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Estimation of Input-Output Tables and Simulations of Employment 
Inducement Focusing on Small Regions: Case of Kumamoto Prefecture 
Satoshi Nakano  
The Japan Institute for Labour Policy and Training 

 
The ongoing trend toward decentralization will enhance the future role that 
local governments play throughout the labor policy process. It will be im-
portant that local governments have clear visions and comprehensive strategies 
for job creation and that they properly implement labor policies specifically 
suited to the circumstances of their respective regions. However, few small 
local governments have their own visions or plans for job creation. In light of 
this situation, this study aims to develop and propose an approach for estimat-
ing regional input-output tables focused on small regions by applying a gravity 
model, and to create specific plans for investment and production activities 
and simulate employment inducement based on the comprehensive national 
strategy through the use of such tables, as a tool for small local governments to 
use in drafting visions or comprehensive strategies for job creation that incor-
porate specific numerical targets. 

 
I. Introduction 

 
The ongoing trend toward decentralization will enhance the future role that local 

governments play throughout the labor policy process, from planning to implementation. It 
will be important that local governments have clear visions and comprehensive strategies 
for job creation and that they properly implement labor policies specifically suited to the 
circumstances of their respective regions. 

According to a 2004 survey conducted by the Japan Institute for Labour Policy and 
Training (JILPT), in contrast with prefectures and Cabinet order-designated cities, most 
smaller local governments, such as those of municipalities, had no visions or plans for job 
creation (Watanabe 2007). In the wake of the municipal merger movements that com-
menced in 1999, an increasing number of local governments have drafted visions or plans 
after such mergers, but the majority still have not (Watanabe 2009). 

In view of this situation, this study aims to develop and propose an approach for es-
timating regional input-output tables focused on small regions and to simulate employment 
inducement through the use of such tables, as a tool for local governments to use in drafting 
visions or comprehensive strategies for job creation that incorporate specific numerical tar-
gets. 

There are two possible approaches to setting target numbers for the creation of new 
jobs: a bottom-up approach and a top-down approach. In the bottom-up approach, the num-
ber of jobs that the various divisions within a local government intend to create by inviting 
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enterprises or carrying out investment plans are collected and totaled.1 In the top-down 
approach, the number of new jobs to be created is based on information reported by the re-
spective local government divisions, and also incorporates the interdependent relationships 
within overall regional economies, including trade with other regions. The approach adopt-
ed in this study, which is based on the input-output tables, is an example of the latter ap-
proach. This approach enables estimates which incorporate the repercussions between in-
dustries and the bounding-out effects between regions, or, in other words, estimates which 
reflect progress in the development of regional industrial clusters and inter-regional and 
inter-industry supply chains. 

One obstacle to the use of this approach is the limited statistical data available con-
cerning specific regions when compared to the nationwide data. For example, only a few 
surveys have captured inter-regional trade relationships in terms of monetary amounts. The 
Commodity Distribution Survey is one such survey, and is conducted by regional bureaus of 
economy, trade and industry to allow regional and prefectural versions of input-output ta-
bles to be compiled, but it is not useful for this study because it does not go into the details 
of trade between small regions—the main subject of this survey. An independent, detailed 
survey would be costly and difficult to perform accurately, however. To overcome this 
problem, material flow data can be used as a substitute. By making reference to the survey 
reports compiled by the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) 
(namely, the Report on Cargo Flow in Japan, the Report on Passenger Flow in Japan, and 
the Survey on Net Cargo Flow in Japan [Material Flow Census]), it is possible to capture 
inter-prefectural transport volume in terms of material flow, by type of transportation and 
goods. However, this approach also fails to reveal the trade relationships among units 
smaller than prefectures.2 

Due to the difficulty of directly investigating inter-regional trade relationships, a 
non-survey approach that estimates inter-regional trade based on other sources of infor-
mation is often adopted as an effective methodology. There are two representative estima-
tion methods for a non-survey approach.3 One is the use of location quotient (LQ) tech-
niques. This method uses a specification coefficient for each region to determine whether 
demand exceeds supply in the region, or in other words, whether the local economy in the 
region is self-sufficient, based on the assumption that an inflow of goods from other regions 
indicates a lack of self-sufficiency while an outflow of goods to other regions exists if sup-
ply exceeds demand in the region. However, this method is of course unable to estimate 

                                                           
1 A problem that must be addressed in the first place is that small local governments mostly do not 

have divisions specialized in dealing with labor policy due to the limited financial and human re-
sources. 

2 The Report on Cargo Flow in Japan and the Report on Passenger Flow in Japan provide data on 
subdivided regions only with regard to Hokkaido (seven blocks in the former and four blocks in the 
latter). 

3 For details of these non-survey approach methods, see Nakano and Nishimura (2012). 
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cross hauling—the simultaneous inflow and outflow of the same type of goods. 
Another representative estimation method is a bi-proportional method, such as the 

RAS method, which takes into account the commodity balance, that is, the consistency with 
the sums of rows and the sums of columns in the input-output table matrices for a region. 
For example, it estimates the trade volume in the place of destination or place of origin so 
that it matches the total inflow or total outflow by sector that can be found in the in-
put-output tables for the region. However, this method is also unable to account for cross 
hauling in its estimates of inter-regional trade unless cross hauling is included among the 
data available on inter-regional trade not included in the input-output tables. 

As compared to these major estimation methods, a simpler method of estimating in-
ter-regional trade while taking account of cross hauling is to employ a gravity model, such 
as the method advocated by Leontief and Strout (1963) (Begg 1985; Hitomi 2000; 
Kronenberg 2010).4 There are many variations in this model according to the variables to 
be used; for example, whether the physical distance between regions or the freight charge 
amount are used as variables to take account of the possible obstacles they form to in-
ter-regional trade. By employing such variables, this method makes it possible to estimate 
inter-regional trade without ignoring cross hauling. 

This study also employs a gravity model for estimating inter-regional trade. In a great 
difference from preceding studies, this study applies the approach advocated by Nakano and 
Nishimura (2012), which divides existing regional input-output tables which include cross 
hauling—e.g. input-output tables compiled by prefectures and those complied by regional 
bureaus of economy, trade, and industry—into regions smaller than prefectures or regional 
blocks, without changing the inter-prefectural or inter-regional trade structure. 

Thus, this study estimates multi-regional input-output tables for small regions while 
remaining consistent with existing input-output tables and without eliminating cross hauling, 
and then measures the amount of employment induced when given a forecast or numerical 
target for final demand. Specifically, this study uses the urban area of Kumamoto Prefecture 
as its target region. 

This paper is organized in the following way. Section II presents an analytical model 
for measuring the amount of induced employment based on multi-regional input-output 
tables. Section III explains the method employed to estimate the multi-regional input-output 
tables using the Kumamoto urban area as an example, and examines supplementary em-
ployment coefficients. Section IV simulates to measure the amount of induced employment 

                                                           
4 Kaneko (1967) and Ihara (1996) estimated parameters by applying a gravity model to the In-

ter-Regional Input-Output Tables compiled by the Ministry of International Trade and Industry. Ihara 
discussed the benefits and limits of the use of a gravity model when estimating inter-regional flows of 
goods. Hitomi (2000) attempted to rearrange the Inter-Regional Input-Output Tables into ten power 
distribution areas (which is different from this study’s focus on smaller areas), and estimated the 
amount of trade between two regions based on a gravity model using data on inter-regional trade in 
the service sector. 
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by assigning the estimated input-output tables as well as variables including a forecast and 
numerical target for final demand to the analytical model. Section V presents conclusions 
drawn from the analysis. 

 
II. Multi-Regional Input-Output Model 

 
In the competitive inflow/import type input-output tables among the three regions to 

be estimated in this study, the equilibrium solution of regional production is obtained ac-
cording to the following steps. 

 
(i)  The coefficient of inflow into region k from region l (the ratio of inflow to total de-

mand in region k) is defined as described in formula (1). 
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Wherein ri
lk is the coefficient of inflow into region k from region 1 in sector i; ti
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inflow from region l into region k in sector i (outflow from region l to region k); xij

k 
is the intermediate demand in sector i relating to sector j of region k; and fi 

k is the 
regional final demand in sector i of region k. 

 
(ii) With the coefficient of inflow defined in (1), the equation for multi-regional in-

put-output tables can be expressed by formula (2). 

( )( ) efAxTM̂Ix ++−−=      (2) 

Wherein x is the regional production vector; I is the identity matrix; A is the input 
coefficient matrix; M̂  is the import coefficient matrix; T is the inflow coefficient 
matrix; f is the regional final demand vector; and e is the export vector. 

 
The vectors and matrices contained in the above formula consist of the regional vec-
tors and matrices shown below. 
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Wherein xk is the regional production vector in region k; Ak is the input coefficient 
matrix in region k; kM̂  is the import coefficient matrix in region k; lkR̂  is the in-
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flow coefficient matrix for the inflow into region k from region l; fk is the regional 
final demand vector in region k; and ek is the export vector in region k. 

 
The regional vectors and matrices consist of the following elements. 
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Wherein xi
k is the regional production in sector i of region k; aij

k is the input coeffi-
cient in sector j from sector i in region k; ri

m,k is the import coefficient in sector i of 
region k; and ei

k is the export in sector i of region k.  
 

(iii) By solving formula (2) in terms of x, formula (3) can be obtained. By assigning re-
gional final demand and export to formula (3) and multiplying the Leontief inverse 
matrix, induced regional production can be calculated. 

( ){ } ( ){ }efTMIATMIIx
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− ˆˆ      (3) 

If the values calculated by dividing the number of employees and the number of em-
ployed persons at work by total production are referred to as employment coeffi-
cients, the employment coefficients by sector can be expressed by formulas (4) and 
(5).5 
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Wherein uej
k is the employment coefficient in sector j of region k (employee basis); 

emj
k is the amount of induced employment in sector j of region k (employee basis); 

usj
k is the employment coefficient in sector j of region k (employed-person-at-work 

basis); shj
k is the amount of induced employment in sector j of region k (em-

ployed-person-at-work basis). 
                                                           

5 “Employees” consists of “paid executives,” “regular employees,” and “temporary/daily employ-
ees.” “Employed persons at work” includes “self-employed workers” and “family workers” in addi-
tion to “employees.” There are also “employed persons not at work,” who have jobs and are paid a 
wage or salary while absent from work due to sickness or paid leave. 
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Using formula (3) and the employment coefficients (formulas [4] and [5]), the 
amount of induced employment by sector can be expressed by formulas (6) and (7). 

( ){ } ( ){ }efTM̂IATM̂IIÛem
1
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−      (6) 
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Wherein em is the induced employment vector (employee basis); eÛ  is the em-
ployment coefficient matrix (employee basis); sh is the induced employment vector 
(employed-person-at-work basis); and sÛ is the employment coefficient matrix 
(employed-person-at-work basis). 
 
The regional composition of the vectors and matrices expressed by formulas (6) and 
(7) are as shown below. 
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Wherein emk is the induced employment vector in region k (employee basis); ke,Û  
is the employment coefficient matrix in region k (employee basis); shk is the induced 
employment vector in region k (employed-person-at-work basis); and ks,Û  is the 
employment coefficient matrix in region k (employed-person-at-work basis). 
 
The sectoral compositions of the above described vectors and matrices are as shown 
below. 
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Wherein emi
k is the induced employment in sector i of region k (employee basis); 

uei
k is the employment coefficient in sector i of region k (employee basis); shi

k is the 
induced employment in sector i of region k (employed-person-at-work basis); and 
usi

k is the employment coefficient in sector i of region k (employed-person-at-work 
basis). 
 
By assigning final demand to formulas (3), (6) and (7), induced regional production 
and employment can be measured while taking inter-regional repercussions into ac-
count. 

 



I-O Tables Estimation and Employment Inducement Simulations for Small Regions 

107 

III. Estimation of Inter-Regional Input-Output Tables Focusing on the Ku-
mamoto Urban Area 

 
This study targets the Kumamoto urban area, which is composed of Kumamoto City 

and its surrounding municipalities (cities [shi], towns [machi/cho], and villages [mura]), and 
attempts to compile input-output tables for this area. There are two major reasons Kuma-
moto Prefecture in the Kyushu Region has been selected: the first is its proactive attitude 
toward inviting enterprises, and the second is its unique labor policies. In relation to the 
invitation of enterprises, the government of Kumamoto Prefecture provides more generous 
support to the enterprises it invites than the governments of other prefectures. In the inter-
view survey, enterprises that moved to Kumamoto responded that while subsidies for the 
building of business establishments and tax benefits were available in other prefectures as 
well, Kumamoto’s prompt and careful responses to their requests were superior to other 
prefectures. With regard to Kumamoto’s unique labor policies, the “Kumamoto Prefecture 
Industry and Employment Creation Program (FY2008–FY2010)” is a recent example. This 
program was similar to the Regional Employment Creation Promotion Program (Package 
Program) spearheaded by the Ministry of Health, Labour and Welfare (MHLW), but was 
more convenient for local municipalities because the requirements for participation in the 
Kumamoto program were less strict than those of the MHLW program. Municipalities that 
participated in the Kumamoto program set up specialized units in charge of inviting enter-
prises, which led to further enhancement of the enterprise invitation system of Kumamoto 
Prefecture as a whole. 

The Kumamoto urban area is composed of Kumamoto City and its neighboring mu-
nicipalities, from which approximately 15% of residents commute to Kumamoto City to 
work or attend school (as of the 2005 Population Census). The constituent municipalities 
aim to cooperate to promote the growth of Kumamoto Prefecture as the center of the Kyu-
shu Region, while reinforcing their own competitiveness within the area. This study divides 
Japan into three regions: the Kumamoto urban area, the other areas of Kumamoto, and areas 
of Japan other than Kumamoto Prefecture, and estimates multi-regional input-output tables 
to represent trade between these three regions. Figure 1 shows a model for representation. 
First, the tables for the Chenery-Moses model, or competitive inflow type, are estimated, 
and these are then converted into the Isard model, or non-competitive inflow type as shown 
in Figure 1, using the inflow coefficient. Since there are only two sets of input-output tables 
available for this study—the 2005 Input-Output Tables for Japan compiled by the Ministry 
of Internal Affairs and Communications (MIC) and the 2005 Input-Output Tables for Ku-
mamoto Prefecture—, it is necessary to divide the Input-Output Tables for Kumamoto Pre-
fecture into those related to the Kumamoto urban area and those related to the other areas of 
Kumamoto, and to estimate trade between the three regions mentioned above. 
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Figure 1. Model for Multi-Regional Input-Output Tables for the Kumamoto Urban Area 
 

Table 1. Municipalities Constituting the Kumamoto Urban Area and  
the Other Areas of Kumamoto 

 
Note: Since the former Ueki-machi, which is now part of Kumamoto City, is under the jurisdiction of 

the Kikuchi City public employment security office, the area of Kumamoto City extends over 
the northern and central districts. 
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1. Division of Input-Output Tables 
Kumamoto Prefecture is divided into the Kumamoto urban area and the other areas of 

Kumamoto. Table 1 shows the municipalities that constitute the respective regions.6  
Kumamoto Prefecture is generally divided into four districts: the northern, central, southern, 
and Amakusa districts. The Kumamoto urban area covers the central district and part of the 
northern district.7 

The Input-Output Tables for Kumamoto Prefecture have been divided via the follow-
ing steps. 

 
(i) Among the final demand sectors, private consumption expenditures, general gov-

ernment consumption expenditures, and prefectural production have been divided 
between the Kumamoto urban area and the other areas of Kumamoto based on other 
statistical data (for the indicators for proportional distribution, see Table 28). 

 
(ii) Among the final demand sectors, gross regional fixed capital formation (pub-

lic/private) has been estimated as follows. (1) The capital coefficient9 based on cap-
ital flow has been estimated by dividing gross capital formation according to investor 
sector or type of investment goods (which is provided in the fixed capital matrix 
supplemented to the nationwide input-output tables) by domestic production accord-
ing to investor sector. (2) Prefectural production according to investor sector for 
Kumamoto Prefecture and for the Kumamoto urban area has been multiplied by the 
respective capital coefficient, and then gross fixed formation according to type of 
investment goods is obtained by aggregating the result of (1) for all investor sectors. 
(3) The ratio between the estimated gross fixed capital formation according to type 
of investment goods for Kumamoto Prefecture and the gross fixed capital formation 
according to type of investment goods provided in the publicly available In-
put-Output Tables for Kumamoto Prefecture has been calculated. (4) The final gross 
fixed capital formation is obtained by multiplying the estimated gross fixed capital 
formation according to type of investment goods for the Kumamoto urban area by 
such adjustment ratio calculated in (3). 

 

                                                           
6 The geographical range of the Kumamoto urban area that is the focus of this study corresponds to the 

range of the municipalities that form the Kumamoto Urban Area Council established on April 1, 2010. 
7 It should be noted that the municipalities that constitute the four districts differ depending on the 

statistical survey or analyst. This study adopts the classifications of the Kumamoto Labour Bureau 
based on the zoning of the jurisdictional districts of public employment security offices. 

8 It should be noted that this statistical data is not completely consistent with the concept of activi-
ty applicable to input-output tables. This study basically uses production data, but sometimes uses data 
on the number of employed persons at work if production data is unavailable. 

9 The term “capital coefficient” is usually used when the numerator is capital stock. 
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(iii) Intermediate input (demand) is estimated by multiplying the regional production 
calculated in (i) by the input coefficient based on the Input-Output Tables for Ku-
mamoto Prefecture. Similarly, gross value added is estimated by multiplying the re-
gional production by the ratio of gross value added according to the respective item 
(the ratio of gross value added to the prefectural production as provided in the In-
put-Output Tables for Kumamoto Prefecture). 

 
(iv) Among the final demand sectors, consumption expenditure outside households 

(column) is calculated by aggregating the consumption expenditure outside house-
holds (one of the items included in the gross value added as estimated in [iii]) and 
dividing it into sectors according to the distribution ratio of consumption expenditure 
outside households (column) in the Input-Output Tables for Kumamoto Prefecture. 

 
(v) Among the final demand sectors, increase in stocks is divided into regions according 

to the method employed by Nishimura (2006). (1) The stock ratio si (the ratio of the 
increase in stocks to prefectural final demand) is calculated based on the In-
put-Output Tables for Kumamoto Prefecture (formula [9]).10 (2) Private consump-
tion expenditures and general government consumption expenditures as regionally 
divided in (i) and the gross regional fixed capital formation (public/private) and 
consumption expenditure outside households (column) as estimated in (ii) and (iv), 
respectively, are summed up and then divided by 1-si to obtain the regional final de-
mand for each region (formula [10]). (3) The increase in stocks for each region can 
be calculated by deducting the sum of the private consumption expenditures, general 
government consumption expenditures, gross regional fixed capital formation (pub-
lic/private), and consumption expenditure outside households (column) from the re-
gional final demand. 

st
i

fm
i

fk
i

go
i

hm
i

hg
ii fffffff +++++=        (8) 

i

st
i

i f
fs =                            (9) 

i

kfm
i

kfk
i

kgo
i

khm
i

khg
ik

i s
fffff

f
−

++++
=

1

,,,,,

      (10) 

Wherein fi is the regional final demand in sector i; fi 
hg is the consumption expendi-

                                                           
10 With regard to sectors where the prefectural final demand is zero in the Input-Output Tables for 

Kumamoto Prefecture, the stock ratio si is defined as the ratio of the increase in stock to total prefec-
tural demand. The total regional demand is calculated by dividing the total intermediate demand for 
each region by 1-si. And then, the increase in stocks for each region is calculated by deducting the 
total intermediate demand from the total regional demand for each region. 
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ture outside households (column) in sector i; fi 
hm is the private consumption ex-

penditure in sector i; fi 
go is the general government consumption expenditure in sec-

tor i; fi 
fk is the gross fixed capital formation (public) in sector i; fi 

fm is the gross fixed 
capital formation (private) in sector i; fi 

st is the increase in stocks in sector i; and si is 
the stock ratio in sector i. Elements with a letter k in superscript in formula (10) re-
late to region k, which is part of Kumamoto Prefecture, and those without this letter 
in formulas (8) to (10) relate to Kumamoto Prefecture. 

 
(vi) Among the final demand sectors, exports are assumed to be proportional to prefec-

tural production whereas imports are assumed to be proportional to total prefectural 
demand, and the proportional ratios are calculated based on the Input-Output Tables for 
Kumamoto Prefecture (formulas [11] and [12]). By multiplying the regional production 
as calculated in (i) and the total regional demand as calculated from the data obtained 
in (ii) to (v) by these ratios, import and export for each region can be calculated. 
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Wherein ri
e is the export ratio in sector i; ei is the export amount in sector i; xi is the 

prefectural production in sector i; ri
m is the import ratio (import coefficient) in sector i; mi 

is the import amount in sector i; and xij is the intermediate demand of sector i in sector j. 
 
Regional production and final demand for areas of Japan other than Kumamoto Pre-

fecture are calculated by deducting the data from the Input-Output Tables for Kumamoto 
Prefecture from the corresponding data from the Input-Output Tables for Japan.11 For other 
areas of Japan, the input coefficient applicable to the nationwide input-output tables is used. 

 
2. Estimation of Inter-Regional Trade 

Given the regional production for each region and the final demand, excluding in-
ter-regional trade (inflow/outflow) as calculated in the previous subsection, net inflow can 
be obtained using formula (13). 

iiii
j

ijiii xmefxhns −⎟
⎠
⎞

⎜
⎝
⎛ −++∑=−=       (13) 

Wherein si is the net inflow into sector i; ni is the inflow into sector i; and hi is the outflow 
from sector i. 

                                                           
11 It should be noted that there are some differences between the nationwide and prefectural in-

put-output tables in terms of the definition of sectors and estimation methods. 
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Table 2. Indicators for Proportional Distribution Employed to Divide  
the Input-Output Tables for Kumamoto Prefecture 
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Table 2 (Continued) 
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Table 2 (Continued) 

 
 
 

Inflow and outflow can be expressed by formulas (14) and (15) on the basis of the to-
tal value of inter-regional trade according to counterparty. For example, the outflow from 
the Kumamoto urban area into the other areas of Kumamoto is the total input from the Ku-
mamoto urban area to the intermediate demand and final demand in the other areas of Ku-
mamoto, as shown in Figure 1. The inflow into the other areas of Kumamoto from the Ku-
mamoto urban area is the opposite of this as viewed from the perspective of the other areas 
of Kumamoto. 
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Wherein ni
k is the inflow into sector i of region k; hi

k is the outflow from sector i of region 
k; and ti

kl is the outflow from sector i of region k into the same sector of region l (which also 
represents the inflow into region l from region k). 

 
These factors are inadequate to allow inflow/outflow to be estimated by region or sector. 

Therefore, a gravity model has been used to divide outflow by region according to the method 
employed by Nakano and Nishimura (2012). The outflow from region k into region l is as-
sumed to be as indicated in formula (16). It is determined based on the regional production 
in region k, which represents the region’s supply capacity, the total regional demand in re-
gion l, which represents the scale of demand in the region, the distance between these regions, 
and the per-capita gross value added, which is a wealth indicator for households in region l. 
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Wherein xi
k is the regional production in sector i of region k; yi

l is the total regional demand 

in sector i of region k ⎟
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i fxy ; d kl is the distance between regions k and l; pl is 

the per-capita gross value added in region l; and ui
kl is a disturbance term. 

 
The ratio between the value of the inflow in sector i from region k into region l and 

that from region k into region m can be expressed by formula (17). 
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In this formula, if the parameters γ, δ, and κ are determined, inflow and outflow can 
be calculated for each region. The inter-regional distance applied here is the popula-
tion-weighted average distance12 between region k and region l, which is defined by for-
mula (18), where a is a city in region k (a∈k) and the distance between city a and city b (b
∈l) is d kl. 

                                                           
12 Some studies use the physical distance between the populated cities in the target regions or the 

physical distance between the points of intersection of the diagonal lines of the rectangles that en-
compass the target regions (Ihara 1996). Another alternative is economic distance that takes into ac-
count traveling time, transportation costs, etc. (internal data compiled by the Measurement Section of 
the Planning Bureau of the Economic Planning Agency, cited by Kaneko [1967]). The distance metric 
adopted in this study is something of a hybrid between these types. 
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Table 3. Population-Weighted Average Distance Employed to Estimate Parameters 

 
Note: Calculated by the author based on the 2005 Population Census (MIC) using the Google 

Map route search service. 
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         (18) 

Wherein pa is the population in city a and pb is the population in city b. 
 

In this study, the 2005 Inter-Regional Input-Output Tables compiled by the Ministry 
of Economy, Trade and Industry (METI) have been used to estimate the parameters. These 
tables represent inter-regional input-output data including cross hauling, and divide the en-
tire area of Japan into nine regions: Hokkaido, Tohoku, Kanto, Chubu, Kinki, Chugoku, 
Shikoku, Kyushu, and Okinawa. When calculating the inter-regional distance, the three 
most populous cities are selected for each region (with the exception of Okinawa), and the 
distance between these selected cities is calculated on the basis of the time distance between 
the locations of their city halls using the Google Map route search service.13 The distances 
between the regions are as indicated in Table 3. 

In this study, formula (17) has been estimated using a Tobit model, using the outflow 
and gross regional demand provided in the 2005 Inter-Regional Input-Output Tables as well 
as the regional distance indicated in Table 3. The estimation results are as indicated in Table 
4. A one-to-one concordance does not exist for all sectors between the multi-regional in-
put-output tables for the Kumamoto urban area (which this study attempts to estimate) and 
the Inter-Regional Input-Output Tables compiled by METI because the level of aggregation 
by sector is higher in the METI tables. Accordingly, if two or more sectors in the in-
put-output tables estimated in this study correspond to a given sector in the METI tables, a 
common parameter is applied to these sectors. 
                                                           

13 Although this study adopts time distance measured by car travel, it is possible to use data related 
to other forms of transportation, such as trains. 
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Table 4. Results of Estimation Using a Tobit Model 
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Table 4 (Continued) 

 
Notes: 1. Figures in parentheses are standard errors. 

2. Level of statistical significance: *** at 1%, ** at 5%, and * at 10%. 
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Table 5. Population-Weighted Average Distance Employed to Estimate Inflow/Outflow 

 
Note: Calculated by the author based on the 2005 Population Census (MIC) and using 

the Google Map route search service 
 

According to formulas (13) to (15), as well as formula (17) which uses estimated pa-
rameters, inflow and outflow for each region are estimated. The inter-regional distances 
used in this estimate are as indicated in Table 5. 
 
3. Consideration of Employment Coefficients 

In order to estimate the number of employees or number of employed persons at work 
by sector in accordance with multi-regional input-output tables focused on the Kumamoto 
urban area, this study uses the employment tables supplemented to the existing input-output 
tables. In this study, the value of trade in the input-output tables has been estimated on the 
assumption that the production technology (the input coefficient and the rate of gross value 
added) applied to each sector is the same in all areas in Kumamoto Prefecture. Accordingly, 
it may be possible to consider the number of employees or employed persons at work nec-
essary for a unit of production (employment coefficient) to be the same in all areas, and thus, 
it may make sense to use the publicly available employment tables.14 

Specifically, the employment tables appended to the Input-Output Tables for Japan 
and those appended to the Input-Output Tables for Kumamoto Prefecture have been used. 
For both the Kumamoto urban area and the other areas of Kumamoto, the employment co-
efficient according to sector calculated based on the employment tables of the Input-Output 
Tables for Kumamoto Prefecture have been used. The number of employees (employed 
persons at work) according to sector for areas of Japan other than Kumamoto Prefecture is 
obtained by deducting the data in the employment tables of the Input-Output Tables for 
Kumamoto Prefecture from the data in the employment tables of the Input-Output Tables 

                                                           
14 Another approach would be to use the Population Census compiled by MIC, considering that it 

is relatively easy to compare this data set with other labor statistics and that this data set is capable of 
accurately indicating labor administration. As this study based its estimates on the Population Census 
as well, any person who needs the relevant information may feel free to inquire of the author. Nakano 
(2011) explains the method used to estimate the employment tables in accordance with the in-
put-output tables through an approach compatible with the Population Census, although the targeted 
regions were the regional blocks governed by the bureaus of economy, trade and industry, which are 
larger than the regions targeted in this study. 
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for Japan. This estimation method is simple and clear, and also consistent with the concept 
of input-output tables compiled on the basis of activity, but it has two problems. The first is 
that the level of aggregation by sectoral classification is somewhat higher in the employ-
ment tables of the Input-Output Tables for Kumamoto Prefecture. While the value of trade 
tables—the most detailed of the publicly available tables among the Input-Output Tables for 
Kumamoto Prefecture—are divided into 108 sectors, the publicly available employment 
tables have 33 sectors. Accordingly, the amount of induced production estimated separately 
for the 108 sectors is first aggregated into the 33 sectors and then multiplied by the sectoral 
employment coefficient, which could result in reducing the amount of information initially 
obtained. Another problem is double counting of the number of persons in the employment 
tables. When the number of employees or employed persons at work is aggregated in the 
employment tables, a single person who is engaged in two or more production activities is 
counted in each of the sectors in which he/she is engaged in accordance with the concept of 
activity, thus resulting in double counting. As a result, the amount of induced employment 
is likely to exceed the actual labor demand when it is measured by means of the employ-
ment coefficient calculated based on the publicly available employment tables. 

The employment coefficient calculated by sector is indicated in Table 6.15 
 

IV. Simulations of Employment Inducement16 
 

1. Induced Employment per Unit of Regional Final Demand 
It may be possible to estimate the amount of induced employment by means of for-

mulas (6) and (7) for each policy or plan to be evaluated. However, if the amount of in-
duced employment per unit of regional final demand according to sector (per one million 
yen) is calculated beforehand, it is possible to measure the amount of induced employment 
as necessary by a simple method; by multiplying the amount of investment according to  

                                                           
15 Based on the employment tables appended to the input-output tables, the employment coeffi-

cient for areas of Japan other than Kumamoto Prefecture is estimated by dividing the number of em-
ployees (employed persons at work) for the 105 sectors in the nationwide input-output tables by the 
amount of domestic production. The amount of induced employment is measured by first calculating 
the amounts separately for the 105 sectors and then aggregating the amounts into the 33 sectors used 
in the publicly available employment tables. 

16 To understand the amount of induced employment estimated by the method discussed in this 
subsection, attention should be paid to the following two points. The first point relates to the number 
of working hours. When production activities are induced, enterprises do not immediately increase 
employment; they first increase the number of hours of overtime work for their current workforces. 
The second point is that the amount of induced employment increases with final demand, which in 
turns increases expenses, and if the increased expenses are to be covered by public funds, the fiscal 
balance should be taken into consideration. The author has provided a simple estimate of the increased 
tax revenues arising from the increase in final demand. Any person who needs the relevant infor-
mation may feel free to inquire of the author. 
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Table 6. Employment Coefficient by Sector 

 
Note: Calculated by the author based on the Input-Output Tables for Kumamoto Prefecture. 
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sector by the amount of induced employment per unit, for example.17 In addition, through 
comparison of the amounts of induced employment per unit in different sectors, it is possi-
ble to see which sector has an advantage in inducing employment in the region. 

From this standpoint, the amount of induced employment per unit of regional final  
demand according to sector is indicated in Supplementary Tables 1 and 2. Supplementary 
Table 1 (pp. 131–33) shows the amount of employment induced by one unit of regional 
final demand according to sector generated in the Kumamoto urban area, according to em-
ployment status (employees/employed persons at work) and according to region (Kumamo-
to urban area/other areas of Kumamoto/areas of Japan other than Kumamoto Prefecture). 
Supplementary Table 2 (pp. 134–36) shows the amount of employment induced by one unit 
of regional final demand according to sector generated in the other areas of Kumamoto. 
Specifically, these tables can be read as follows. When one unit of demand for general in-
dustrial machinery is generated by plant and equipment investment in the Kumamoto urban 
area, it induces employment for 0.048 persons (employees other than paid executives) in the 
Kumamoto urban area, while at the same time inducing employment for 0.001 persons in 
the other areas of Kumamoto and 0.039 persons in areas of Japan other than Kumamoto 
Prefecture, leading to a total induced employment for 0.089 persons nationwide. 

 
2. Target for Employment Inducement through Invitation of Enterprises 

When an enterprise is invited to move to Kumamoto Prefecture, a location agreement 
is reached among the enterprise, Kumamoto Prefecture, and the municipality that governs 
the location of the enterprise’s new business establishment, and the target number of new 
employees and the target amount of investment to be induced are determined. As these fig-
ures are set as targets, they do not always coincide with the actual figures, but they at least 
provide a rough estimate of the scale of the invited enterprise. Table 7 shows the number of 
enterprises recently invited to move to Kumamoto Prefecture and their target numbers of 
new employees and target amounts of investment. 

This subsection describes the measurement of the amount of employment induced by 
the successful invitation of enterprises in the Kumamoto urban area, which is roughly di-
vided into two types: employment induced by plant and equipment investment which is a 
temporary factor such as construction demand, and employment induced by ordinary pro-
duction activities. 

The factor to be used to estimate the amount of the former type of induced employ-
ment is the average target amount of investment induced by the invitation of enterprises 
over approximately the past ten years (Table 7). Since most manufacturing establishments 
which have moved to Kumamoto Prefecture are related to semiconductors and transportation 
equipment, it is assumed that multiple manufacturers of semiconductor-making equipment  

                                                           
17 To be precise, if the amount of final demand is indicated by the purchaser price rather than the 

producer price, it needs to be converted into an amount based on the producer price. 
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Table 7. Number of Enterprises Recently Invited to Move to Kumamoto Prefecture 

 
Source: Enterprise Location Division, New Industry Promotion Bureau, Commerce, Manufacturing 

and Tourism Department, Kumamoto Prefecture. 
Notes: 1. The numbers include both new establishments and expansions of existing establishments. 

2. The data for FY2011 is as of the end of December 2011. 
 
make the same amounts of plant and equipment investment as the average target amount of 
investment. As the average target amount of investment shown in Table 7 is the total 
amount of investment, it needs to be divided by type of goods for this measurement. Semi-
conductor-making equipment, which is taken as an example, is classified as special indus-
trial machinery in the input-output tables estimated in this study. Accordingly, the distribu-
tion ratio according to type of investment goods is calculated in relation to an investor 
which belongs to the special industrial machinery sector in the fixed capital matrix (private) 
supplemented to the nationwide input-output tables, and the total amount of investment is 
multiplied by this ratio.18 The amount of induced employment can be measured by assign-
ing the amount of plant and equipment investment thus calculated according to type of in-
vestment goods to formulas (6) and (7) or by multiplying this amount by the amount of in-
duced employment per unit shown in Supplementary Tables 1 and 2. 

To estimate the amount of employment induced by ordinary production activities car-
ried out at an establishment invited to move to a certain region, information concerning the 
scale of such production activities is a prerequisite factor. However, it is difficult to estimate 

                                                           
18 Using the distribution ratio of a fixed capital matrix means assuming the national average of in-

vestment activities carried out in the investor’s sector in 2005, including construction of new estab-
lishments and expansions of existing establishments. The description given here does not assume any 
specific investment project because it only provides an example of calculation. If the amount of in-
vestment according to type of investment goods is known, such data can be used for calculation. 
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the value of production to be generated from such activities at an establishment not yet in 
operation, irrespective of whether it is newly constructed or an expansion of an existing 
establishment.19 Therefore, the amount of induced employment is estimated by calculating 
the value of shipments per establishment which has already moved to Kumamoto Prefecture 
and then multiplying this value by the average number (18) of invited enterprises as shown 
in Table 7. According to the preliminary data from 2010 Census of Manufactures compiled 
by METI, 255 manufacturing establishments were invited to move to Kumamoto Prefecture 
and the total shipments of these establishments amounted to 1.544 trillion yen.20 The value 
of shipments per establishment may depend on the industry or scale of the establishment. 
The average for the manufacturing industry as a whole is used here as an approximation. 
The estimated value of production is determined by compiling all of this data, but this value 
cannot immediately be assigned to the model defined in Section II because production, un-
like investment, is not final demand. Therefore, this study employs a simple calculation 
method generally adopted by prefectures, in which an inverse matrix is modified to make 
the sector subject to estimation exogenous (excluding the indirect influence of other sec-
tors).21 Specifically, the value of production relating to the production activities carried out 
in a given region and sector is estimated by: (i) extracting a row for the region and sector 
from the inverse matrix represented by formula (3) (for example, special industrial machin-
ery in the Kumamoto urban area); (ii) dividing the inverse matrix coefficients listed in this 
row by the factor for the region and sector; and (iii) multiplying the results by the estimated 
value of production (in special industrial machinery). Finally, the amount of employment 
induced by ordinary production activities can be estimated by multiplying the value of pro-
duction by region and sector by the employment coefficient. 

Table 8 shows the amount of employment induced by semiconductor-making equip-
ment manufacturing establishments invited to move to the Kumamoto urban area, as esti-
mated through the abovementioned process. In the Kumamoto urban area, where business 
establishments have been constructed as a result of investment activities, employment of 
about 4,380 persons (excluding paid executives) is induced, and by way of the repercus-
sions between regions, this leads to induced employment of about 170 persons in the other 
areas of Kumamoto and of about 1,860 persons in areas of Japan other than Kumamoto 
Prefecture, respectively. On the other hand, ordinary production activities in the Kumamoto 
urban area induced employment of about 6,870 persons in the Kumamoto urban area, about  
                                                           

19 Naturally, enterprises specify the production scale they intend to achieve by means of the plant 
and the equipment to be constructed in their investment plans. If this information is available before-
hand, a more precise estimate will be possible. However, it should be noted that how the new or ex-
panded plant and equipment will actually be operated is uncertain at the time of estimation. 

20 Data published by the Enterprise Location Division, New Industry Promotion Bureau, Com-
merce, Manufacturing and Tourism Department, Kumamoto Prefecture. 

21 For examples, see the reference published by Miyazaki Prefecture, titled “Plain Input-Output 
Analysis: Case Analysis Using Simple Analytical Data (in Japanese),” available at: 
http://www.pref.miyazaki.lg.jp/contents/org/honbu/toukei/sangyo/tebikisyo.html. 
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Table 8. Amount of Employment Induced by Semiconductor-Making Equipment  
Manufacturing Establishments Invited to Move to the Kumamoto Urban 
Area 

 
Note: Compiled by the author based on the assumptions given in Section IV, using the multi-regional 

input-output tables and employment coefficients estimated in this study. 
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240 persons in the other areas of Kumamoto, and about 1,840 persons in areas of Japan oth-
er than Kumamoto Prefecture. 
 
3. Increase in Demand in Growth Fields 

The New Growth Strategy decided on by the cabinet on June 18, 2010, has selected 
fields with growth potential, such as “environment,” “health,” “Asia,” and “tourism,” and 
has set medium-term targets for the market size and number of jobs to be created in these 
respective fields. As these targets are set on a nationwide basis, Nakano (2011) estimated 
the target potential for employment inducement according to regional block and also ac-
cording to prefecture in a simpler version. This study attempts more detailed, munici-
pal-level estimates, for areas such as the Kumamoto urban area and the other areas of Ku-
mamoto, focusing on the environmental- and health-related fields. 

 
(1) Environmental-Related Field 

The national target for this field is to create over 50 trillion yen in new environmen-
tal-related markets by 2020. As was done by Nakano (2011), this study estimates the market 
size in this field according to the sector classifications in the input-output tables and divides 
it into three regions and 108 sectors subject to analysis. The national target is set without 
taking into account any decrease in final demand for products manufactured using conven-
tional technology due to the replacement with products manufactured using newly intro-
duced technology. As a reference value, this study also estimates the amount of induced 
employment while taking into account the negative impact of such a replacement of prod-
ucts. The indicators for proportional distribution for division according to region and sector 
are as indicated in Table 9. With regard to the potential for the introduction of renewable 
energy, only data for Kumamoto Prefecture as a whole is available. Therefore, this data is 
divided and assigned evenly to the Kumamoto urban area and the other areas of Kumamoto.22 

The estimated final demand without taking into account the negative impact of the 
replacement of products is about 330 billion yen in the Kumamoto urban area, about 170 
billion yen in the other areas of Kumamoto, and about 49.49 trillion yen in areas of Japan 
other than Kumamoto Prefecture. With this impact taken into account, the estimated final 
demand is about 150 billion yen in the Kumamoto urban area, about 120 billion yen in the 
other areas of Kumamoto, and about 26.73 trillion yen in areas of Japan other than Kuma-
moto Prefecture. 

 
(2) Health-Related Field (Medical and Nursing Care) 

With regard to the health-related field, which consists of medical and nursing care, 
health services, and state-of-the-art medical technology, the national target is to create 50  
                                                           

22 With regard to geothermal power generation, the data for Kumamoto Prefecture as a whole has 
been assigned to areas of Kumamoto other than the urban area, where Kurokawa Hot Spring is locat-
ed. 



I-O Tables Estimation and Employment Inducement Simulations for Small Regions 

127 

Table 9. Indicators for Proportional Distribution to Divide the Size of New Markets  
(Final Demand) in the Environmental Field 
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trillion yen in new markets by 2020, of which the medical and nursing care markets will 
amount to 37 trillion yen. Final demand is divided between medical and nursing care in ac-
cordance with the ratio between the costs for medical and nursing care as of 2025 based on 
the B2 Scenario in the Simulations of Medical and Nursing Care Costs for Discussions at 
the National Council on Social Security,23 thereby estimating final demand for each of the 
three regions subject to analysis. Medical and nursing care costs  are estimated according 
to region using the estimation approach employed in creating the abovementioned simula-
tions using the data on population projections according to municipality extracted from the 
Population Projections for Japan by Municipality, compiled by the National Institute of 
Population and Social Security Research (December 2008). The estimated final demand is 
about 310 billion yen in the Kumamoto urban area, about 250 billion yen in the other areas 
of Kumamoto, and about 36.44 trillion yen in areas of Japan other than Kumamoto Prefecture. 

Table 10 shows simulation results of employment inducement based on the target 
sizes of the new markets specified in the New Growth Strategy. The amount of induced 
employment (excluding paid executives) in the environmental field (without replacement of 
products) is about 10,000 persons in the Kumamoto urban area, about 5,000 persons in the 
other areas of Kumamoto, and about 1,385,000 persons in areas of Japan other than Kuma-
moto Prefecture. The amount in the Kumamoto urban area and the other areas of Kumamo-
to accounts for about 2% of the total number of employees in 2005 (including paid execu-
tives).24 Even in the same environmental field, regional differences can be observed in rela-
tion to sectors where a large amount of employment is induced, depending on industrial 
structure or final demand structure. 

The amount of induced employment estimated as a reference value taking into ac-
count the negative impact of the replacement of products manufactured using conventional 
technology is about 6,000 persons in the Kumamoto urban area, about 3,000 persons in the 
other areas of Kumamoto, and about 739,000 persons in areas of Japan other than Kuma-
moto Prefecture—nearly half the amount estimated without such replacement. The amount 
is smaller in transportation equipment, but is large in sectors such as construction and elec-
trical machinery with or without such replacement. 

The amount of induced employment in the field of medical and nursing care is about 
26,000 persons in the Kumamoto urban area, about 13,000 persons in the other areas of 
Kumamoto, and about 2,569,000 persons in areas of Japan other than Kumamoto. The 
amount in the Kumamoto urban area and the other areas of Kumamoto accounts for about 
5% of the number of employees in 2005 (including paid executives). 

                                                           
23 Using the B2 Scenario, estimation results are provided based on multiple assumptions. In this 

study, by calculating a simple average of these results, it is found that medical care costs are about 2.8 
times those in relation to nursing care. 

24 The unemployment rate may be used as an indicator to understand this value. According to the 
model estimates by prefecture based on the Labor Force Survey compiled by MIC, the unemployment 
rate in Kumamoto Prefecture was 4.5% in 2005 and 4.8% in 2010. 
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Table 10. Amount of Induced Employment According to Sector, Estimated Based on the Target Sizes  
of the New Markets Specified in the New Growth Strategy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Compiled by the author based on the assumptions given in Section IV, using the multi-regional input-output tables and employment coeffi-
cients estimated in this study. 
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V. Conclusion 
 
This study has attempted to develop and propose an approach for estimating regional 

input-output tables and simulate employment inducement through the use of such tables, as 
a tool to be used by relatively small local governments in drafting visions or comprehensive 
strategies for job creation incorporating specific numerical targets. As an example case, this 
study actually estimated multi-regional input-output tables for the Kumamoto urban area, 
which covers multiple municipalities, but the same approach can be applied when estimat-
ing input-output tables for a single municipality.25 Thus, once input-output tables for a 
given region have been estimated and the corresponding employment tables compiled, the 
amount of induced employment can be measured by assigning the planned or expected data 
relating to final demand and production activities, such as investment and consumption, to 
an input-output model. In order to understand the estimation results, however, it is neces-
sary to give due consideration to adjustment in terms of the number of working hours and 
the fiscal balance. 

Although this study does not evaluate job creation measures, it may be possible to 
compare multiple such measures in terms of efficiency by calculating the ratio between 
their costs (final demand) and benefits (induced employment) taking their tax revenues into 
consideration. Considering that the amount of induced employment in a particular region is 
determined by the size and structure of final demand, with the industrial and technical 
structures of the region as given factors, it can provide clues during the process of exploring 
the job creation measures suitable for the region—that is, the size and structure of final de-
mand achieved by these measures. 

There may be an argument that the amount of employment that will be induced in the 
future cannot be estimated on the basis of current technical and industrial structures because 
new technologies or goods will become available. If it is possible to assume the cost struc-
ture of a new technology or the market structure for new goods in data form beforehand, 
that problem can be overcome by putting it into the rows and columns of the input-output 
tables estimated in this study. It may also be possible to deduce future structural changes 
from an economic model using these estimated tables as part of the data, but it would be 
difficult to obtain valid estimation results without choosing a technology based on the 
abovementioned information. A similar problem is the difficulty of estimating the level of 
future improvement in man-hour-based labor productivity. If basic data is unavailable, there 
would be no other way but to conduct a sensitivity analysis assuming multiple rates of 
change in productivity based on the historical data. How to link the static estimate achieved 
in this study to dynamic estimates is an issue that remains to be studied in the future. 

 
                                                           

25 What is more, while this study divides Japan into three regions—namely, the Kumamoto urban 
area and the other areas of Kumamoto and areas other than Kumamoto Prefecture—in order to make 
its estimates, further division may be possible. 
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Supplementary Table 1. Amount of Induced Employment per Unit of Regional Final  
Demand in the Kumamoto Urban Area, According to Sector 
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Supplementary Table 1 (Continued) 
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Supplementary Table 1 (Continued) 
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Supplementary Table 2. Amount of Induced Employment per Unit of Regional Final  
Demand in the Areas of Kumamoto Other Than the Kuma-
moto Urban Area, by Sector 
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Supplementary Table 2 (Continued) 
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Supplementary Table 2 (Continued) 
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