasdppigmay become
unavoidable. In this context, further investigation amodification of the SIMframework is
necessary to incorporate with thissue by inventory andapacity adjustment, especially
incorporating with intense demandjection for recovery and reconstructioactivities after an
event, with supplyconstraint resulted frorthe direct damages on production facilities, and with

changes in interregional trade relationship.
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