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ab9trac! : This paper aims to describe the structural changes in intenegional trade flows by
using-the Transaction Structural Modeling (TSM) and the percentage -deviation index. ThL
model was applied to the technical coefficients of the intene-gional input-output tables. For a
general view, a graplic diagram was used for presenting tlie overali chang-es of transaction
structure by using TSM. Moreover, the frequency diitributions of the deviations were
proposed to-present the variations of proportionally-uansacted inputs and outputs by each
industry in the economy. Thc modcl was tested with the transaction from the north-6astern
region to the central region ofJapan.

I. INTRODUCTION

Freight transport-is i-nhgrgntly related to trade flow. Both can be converted to each other by
unit prices. -In the freigh1 transportation planning field, it is necessary to understand thl
structure of interregional freight flows for the projected ycar. This structure can be observed.
tgp E intenegional hade flows which can be ripresented by the interregional input-output
table. The technical coefficients are the principal advantage irf the schematic uniformity'of
this table. These areusually employed todescribe the srudtural changes of the economyl

A number of previous researches used the technical coefficients of the base year table for
estimating.the__table fol the tar-get year. Many studies were completed with a square input-
outPut.table- (Irontief mgdel). The problems in estimating the input-output-table were
qenerally solved_by_two different methods, functional form ind optimizing i function. The
first techniqu",.ti.{q, was.initially.applied by Stone and Brown (1962) to-the input-output
table. This method is a biproportional funciion, R and S are'the diagonal niatrices'of
multiplien in row and column for adjusting the technical coefficient mauix, A, of the base
year.table. Ea_ch entry of the estimated tablE was oonverged with all marginal constraints.
Paelinck and Waelbroeck (1963) tested this method. It was found that thl estimated table
was a considerable im-provement over the naive method of simply using the base year
coefficients without adjustment. The deficiency of this tcchniquawas thiassumption of
uniform substitution and fabrication. It was assumed that iach element of tlie input
ggnTnodily I was uniformly substituted or replaced by another, and each element of itre
fabricatedcommodity J was uniformly ilcreased or decieased. Additionally, each erroneous
element of the estimated table was distributed throughout the rest of the fable. Many RAS
modifications were developcd and tested. Paelinck and Waelbroeck also modified *rt naS
technique by removing entries which can be seen in advance to be troublesome. McMenamin
39j1ari:tg.(L974) added a change in prices to adjust the base year table before applying the
RAS technique.

The second.technique for- estimating the input-output table is to optimize an objective
function, subject to. marglnll constraints. Fbr instincc, IVlorrison ahd Thumann (fggO)
applicd thc Lagrangian r{rar.grnal multiplier- approach to estimate the input-output tabli. Th6
main concept was to-minimiu some deviationd of cach entry, usually a chi-sq'uare, betwe;n
$9 9*" and updated tables. It was obscrved that this techriique was morc zuitabli than the
RAS technique in cases of additional constraints relating to 6locks of cclls werc available.
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Unfortunatcly, thcrc was no generally agrsed objective function and some negative values

(rccurred in tlic uPdatcd table.-

Various studies have been canied out in the field of the rectan-gular input-output-model since

ig53-.-O"rtiihJ"" (1ib;i6rmulated,a large family of difr'erenr square and rectangular

irorl-ortput framewbrks. the rectangular mJmbers piove to have important advantages over

iffififfi;6;;i th" iur,ity. I-olis ltlSl) mad'e a com_parative study of the.rPtho.q I
*iirli" tf," recrangular input-otitput tab[. Thir RAS,.H-M- (HaringgcMenamin) and LM

iL-n-r"i frfumpnEOtec-niiqu* i"r" examined by using thebase year table. It was found

ih;,"th"";;id|'fifr"d flrhctangular tables werc gen;raUl better than those obtained for

tfr" -n "ntioral 
Lrontief ones and'lhe RAS method had the best performance'

All of the mentioned researches employed the base year table and marginal.constraints. as the

inouts to formulate the projection table using mathematigal technlques wlthout consloenng

fifi;il;r;6;i;;h &trciint change. Tfr"s" tendencies are of the following five tvpes:

iii *nitint, (2) increasins,li) J"o""tTrg, (4) diminill,Tg, "4 
(5) generating: TI" modcl

i;;tt";;iildtfi"ili;r"tpit tule is moie it6active, if alllendencies can be added.

In this paper, the main objective is to propose two schemes for clarifying the te{engie19f
it"r"tuiui'"tl*ges in th6 economy. Th-e TSM is.proposed t9 Pr:senj ryPllc1u/- 11:
tendencies of thi technical coefficients for the intenegional square input-output taDles' ln me

otfrii i"fr".e, the tenJencies of the technical coeficients for the rectangular input-output

t"b[.;; d;#UeO Uy a fircentage deviation index. Each class of deviations is presented by

the size of coefficients for quick recognition purposes'

2. INTERREGIONAL INPUT.OUTPUT TABLES

The intenegional input-output table lllustrates the economic structure' Two kinds of this

;6i";;;;ilpGy;d i; thti:;irdy. rhe former one is the.int"o"qgTl rqlT_"_TI::.:?:l
tfnlfOi t Ut"'sh6wn in Table i. tt is based on the Chenery-Moses assumPtlon' t'ach

element, X1, represents tt 
" 

umou"t of each transaction of cominodity I that was uscd for

producing *hichever commoditY J.

Table 1. TheIRSIO

com com

Legend:
x-i;;tri- with purchases of raw commoditiesto produce commodity
o : domestic inPut vector
f': final demant e : net national exPort

v:valueadded r,s :region
i :commoditYl j : commoditYJ
com: commodities

The lattcronc is thc intcncgional rectangular input-output (IRRIO) gUtc which is shown in

i"Uf" i. ff,is &able 
"onti.t[o] 

two typis of mitrices, the input m3tltx (U) and the output

i,liiii fvi. ir," frst .uiri* r"fi"r"nti'irputs used bv industrits and the othcr onc represents

ffii;A 
';;d;;;;;r'y 

;;,il;'"ispt"dffd by each industry. rhe table illustrates clearlv the
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Schernatic Clarification for Stsuctural Changcs in thc Intcficgioul Trade Flows

Table 2 The IRRIO

com ind

Legend:
U I input matrix with' purchases of commodities. by industries
V : ouBut matrix with- salcs of commodities by industrics
g : industry output vector
i : commodity or industry I
j : commodity or industry J

ind : industries

sources and destinations of all transactions. The IRRIO model was developed by lnamura er

at (t995).

AIi = *"i/ 
T

where;
A : technical coefficient
X[f : transacted commodity I to produce commodity J from region r to region s

The others arc defined in Eqs. (2) and (3). The input coefficient B rcprcsents the PloPortiol
of transacted commodity torisrimed'by each industry while- the- outPit qStricie{ !
represents the proportion of transactcit commodity ryodutsd by each-industry. Both
Oefinitions are iimilar to the definitions in a system of nation accounts (United Nations,
1968). but only value added is not included in the calculation of input co€fficients. Thesc

coetri6ients wire used for de.scribing stnrctural changes in thc prbportion of transactcd

ommoditics by each industrY.

85?

ind

ind

ind

3. UNIFORMITY OF THE INTERREGIONAL INPUT.OUTPUT TABLE

The intenegional input-output table reprgsents the economy in each situation. It is used to

rtuay 
""on6rnic 

stru'ctural ihanges at diffrrent-points of ti1ne. Qe-growth rate of the total

inpul ana output of the table i5 a {mple indix which is used for dcscribing economic

"tlng". 
In orier to ascertain the differences and similarities of the economic structures in

a"taiis, some schemes are required to uniform the tables. The sphematic uniformity depends

on the objective of the studY.

For this study, three kinds of technical coefficients are introduced. The first one is.defined jn
gq.(f). It is used to construct the graphic presentation for describing an overview 9f the

""broini" 
structural system. Each-coafficiint A represents- the ratio of amount of each

transaction to all nansictions from one region to another region which is different from the

general definition (Irontief, 1986).

(1)I xli
j

Ui {' 4 qI' uii fl' q[' qi

w vii si
qi' ql'

uii fi' qi' uii csll ef qi' qi

vii ui ci
qi' qi'

vi v

sf g
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Bii = uii I I, "f;

A>P -* S=1

others ---r S=0

d=1tzD-tlD)frzO
whcrc;

D:cocffrcicntBorC
t : point in timc

Jomal of thc Eaacm Alis Socicty for Trmsportatioo Shdics, Vol.l, No.3, Antmrl,, t99s

4.2 Percentage Deviation Index

The percentage deviation index, d, was used for handling the comparison of economic
structure with technical coefficients B and C. The deviation of B represents the change of
transacted commodity consumed by each industry while the deviation of C corresponds to
thc change of product mix of each industry in the economy.

C,i'=\f,i IZU;
J

(2)

(3)

(4)

where;
B : input technical coefficient
Ulf : ransacted commodity I consumed by industry J from region r to region s

C : ouput technical coefficient
VIf r truns"cted commodity J produced by industry I from region r to region s

4. ECONOMIC STRUCTURAL CHANGES

The technical coefficient is the principal advantage of the schematic uniformity of the
intenegional input-output table. A comparison of structural properties of the economy at two
different points of time is therefore reduced in this context to a comparison of each
coefficient matrix. The comparison of the coefficients was performed in two techniques, by
graphic presentation and percentage deviation index.

4.1 Transaction Structural Modeling

The TSM was proposed for handling the comparison of the economic structure with
technical coefficient A. The differences and similarities of coefficients were illustrated by
graphic presentation for quick recr,gnizing an overyiew of structural changes in the
economy.

An important requirement for constructing the graphic structure is an organization of
relations between input and product. These relations vary from zero to one. Coefficients A
were simply assumed to be the relations. Then all relations were converted to binary
relations, S, by setting a threshold, P, which is shown in ft (a). The relations which are
equal to or greater than the threshold were only used to develop the graphic structure. The
threshold value affects the complexity of the structural diagram. The smaller threshold value
was selected so that the more complex diagram can be developed. It is noted that the
diagonal elements of matrix A are generally higher than other elements. Therefore, only
diagonal entries remained when a high threshold value was used.

(s)
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5. STRUCTURAL CHANGES IN TOHOKU.KANTO TRANSACTIONS

The model was applied to ascertain the differences and similarities in the interregional
transaction from the north-eastcrn (Tohoku) to the ccntral (Kanto) regions of Japan between
1980 and 1985. The IRSIO and IRRIO tables were constructed from the data which was
compiled by the government of Japan. The nation was divided into three regions, namely
Tohoku, Kanto and other regions, which are classified in Table 3. The result of transactions
from Tohoku to Kanto only is discussed. Commodities and industries were classified into
twenty-six categories numbered in Table 4. The total productions of each industry, which
were estimated by the TRRIO model, are also shown in the table.

Table 3 Categories of Tohoku and Kanto regions

Regions Prefectures
I ohoku Aomori. Iwate. Miyaei. Akita. Yamasata. Fukushrma
Kanto Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo,

Kanasawa, Niieata. Yamanashi. Nasano. Shizuoka

Table 4 Estimated products which were sold by each industry
in Tohoku region and consumed in Kanto region

Sectors

2 Forestry
3 Fishery
4 Melal Mining
5 Coal Mining
6 CrudePetroleum & Gas

7 Slone & Clay Mining
8 lron & Sleel
9 Non-ferrous Metal
10 Metal Producls
1l Industrial Equip. & Machinery
12 Electrical Equip. & Household Appliances
13 Motor Vehicles
f4 Ship & Other Transports
15 Office & Precision Machines
16 Printing & Publishing & Miscel.
Manufacturing
l7 Stone & Clay Products 79138
18 Petroleum & CoalProducts 611441
19 Chemical Products 370355
20 Plaslics & Synthetics & Rubber & I-ealher & 73402
Allied Products

Productions
(million yens)

Year 1980 Year 19t15

2l Paper & Allied Products
22 Fabilrcaled Textiles
23 Food
Vl Dink
25 Lumber & Wood Products & Furniture
25 Services

t652
6661
272

4
2

2549
359828
t28714
t3928t
244595
497062
3t6485
30418
99039

37L974

91928
tt65?5
279358
12387L
58608

t0744t8

2893
40208

105
1

17
2062

203802
205583
232423
282667
858121
282414

18843
t49902
263720

8',7704
4974r9
454528
257036

tt2033
t25429
336565
L82655
73347

24558t6
5127063 7236963Total
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5.1 Graphlc Presentatlon of Economic Structural Changes

Using the TSM, the overvicw of structural changes in transacted commodities between L980

ana igAS from the Tohoku region to the Kanto region is graphically illustrated in Fig-l-
Each block represents the transided commodity from the Tohotu region to the Kanto region
o,hi"h *us cdnsumed to produce the same tiid of commodity. The arrows represent the

t"urJC"a commodities frbm the Tohoku region to the Kanto region which were consumed

to produce another commoditY.

ffi@ffiffi@@

' r''" .-.1" ; ;;;";' A"'i

_ ;****T . -t1: 
v. .Yl::: y. i

tr significantlyconstant

tr significantlyincreasing

tr significantlydecreasing

insignificant

Figure L Transaction structural changes betw.een 1980 and 1985 from Tohoku to Kanto,

For the transacted commodities which werc used for producing the same -t<!nA .of
commodities, it is seen that the transacted commodities of non-ferrous metal, industnal

"qrip."rt 
& machinery, motor vehicles, officc & precision machines, cfeqig{ prgglgt!,

pip"'iA Ui"a products, and fabricated-textiles were sig$ficantly constant in 1980 and 1985.

tnt transacted' commodities of electrical equipment ? household appliances, .plasties *.
synthetics & rubber & leathcr & dlied products' food, and 9eryi9es u'erc slgnttlcantly
iicreaseO while the transacted commoditici of iron & steel were significantly dccreased.

For thc transacted commodities which were used for producing other commodities, the

transactions which wcrc significant in 1980 and 1985 wcrc obscrved as fQllows:

,dtr l of thc Esstcfli Ash Scicty f6 Transportatior Studies, Vol'1, No'3, Autmn' 1995

significant in 1980 and 1985

significant in L985 only

significant in 1980 only

20 Plaslics &
helics & Rubber

& I*ather & AIIied
Producls

12 Electrical Equip.
& Household

Appliances

i ll.Drink :

7\
r ....x........

i I Agriculture ;

& Liveslock
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- iron & steel- metal products,
- non-ferrous metal* electricalcquipment & household appliances,
- peholeum & coal products- fishery,
- chemical products * agriculture & livestock,
- chemical products* plastics & synthetics & rubbcr & leather & allied products,
- food- drink, and
- drink- agriculture & livestock.

These transactions represent the similarities in the
significant in 1985 only were observed as follows:

- agriculture & livestock* food,
- fishery - 16o6,

economy. The transactions which were

- metal products- electricalequipment & household applianccs, and
- seryices* elecnical equipment & household appliances

while the transactions which were significant in 1980 only wcre found as follows:
- printing & publishing & miscellaneous manufacturing* electrical equipment &

household appliances,
- petroleum & coal products* agriculture & livestock,
- petroleum & coal products:* stone & clay mining, and
- petroleum & coal products- stone & clay products.

These represent the differences in the economy.

Transactions of services for producing other commodities and transaction of other
commodities to produce serviccs werc separately illustrated in Fig. 2. It was found that only
the transacted sLrvices for producing food were significant in 1980 and L985 while the
transacted services for producing the electrical equipment and household appliance! wgre
significant in 1985 only. For the reverse transactions, other transacted commodities for
producing services, the transacted commodities which were significant in 1980 and 1985
were found as follows: iron & steel, metal products, printing & publishing & miscellaneous
manufacturing, stone & clay products, peEoleum & coal products, chemical products, and
paper & allieil products. The hansacted commodities of elecnical equipment & household
appliances, and lumber & wood products & furniture were significant in L980-only, while
tfid transacted commodities of plastics & synthetics & rubber & Ieathcr & allicd products
were significant in L985 only.

5.2 Frequency Distribution of Economic Structural Changes

The comparisons of technical coefficients, B and C, between 1980 and 1985 are shown in
Tables 5 and 6 for input and ouput transactions, respectively, from the Tohoku region to the
Kanto region. Each bold number represents the frequency of the large coefficients which
have high percentagc dcviations. These represent the majority of the structural changes.

Table5. Comparisonof technicalcoefficientsof input transactions from the Tohoku region
to tha Kanto region betwee{r 1980 and 1985 by percentage deviation and size

Percentage Total
Deviation 

o.ioro o.oroo o.iooo o.iooo f.33oo
-1.00 > 6
-100--50 4

-50 - -20 1

-20- -20 5
20- 50 2
50-100 0

>100 0

056
051
043
6 100
186
070
00

31ltl
1,8 19 l0
15276
31 40 18
27 30 26
2636t
000

Jounal of the East m Asia Socicty fr Transputation Sttdics, Vol. I , No.3, Autumn, 1995



t62 Hajimc INAML.IRA and Viroat SRISIJRAPAI.ION

ttt'

Perccntage Total
Deviatioi thantll4tl

0.0010 0.0100 0.1000 0.5000 0.5000

-L00 >

a ) Transacted services to produce other commodities

25 Lumber & Wood Producls

& Furniture

12 Elearical Equip. & Household
Appliances

b ) Other transacted commodities to produce services

significant in 1980 and L985

significant in 1985 onlY

significant in 1980 only

Figure 2 Transaction structural chalges of services and other commodities
between 1980 and L985 frbm Tohoku to Kanto, P = 0'010

Table 6 Crmparison of technical coefficients o! oqryl! hansactions fr.oq 4" Tohgklt region

to tlie Kanto region between 1980 and 198S Uy percentage deviation and size

8 Iron & Sleel

2l Papu & Allied Producls

20 Plastics & Synthelics &
Rubber&kather&Allied

Producls
16 Printing & Publishing &

Miscel. Manufacturing

17 Stone & Clay Producls

-100 - -50
-50 - -20
-20- -20
20- 50
50 - 100

> 100

15
18
53
24
28

0
761

0
0
I

25
0
0
0

B

2
2
3
5
7
6
0

1

4
3
4
0

t2
10
19
13
19
0

0
0
1

0
3
0
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The frcqucncy distribution of the significant transactions in 1980 or 1985 only was shown in
Tables 7 and 8, for diminishing and generating, respectively. Each bold frequency
represents the majority of transaction structural change by each industry in the economy. In
the input transaction respect, it is found that the commodities of ship & other transports and
fabricated textiles were decreasingly consumed by industries of motor vehicles and coal
mining, respectively, while there were no specific commodities increasingly consumed in
1985. In the output transaction respect, the proportion of coal mining commtxlity was
decreasingly produced by its industry which used to produce 0.234, and the agriculture &
livestock industry also decreasingly produced fabricated textiles which used to produce
0.018 in 1980 while the proportion of motor vehicle commodity was increasingly produced
0.013, 0.139 and 0.031 by industries of coal mining, crude petroleum & gas, and stone clay
mining, respectively.

Table 7 The frequency distribution of technical coefficients of transactions from the
Tohoku region to the Kanto region in 1980 by size in case of technical

coefficients in 1985 less than 0.0005

Transaction Total
- (max.)

0.0010 0.0100 0.1000
Input7L420
Output315 ll

23
20

Table 8 The frequency distribution of technical coefficients of transactions from the
Tohoku region to the Kanto region in 1985 by size in case of technical
coefficients in 1980 less than 0.0005

Transaction Total

o.frro o.iroo o.rioo 
(max')

Output 18 22 2 l, 43

There are some relationships between the structural graphic and the structural changes in
technical coefficients B and C. For instance, the total production of petroleum & coal
decreased from 611441 million yen in 1980 to 497419 million yen in 1985. This amount of
reduction (23 Vo) was related to the transactcd commodity which can be observed in Fig. 1.
The transacted commodity of petoleum & coal products for producing commodities of
agriculture & livestock, stone & clay mining, and stone & clay prducts was only significant
in 1980. In the other respect, these structural changes correspond to the bold numbers in
Tables 5 and 6. The transacted commodity of pefroleum & coal products was decreasingly
consumed by the industries of agriculture & livestock, fishery, stone & clay mining, stone &
clay products, and services which is shown in Table 9. Furthermore, the transacted
commodity of petroleum & coal products was also decreasingly produced by the industries
of coal mining, iron & steel, and chemical products which is shown in Table 10.

Table 9 Proportion of transacted commodities of petroleum & coal products
consumed by each industry

Year Stone &
Clay

Products
1980
1985
d (Vol

0.t37
0.070

-87

0.695
0.493

-40

0.670
o.364

-84
0.187 0.117
-63 -83

Jownal of the Eastern asia Socicty for Ttmryortation Shrdics, Vol.l, No.3, Autumn, 1995
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Table 10 Proportion of pe6oleum & coal products produced by each industry

Year
Minins Steel Products

1980 0.705 0.154 0.048
1985 0.584
dQol -2t

For the other example, the production of electrig4equiprlqnl & household.appliances was
greatly increased Ay +Z Vo. The changes in coefficieirts-which are the members of the bold
E"qu6ncies in Tabie 6 and related to the transacted-commodity.of this. production were

shown in Table 11.. These changes cannot be observed from the relationship in Fig. 1.

Table 11 Proportion of electrical equipment & household appliances
produced bY each industry

Industrv
Year

Vehicles Other Precision Manufact-
Transports Muchinulrlg-

0.069 0.028
-94 -71

1985 0.014 0.012 0.118 0.012
d(Vo) 39 48 75 7L

6. SUMMARY AND CONCLUSIONS

The differences in the economywere caused by the following-two possibilities: substitution

effect and fabrication effect. These effects weie stimulated within the same transaction link
or by a differcnt transaction link.

In order to describe the overall stmctural changes of the economy, Transaction Structural

Uoa"ting (TSM) was proposed. It is practically applied to the technical coefficients of the

IRSIO tal[. lt i6 a meiirod for developing a graitri-c diagram for qu!c\ recognition p5P9se.s:

It is noted that the structure of a system can be uniquely determined depending on threshold

P.

In the other respect, to describe the structural changes of transacted inputs and. outputs.by

"u"tr 
inAu.try, 'the percentage deviation index- wa-s proposed to .apply to th: t""ry31

coefficients of the IITRIO tabie. Some relationships betiveen the graphic presentation and the

proportionally transacted inputs and outPuts have been observed and discussed.

In conclusion, in order to study the structural changes in the economy by_ using thc technical

coefficients of the interregionil input-output tables, the tendencies of the changes in each

group of elements need to be considered.
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