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Abstract: The purpose of this study is to analyse the influences of information
and communication technology (ICT) on the structural changes of Japanese
energy sectors from 1985-2005. In this study, ICT is represented by two
explanatory variables, namely: 1) computers, main parts and accessories;
2) telecommunications equipment. We employ a statistical tool in investigating
the influences quantitatively, namely constrained multivariate regression
(CMR) model. Likelihood ratio test (LRT) method is applied in order to test the
statistical significance of estimators in the fitted model. In this study, we focus
on: 1) coal mining, crude petroleum, and natural gas; 2) petroleum refinery
products; 3) coal products sectors. We then conduct the deeper analysis, the
microscopic analysis, for each analysed sector. The results show that the
explanatory variables gave the significant influences on the structural changes
of analysed sectors during the period of the analysis. Besides, the results also
describe that, in microscopic investigation, ICT instruments had a strong
influence on the relationship between analysed and other sectors during
1985-2005.
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1 Introduction

Komala and Prasad (2014) argued that the key component determines the economic
development of all sectors in any region is energy. Wu et al. (2014) described that the
material basis of the development of the national economy is energy. In the more specific
discussion, Ng et al. (2014) explained that the essential source of the renewable energy
for the future in many countries is a solar energy. These arguments emphasise that, today,
energy is an important aspect in the society.

Another important aspect in the human life is technology. One of the frequently used
technologies is information and communication technology (ICT). The evidence is, we
frequently see people using phones, fixed line and mobile, when they communicate with
others. The similar pattern can be observed in the use of the internet and computer.
Almost all aspects of the modern society depend on these tools. In other words, internet
and computer have become powerful instruments for both micro and macro level
activities.

There are many previous studies connected energy and industry in one discussion.
For example, Lu et al. (2013) investigated the current efficiency and situation of the new
energy vehicle in the market of China. Sireli and Ozan (2013) examined the possibility of
the electric utilities’ transfer of US from closed to open systems, while taking actions
towards the orientation of the new market. Besides, Zuhdi and Mori (2012) analysed the
structural changes of Indonesian energy sectors from 1990to 2005 using structural
decomposition analysis (SDA), one of the analysis tools in input-output (I0) analysis.
They also conducted the international comparison between Indonesia and Japan in order
to know the uniqueness on the pattern of the gross output change and decomposition
factors value of the energy sectors of these analysed countries.

On the other hand, Zuhdi (2014) discussed the efforts to increase the total output of
Japanese energy sectors in the future using 10 analysis. More specifically, he employed a
demand-pull IO quantity model as an analysis instrument. The study investigates the
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relationship between ICT and the energy sectors of the specific country, however, is still
limited. This study is conducted in order to bridge the gap.

The study which the topic is close with the investigation was done by Stallo et al.
(2010). They reviewed the possible applications of ICTs to the sector of the renewable
energy. Authors argue that ICT affects the energy sectors because it can improve the
efficiency of these sectors when they conduct their business activities. Further, this
enhancement will increase the performance of the sectors. Based on this explanation, the
further investigation regarding the relationship is important because it can open the
opportunity to improve the performance of the sectors through ICT.

The purpose of this study is to analyse the influences of ICT on the structural changes
of the energy sectors of the specific country. In this study, we focus on Japan. The period
of the analysis of this study is from 1985-2005. We use the statistical analysis in order to
achieve the objective. This paper is organised as follows. Section 2 describes in more
details the previous works which the topic is related to the energy issues. The
methodology of this study is explained on the Section 3. The calculation results and
analysis of these outputs are elaborated on the Section 4. The final section explains the
conclusions of this study and suggestions for the further research.

2 Literature review

This section explains in more details the previous works which the main topic is energy.
For instance, Andersson et al. (2014) addressed the uncertainty which is related to the
future cash flows in the projects of the hydropower upgrade, and determined the optimal
investment time and capacity choice by using the analysis of real options. Barty et al.
(2014) conducted a sensitivity analysis of the problem of the electricity production when
the integer parameters describing the outages scheduling were set. Fertig et al. (2014)
investigated how the system of the pumped hydropower storage can operate in the market
of Germany to maximise gains given the expectations of the increasing spot price
volatility.

Gourtani et al. (2014) explained the stochastic programming framework of the
multi-objective two-stage bilevel model for a dominant electricity producer to decide
an optimal trading strategy in the market of the deregulated electricity spot in a
medium-term time horizon. Granado et al. (2014) evaluated the energy storage value for
domestic houses in the existence of the renewable micro generation such as solar
collectors and small wind turbines. Scharff et al. (2014) presented an overview of the
decision-making process of the power generating enterprise on the market of Nordic
electricity, and described how the uncertainties impacted this process.

Schroder (2014) explained a model of the electricity dispatch with the expansion of
the endogenous electricity generation capacity for Germany from 2010-2035. The target
of this previous study was to quantify how the fuel and carbon price risk affect the
investment incentives of the plants of the thermal power. Zéphyr et al. (2014)
investigated the adaptive version of progressive hedging algorithm (PHA), as an option
for the classical version. They explained that, in principle, the classical algorithm can be
ameliorated in the terms of:

1  the rate of the convergence

2 the iterations number.
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Babrowski et al. (2014) analysed the advantages and disadvantages of optimising energy
system models using the approaches of the myopic instead of perfect foresight
approaches. Bourne et al. (2013) developed the model of the techno-economic that
provides the initial evaluation of the wind energy potential of a site bypassing the
complex numerical weather prediction models. Their study focused on the city of
Adelaide, Australia. Besides, Giirbiiz et al. (2013) predicted the net energy consumption
(NEC) of Turkey using the approaches of classical and neural networks based on a
meta-heuristic algorithm which is known as the artificial bee colony (ABC) algorithm.

On the other hand, one of the purposes of the study which was conducted by Cremer
et al. (2003) is, qualitatively and quantitatively, to analyse the direct and indirect impacts
of ICT appliances, services, and systems on the consumption of energy in Germany. They
employed a bottom-up approach as a tool of the analysis. Khayyat et al. (2014) examined
the changes of the productivity in Japan and South Korea during 1973-2006 and
1980-2009, respectively, in order to measure how investment in ICT affects the demand
of energy. They employed and extended the model of the dynamic factor demand in their
work. From above explanations we can argue that the contribution of ICT on the energy
sectors has not been discussed widely in the existing literatures although the rapid
progress and influences of this technology on the economy and society can be seen
clearly.

3 Methodology

As mentioned in the Section 1, the purpose of this study is to investigate the influences of
ICT on Japanese energy sector’s structural changes from 1985-2005. We employ a
statistical tool in conducting the empirical analysis. In this study, ICT is represented by
ICT stocks. Japanese 1O tables for 1985, 1990, 1995, 2000, and 2005 are used as data of
this study. The tables for 1985 and 1990 are obtained from the Management and
Coordination Agency Government of Japan (1989, 1994), respectively. On the other
hand, the others tables are gotten from the website of Japanese Ministry of Internal
Affairs and Communications (n.d.b).

The methodology of this study refers to the previous study which was conducted by
Zuhdi et al. (2013). This methodology is described as follows. First, we do the
aggregation process for above 10 tables to get the same industrial sectors number. The
number of Japanese industrial sectors for above years was 84, 91, 93, 104, and 108,
respectively. These sectors are reclassified into the 78 industries. A detailed description
of these sectors is given in Appendix 1. Japanese energy sectors used in this study are
explained in Table 1.

Table 1 Japanese energy sectors used in this study
No. Sector name Sector number
1 Coal mining, crude petroleum, and natural gas 8
2 Petroleum refinery products 26

3 Coal products 27
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The next step is to do the calculation in order to get the 10 coefficient matrices for each
year in the analysis period. Miller and Blair (2009) explained that this coefficient is
obtained by applying the following equation:

ay=— (1)

where ay, z;, and X; are the input needed by sector j from sector i to produce one unit of
the product, the inter-industry sales by sector i to sector j, and the total production of the
sector j, respectively. Further, a;; represents the 1O coefficient from sector i to sector /.

Third, we calculate the influences of the explanatory variables which describe ICT
stocks, computers (main parts and accessories) and telecommunications equipment, on
the structural changes of Japanese industrial sectors. These changes are represented by
the dynamic changes in the 10 coefficient vectors of these sectors which are extracted
from the IO tables. We use the model which was developed by Zuhdi et al. (2013),
constrained multivariate regression (CMR) model, in conducting the calculation. The data
of the variables are obtained from the website of Japanese Ministry of Internal Affairs
and Communications (n.d.a). As with the main data, the data of the variables for 1985,
1990, 1995, 2000, and 2005 are used in this study.

The details description of the model is described as follows. In the beginning, the
years of the analysis are defined as T. In this study, we define 1985, 1990, 1995, 2000,
and 2005 as T. Thus, we can define the data represents Japanese industrial structure
changes, 10 coefficient matrices, as a(f) t = 1...T. Further, in the calculation, the vectors
of 10 coefficient are used. In other words, in this study, the model is applied to each
industrial sector of Japan through its IO coefficient. The explanatory variables used can
be described as x(k, t) k= 1...k. The following mathematical model, the representation of
the CMR model, is employed as an elaboration of a(?):

a(i, t) = b0(i) + Zk b(i, k)yxx(k, t)+e(i, )
a(i, 1) =0, Zia(i, )=1.0 2)

where b0(i) and b(i, k) describe the regression coefficients of the model. Because the
coefficients are non-negative, and these summations should be unity by definition, the
constraints among estimators are imposed. On the other hand, e(i, #) describes the
difference of original and estimated values. By the least square method,

. . .
min. zi Zt e(i, t)*, one can obtain the parameters.

Fourth, we test the statistical significance of estimators in the fitted model using the
likelihood ratio test (LRT) method. This method is based on the calculation formula of
—2N(n S — In Sy), where N and S are the numbers of data, and the results of the
performance function optimisation, respectively. N is given by K x M x T where K, M,
and 7 are the number of sectors which give the input for the discussed sector(s), the
number of the discussed sector(s), and the numbers of periods, respectively. The degree
of freedom is given by (K — 1) x M x [the number(s) of the removed explanatory
variable(s)]. The statistical significance of the explanatory variable is given by the
formula which follows the 2 distribution. In this study, we take 0.05 as the level of
significance. Therefore, we use the 0.05 level of the y2 distribution in conducting the test.
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In this study, we use the combination of explanatory variables when applying the method.
Thus, the value of the degree of freedom used in this study is 78 x 1 x 2 =156.

The cut-off score for the statistical significance in this study is 25 (156) = 185.86.
We use this score to investigate the statistical significance of explanatory variables on the
Japanese industrial sectors. The combination of these variables is called to significantly
influence a specific sector if its significance score is greater than the cut-off score. In this
study, three null hypotheses are used to emphasise the results of the test, namely:

e  Hypothesis 1: computers and telecommunications equipment jointly had no influence
on the structural change of the Japanese coal mining, crude petroleum, and natural
gas sector from 1985-2005.

e  Hypothesis 2: computers and telecommunications equipment jointly had no influence
on the structural change of the Japanese petroleum refinery products sector from
1985-2005.

e  Hypothesis 3: computers and telecommunications equipment jointly had no influence
on the structural change of the Japanese coal products sector from 1985-2005.

Previous calculation steps can be simplified as follows. In the beginning, we describe the
original data of the five points period of the 10 coefficient matrices of 78 Japanese
industrial sectors as A(¢, i, j). The vectors of explanatory variables, Ex_x(k, ), are used as
the source of influences for the data. We use the CMR model which was developed by
Zuhdi et al. (2013) in order to calculate the influences of these variables on Japanese
industrial structural changes in the analysis period. We then describe the influenced
original 10 coefficient matrices as estimated 10 coefficient matrices, 4_est(t, i, j). In this
study, the general algebraic modelling system (GAMS) software, the software for
analysing the high level modelling system for optimisation and mathematical
programming (GAMS, n.d.), is used in order to conduct the calculation'. The test using
LRT method is done in the next step. The purpose of this test is to know the statistical
significance of estimators in the fitted model. In this study, we use the combination of
explanatory variables when implementing this method. Three null hypotheses are
employed to emphasise the results of the test.

Fifth, we conduct the deeper analysis, the microscopic analysis, for the analysed
sectors. We calculate the standard deviation of the original 10 coefficients of these
sectors as a first step of this analysis. The computation for the estimated IO coefficients is
ignored because the results of this computation generally follow the previous one. The
purpose of the calculation is to know the magnitude of the changes of original 10
coefficients on the period of the analysis. For each discussed sector, we choose the top
ten coefficients viewed from the standard deviation value. The standard deviation values
of these coefficients are simultaneously higher than the internal average values. The
coefficients represent the inputs which have the dynamic change. From the coefficients
we choose the one which have an increasing pattern on the original data as a target for the
analysis. The coefficients of the variation, and the amount of the correlation (R) are used
to gain the deeper insights regarding the influences of the variables on the focused
sectors. After finishing the analysis section, we describe the conclusions of this study,
and further researches which are suggested from this study.
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4 Results and analysis

4.1 LRT calculation results

Table 2 describes the summary of the LRT calculation for this study. From the
information in this table, we can argue that the combination of explanatory variables used
in this study had the significant influences on the structural changes of all Japanese
energy sectors on the period of the analysis. Therefore, we reject all null hypotheses.

Table 2 The summary of the LRT calculation

The statistical significance

No. Sector name (x2) of the combination of The influence of explanatory

explanatory variables variables
1 Coal mining, crude 943.20 Significant
petroleum, and natural gas
2 Petroleum refinery products 519.86 Significant
3 Coal products 1581.89 Significant

From Table 2 we can also see that the sector which gets the highest influence from the
combination is the coal products. On the other hand, the lowest influence value is owned
by the petroleum refinery products sector. The discussions about the influences of
explanatory variables used in this study on the analysed sectors in micro level can be seen
on the following sub-section.

4.2 Microscopic analysis

4.2.1 The sector of coal mining, crude petroleum, and natural gas

Table 3 describes the top ten original 1O coefficients of the coal mining, crude petroleum,
and natural gas sector viewed from the value of the standard deviation during 1985-2005.
From the information in this table, we can argue that the most dynamic input is the input
from the business services and office supplies sector, sector number 77. We choose e s,
the 10 coefficient describes the input from finance and insurance to coal mining, crude
petroleum, and natural gas sectors, as a source of the analysis because this coefficient had
an increasing pattern in the analysis period.

Figure 1 explains the changes of ag s from 1985-2005. Numbers in this figure, also
in other figures, represent the analysis years, namely 1985, 1990, 1995, 2000, and 2005,
respectively. Table 4 shows the coefficients of the variation of the original and estimated
values of the coefficient, and the correlation of these values on the analysis period. From
these results we can observe that our model well follow the historical changes. In other
words, we can argue that, during 1985-2005, the combination of explanatory variables
used in this study had a strong influence in g gs-
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Table 3 Top ten original IO coefficients of the coal mining, crude petroleum, and natural gas
sector viewed from the standard deviation value (1985-2005)

No. 1O coefficient Standard deviation Mean
1 7708 0.0255 0.0614
2 ass 08 0.0080 0.0730
3 0,08 0.0076 0.0492
4 4408 0.0076 0.0040
5 74,08 0.0070 0.0137
6 36,08 0.0056 0.0100
7 7208 0.0054 0.0211
8 an,08 0.0047 0.0162
9 s, 08 0.0044 0.0025
10 108 0.0040 0.0258

Figure 1 Changes in ag s from 1985-2005 (see online version for colours)
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Table 4 The coefficient of the variation of the original and estimated values of ag o3, and the
correlation (R) of both values (1985-2005)
The coefficients of the variation
Correlation
Original Estimated
0.155 0.145 0.939

The phenomenon in agps indicates that, during 1985-2005, ICT devices have
strengthened the relationship between coal mining, crude petroleum, and natural gas, and
finance and insurance sectors. The role of these devices in this relationship can be
described as follows. In this period, a flare-up condition was happened in the world
economic circumstances. This turbulent was happened especially because of the end of
Cold and Gulf wars. The increasing of the price of the crude oil before the end of these
wars was the evidence of the condition. The contribution of the finance and insurance



The influences of the ICT on the structural changes of Japanese energy sectors 209

sector to the coal mining, crude petroleum, and natural gas sector reaffirms that the
management of the primary energy supply in the global market during the analysis period
was complicated. ICT devices could support this management because it could increase
the security when the business transactions which involved energy were happened in this
period.

Besides, the quality and quantity of ICT tools significantly move forward over time.
For instance, internet has been expanded and penetrated very rapidly in 1990’s as the
price of personal computers went down rapidly. Clearly, the technological innovations
as well as the software development have influenced the business structures. The
consequence of these enhancements is the increasing of the intensity of the cooperation
between above sectors. In other words, during the analysis period, the relationship
between the industries became stronger because of the growth of ICT instruments.

4.2.2 The sector of petroleum refinery products

Table 5 shows the top ten original IO coefficients of the petroleum refinery products
sector viewed from the value of the standard deviation during 1985-2005. From the
information in this table, the most dynamic input is the input from the coal mining, crude
petroleum, and natural gas sector, sector number 8. We choose ags26, the IO coefficient
describes the input from storage facility service to petroleum refinery products sectors, as
a source of the analysis because this coefficient had an increasing pattern in the analysis
period.

Table 5 Top ten original IO coefficients of the petroleum refinery products sector viewed from
the standard deviation value (1985-2005)

No. 10 coefficient Standard deviation Mean
1 o326 0.1079 0.4996
2 2626 0.0140 0.0344
3 5926 0.0067 0.0130
4 60,26 0.0059 0.0144
5 6806 0.0047 0.0081
6 6626 0.0042 0.0089
7 a6 0.0033 0.0064
8 Q4426 0.0021 0.0009
9 Q4626 0.0018 0.0008
10 7426 0.0015 0.0031

Figure 2 explains the changes of aeg,6 from 1985-2005. Table 6 shows the coefficient of
the variation of the original and estimated values of this coefficient, and the correlation of
these values on the period of the analysis. From these results we can observe that our
model well follow the historical changes. In other words, we can argue that, during
1985-2005, the combination of explanatory variables used in this study had a strong
influence in @es 2.

The phenomenon in agg,6 indicates that, during 1985-2005, ICT tools have
strengthened the relationship between petroleum refinery products and storage facility
service sectors. The role of these tools in this relationship is described as follows. During
the analysis period, the petroleum refinery products sector needed places and assistances
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for keeping its outputs. In other words, the management of the energy security was an
important aspect in this period. Rapid price and political events changes in this period
reaffirmed this need. The storage facility service sector, as an outsider, could provide the
services. ICT tools could bridge the relationship because these devices could monitor the
commodities all day. Consequently, the safety of the products could be guaranteed.
Besides, using the tools, the condition of products could be easily checked.

Figure 2 Changes in agg 56 from 1985-2005 (see online version for colours)

0.0160

J
74

0.0120

0.0100

0.0080 —4— Original

/;//./ —8— Estimated
0.0060 /

0.0040 //
0.0020 /

0.0000

Input-Output  Coefficient

1 2 3 4 5

Table 6 The coefficients of the variation of the original and estimated values of aeg 56, and the
correlation (R) of both values (1985-2005)

The coefficients of the variation Correlation
Original Estimated
0.578 0.539 0.934

Quality and quantity of ICT devices will be better over time. The consequence of this
improvement is the increasing of the level of the cooperation between above industries.
In other words, the relationship between the sectors during the analysis period became
deeper because of the growth of the devices.

4.2.3 The sector of coal products

Table 7 shows the top ten original IO coefficients of the coal products sector viewed from
the value of the standard deviation during 1985-2005. From the information in this table,
the most dynamic input is the input from the coal mining, crude petroleum, and natural
gas sector, sector number 8. We choose asg 7, the 10 coefficient describes the input from
commerce to coal products sectors, as a source of the analysis because this coefficient
had an increasing pattern in the analysis period.
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Table 7 Top ten original 1O coefficients of the coal products sector viewed from the standard
deviation value (1985-2005)

No. 1O coefficient Standard deviation Mean
1 o327 0.0870 0.3623
2 727 0.0212 0.0676
3 asy o7 0.0164 0.0083
4 a7 0.0142 0.0837
5 Q6427 0.0126 0.0288
6 ar107 0.0117 0.0225
7 o7 0.0113 0.0491
8 6627 0.0097 0.0327
9 68,27 0.0065 0.0075
10 a2 0.0047 0.0021

Figure 3 Changes in asq,7 from 1985-2005 (see online version for colours)
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Table 8 The coefficients of the variation of the original and estimated values of asq,7, and the
correlation (R) of both values (1985-2005)

The coefficients of the variation )
Correlation

Original Estimated

0.230 0.202 0.871

Figure 3 explains the changes of asg,7 from 1985-2005. Table 8 shows the coefficients of
the variation of the original and estimated values of this coefficient, and the correlation of
these values on the period of the analysis. From these results we can observe that our
model well follow the historical changes. In other words, we can argue that, during
1985-2005, the combination of explanatory variables used in this study had a strong
influence in asg »7.
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The phenomenon in asyp; indicates that, during 1985-2005, ICT devices have
strengthened the relationship between coal products and commerce sectors. The role of
these devices in this relationship is described as follows. During the analysis period, the
coal products sector needed the media or field in order to market its outcomes. The
commerce sector, as an outsider, could provide this media. ICT devices could support this
relationship because these tools could make the process of the information exchange
between the sectors better.

Quality and quantity of ICT tools significantly move forward in the future period. The
consequence of this enhancement is the increasing of the level of business activities
between above sectors. In other words, during the analysis period, the relationship
between the industries became more robust because of the improvement of ICT
instruments.

5 Conclusions and further research

This study analysed the influences of ICT on the changes of the structure of Japanese
energy sectors from 1985-2005. In this study, ICT was represented by ICT capital stocks.
More specifically, ICT capital stocks were deputised by:

1 computers, main parts and accessories
2 telecommunications equipment.

These stocks were the representation of explanatory variables used in this study. Japanese
energy sectors used in this study were:

1 coal mining, crude petroleum, and natural gas
2 petroleum refinery products
3 coal products.

The CMR model was employed as an analysis instrument. The LRT method was used in
order to test the statistical significance of estimators in the fitted model.

In this study, we used the combination of the variables when conducting the
calculations. This study also conducted the hypothesis testing in order to emphasise the
results of the test. We then did the deeper analysis, the microscopic analysis, which
focused on the analysed sectors. The values of standard deviation, variation coefficients,
and correlation were used in order to get the deeper understanding regarding the
influences of the variables on these sectors.

The results showed that the combination of the variables, on the analysis period, gave
the significant influences on the structural changes of all Japanese energy sectors. The
biggest influence was received by the coal products sector while the petroleum refinery
products industry had the lowest influence value. Besides, the results also described that,
in the microscopic analysis, ICT instruments have strengthened the relationship between
analysed and other sectors from 1985-2005. In other words, during the analysis period,
the business activities between these industries became more robust because of the
improvement of these instruments.

This study could analyse the influences of ICT on the structural changes of Japanese
energy sectors from 1985-2005. The area of this study, however, should be broadened.
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For example, we can apply the methodology of this study to other sectors, such as
manufacture and education sectors, so the influences of ICT can be observed widely. This
broader analysis is a suggested further research from this study. Besides, the analysis of
the influences of ICT on the structural changes of Japanese industrial sectors which the
changes are represented by the dynamics in the capital formation coefficients will also be
an interesting further investigation.

The other suggested further research from this study is to extend the period of the
analysis in the analysed topic. The comparison between two different periods, for
example ‘before 2005’ and ‘after 2005°, can be done after conducting this extension. The
extension and this comparison will give a broader insight regarding the influences of ICT
on the structural changes of Japanese energy sectors.

Finally, conducting the international comparison in this topic is also the suggestion
for further research from this study. This comparison will reveal the characteristics of the
industrial structural changes of compared countries. Besides, this discussion will also
show the similarities and differences of the impacts of ICT on the industrial sectors of
analysed countries.
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Appendices
Appendix 1
Table A1  Japanese industrial sectors (78 sectors)
No. Sector name
1 Crop cultivation
2 Livestock
3 Agricultural services
4 Forestry
5 Fisheries
6 Metallic ores
7 Non-metallic ores
8 Coal mining, crude petroleum, and natural gas
9 Foods
10 Beverage
11 Feeds and organic fertiliser, n.e.c.
12 Tobacco
13 Textile products
14 Wearing apparel and other textile products
15 Timber and wooden products
16 Furniture and fixtures
17 Pulp and paper
18 Paper products
19 Publishing and printing
20 Chemical fertiliser
21 Basic industrial inorganic chemicals
22 Basic and intermediate chemical products
23 Synthetic resins
24 Synthetic fibres
25 Final chemical products, n.e.c.
26 Petroleum refinery products
27 Coal products
28 Plastic products
29 Rubber products
30 Leather, fur skins, and miscellaneous leather products
31 Glass and glass products
32 Cement and cement products
33 Pottery, china, and earthenware

Note: n.e.c.: not elsewhere classified.

Zuhdi et al. (2014), with the slight modifications
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Table A1  Japanese industrial sectors (78 sectors) (continued)

No. Sector name

34 Other ceramic, stone, and clay products

35 Pig iron and crude steel

36 Steel products

37 Steel castings and forgings, and other steel products
38 Non-ferrous metals

39 Non-ferrous metal products

40 Metal products for construction and architecture
41 Other metal products

42 General industrial machinery

43 Special industrial machinery

44 Other general machines

45 Office and service industry machineries

46 Electrical appliance

47 Motor vehicles, and the repairement of motor vehicles
48 Ships, and the repairement of ships

49 Other transportation equipment, and the repairement of transportation equipment
50 Precision instruments

51 Miscellaneous manufacturing products

52 Building construction

53 Construction repairement

54 Civil

55 Electricity

56 Gas and heat supply

57 Water supply

58 Waste management services

59 Commerce

60 Finance and insurance

61 Real estate agencies and rental services

62 House rent

63 Railway

64 Road transport (except transport by private cars)
65 Self-transport by private cars

66 Water transport

67 Air transport

68 Storage facility services

69 Services related to the transport

Note: n.e.c.: not elsewhere classified.
Source: Zuhdi et al. (2014), with the slight modifications
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Table A1  Japanese industrial sectors (78 sectors) (continued)

No. Sector name

70 Communication

71 Broadcasting

72 Public administration and the activities not elsewhere classified
73 Education

74 Research

75 Medical services, health, and social security

76 Other public services

77 Business services and office supplies

78 Personal services

Note: n.e.c.: not elsewhere classified.
Source: Zuhdi et al. (2014), with the slight modifications

Appendix 2
GAMS programming (syntax)

* Multivariate Least Square Analysis for 1O coefficients
*2012 11 16 by S.Mori

* revised -- input data for tables

set T period /1*5/;

* row sectors -- intermediate input and value added

* column sectors -- intermediate input and final demand

set 1 row sectors /1*79/;

set jO column sectors /1*78/;

set j(jO);

set kO explanatory variables /1*3/;
setk(k0)  /1*3/;

* Input Data -- using IO _data from 1985 through 2005
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Table I0_DATA(L,1,j0)

1 2 3 4 5 6 7 8 9 10 11 12 13
14 15 16 17 18 19 20
1.1 0.0215 0.1078 0.0196 0.0076 0.0000 0.0000 0.0000 0.0000 0.1951
0.1024 03293 0.1146 0.0453 0.0028 0.0000 0.0000 0.0003 0.0000 0.0000
0.0000
1.2 0.0066 0.0430 0.0375 0.0034 0.0000 0.0000 0.0000 0.0000 0.0985
0.0002 0.0033 0.0000 0.0244 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0002
1.3 0.0366 0.0524 0.0000 0.0076 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.4 0.0006 0.0000 0.0000 0.3550 0.0000 0.0116 0.0001 0.0110 0.0007
0.0000 0.0000 0.0000 0.0001 0.0000 0.3416 0.0007 0.0081 0.0000 0.0000
0.0000
1.5 0.0000 0.0000 0.0000 0.0000 0.0573 0.0000 0.0000 0.0000 0.0810
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.6  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0020 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0038 0.0000 0.0000
0.0155
1.8  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0103 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.002¢6 0.0000 0.0000
0.0320
1.9 0.0000 0.0079 0.0000 0.0028 0.0517 0.0000 0.0000 0.0000 0.1780
0.0536 0.3084 0.0001 0.0000 0.0055 0.0005 0.0000 0.0028 0.0000 0.0000
0.0054
1.10 0.0000 0.0006 0.0000 0.0000 0.0038 0.0000 0.0000 0.0000 0.0066
0.0365 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.11 0.0045 0.3810 0.0330 0.0006 0.0117 0.0000 0.0000 0.0000 -0.0004 -
0.0012 0.0197 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.12  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0079 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.13  0.0005 0.0001 0.0041 0.0078 0.0171 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0003 0.3119 0.3594 0.0003 0.0194 0.0009 0.0022 0.0015
0.0026
1.14 0.0032 0.0008 0.0064 0.0005 0.0061 0.0007 0.0018 0.0024 0.0009
0.0005 0.0004 0.0002 0.0014 0.0204 0.0011 0.0019 0.0006 0.0014 0.0014
0.0020
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1.15 0.0000 0.0007 0.0000 0.0028 0.0016 0.0000 0.0013 0.0028 0.0010

0.0015 0.0000 0.0005 0.0004 0.0001 0.1155 0.1419 0.0617 0.0002 0.0001
0.0000

1.16 0.0000 0.0000 0.0071 0.0004 0.0005 0.0009 0.0005 0.0017 0.0003

0.0004 0.0002 0.0012 0.0006 0.0012 0.0003 0.0297 0.0004 0.0005 0.0007
0.0004

1.17 0.0003 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004

0.0011 0.0000 0.0053 0.0006 0.0003 0.0084 0.0033 03463 0.3262 0.1642
0.0000

1.18 0.0129 0.0022 0.0910 0.0000 0.0000 0.0000 0.0000 0.0000 0.0098

0.0328 0.0056 0.0143 0.0074 0.0092 0.0001 0.0182 0.0055 0.0130 0.0043
0.0082

1.19 0.0000 0.0000 0.0086 0.0004 0.0007 0.0023 0.0021 0.0072 0.0024

0.0016 0.0008 0.0018 0.0020 0.0025 0.0010 0.0030 0.0262 0.0980 0.1256
0.0025

1.20 0.0378 0.0027 0.0087 0.0049 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0059 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
02115

1.21 0.0003 0.0000 0.0004 0.0002 0.0005 0.0007 0.0004 0.0000 0.0029

0.0024 0.0000 0.0001 0.0097 0.0000 0.0001 0.0003 0.0204 0.0021 0.0002
0.1065

1.22 0.0000 0.0000 0.0004 0.0000 0.0000 0.0190 0.0001 0.0000 0.0056

0.0020 0.0028 0.0006 0.0145 0.0001 0.0008 0.0008 0.0113 0.0009 0.0006
0.0238

1.23  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0007 0.0000 0.0000 0.0056 0.0005 0.0093 0.0007
0.0000

1.24  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0044 0.0780 0.0043 0.0000 0.0007 0.0009 0.0000 0.0000
0.0000

1.25 0.0361 0.0073 0.0185 0.0102 0.0056 0.0128 0.0065 0.0058 0.0020

0.0002 0.0054 0.0022 0.0126 0.0008 0.0270 0.0235 0.0077 0.0099 0.0288
0.0038

1.26  0.0100 0.0033 0.0236 0.0130 0.0835 0.0129 0.0198 0.0083 0.0056

0.0084 0.0002 0.0025 0.0151 0.0054 0.0017 0.0025 0.0586 0.0060 0.0008
0.0606

1.27  0.0000 0.0000 0.0000 0.0000 0.0000 0.0046 0.0000 -0.0004 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0052

1.28 0.0098 0.0011 0.0025 0.0009 0.0087 0.0014 0.0002 0.0018 0.0156

0.0166 0.0003 0.0015 0.0027 0.0114 0.0025 0.0199 0.0035 0.0241 0.0010
0.0093

1.29  0.0006 0.0006 0.0102 0.0009 0.0005 0.0001 0.0041 0.0036 0.0001

0.0001 0.0000 0.0000 0.0005 0.0014 0.0002 0.0013 0.0001 0.0005 0.0005
0.0007



220 U. Zuhdi et al.

1.30  0.0001 0.0000 0.0001 0.0003 0.0002 0.0000 0.0021 0.0002 0.0000
0.0000 0.0000 0.0000 0.0001 0.0023 0.0002 0.0004 0.0000 0.0000 0.0000
0.0000

1.31 0.0000 0.0000 0.0000 0.0017 0.0000 0.0000 0.0000 0.0000 0.0021
0.0329 0.0000 0.0000 0.0003 0.0000 0.0002 0.0167 0.0000 0.0000 0.0000
0.0000

1.32  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.33  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0041 0.0000 0.0000 0.0000
0.0000

1.34 0.0020 0.0009 0.0025 0.0012 0.0000 0.0000 0.0000 0.0002 0.0003
0.0000 0.0035 0.0000 0.0000 0.0000 0.0003 0.0018 0.0003 0.0000 0.0000
0.0006

1.35 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.36 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0012 0.0196 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0040 0.0123 0.0000 0.0000 0.0000
0.0000

1.37 0.0000 0.0000 0.0000 0.0000 0.0000 0.0044 0.0001 0.0003 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0250 0.0000 0.0000 0.0000
0.0000

1.38 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0005
0.0000

1.39  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0009
0.0012 0.0000 0.0019 0.0000 0.0000 0.0006 0.0056 0.0004 0.0001 0.0018
0.0000

1.40  0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0051 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0009 0.0000 0.0000 0.0000
0.0000

141 0.0013 0.0018 0.0003 0.0049 0.0009 0.0005 0.013% 0.0295 0.0068
0.0582 0.0084 0.0003 0.0004 0.0063 0.0102 0.0547 0.0009 0.0004 0.0003
0.0000

1.42  0.0000 0.0000 0.0000 0.0006 0.0000 0.0003 0.0023 0.0005 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000
0.0000

1.43  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.44  0.0087 0.0090 0.0148 0.0036 0.0000 0.0054 0.0101 0.0175 0.0039
0.0052 0.0024 0.0043 0.0040 0.0021 0.0040 0.0082 0.0062 0.0019 0.0016
0.0083
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1.45 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.46 0.0000 0.0004 0.0000 0.0000 0.0011 0.0054 0.0045 0.0069 0.0000

0.0001 0.0000 0.0001 0.0013 0.0000 0.0002 0.0009 0.0000 0.0000 0.0014
0.0040

1.47 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.48 0.0000 0.0000 0.0000 0.0000 0.0257 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.49  0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000

0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.50  0.0000 0.0000 0.0006 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
0.0000

1.51 0.0000 0.0000 0.0000 0.0004 0.0052 0.0103 0.0024 0.0025 0.0003

0.0012 0.0000 0.0000 0.0033 0.0266 0.0027 0.0074 0.0000 0.0000 0.0001
0.0000

1.52  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.53  0.0025 0.0026 0.0044 0.0048 0.0005 0.0020 0.0035 0.0056 0.0021

0.0012 0.0015 0.0001 0.0019 0.0012 0.0016 0.0020 0.0038 0.0024 0.0013
0.0041

1.54  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.55 0.0014 0.0032 0.0265 0.0040 0.0048 0.0940 0.0148 0.0870 0.0098

0.0076 0.0061 0.0033 0.0209 0.0163 0.0199 0.0108 0.0574 0.0161 0.0092
0.0738

1.56  0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0001 0.0000 0.0016

0.0020 0.0000 0.0000 0.0010 0.0001 0.0000 0.0004 0.0014 0.0015 0.0014
0.0012

1.57 0.0001 0.0027 0.0013 0.0015 0.0001 0.0042 0.0011 0.0016 0.0035

0.0025 0.0004 0.0003 0.0024 0.0008 0.0008 0.0011 0.0027 0.0008 0.0003
0.0046

1.58 0.0000 0.0001 0.0005 0.0000 0.0000 0.0051 0.0007 0.0021 0.0001

0.0001 0.0007 0.0000 0.0017 0.0004 0.0008 0.0006 0.0027 0.0005 0.0011
0.0067

1.59 0.0322 0.0354 0.0401 0.0210 0.0316 0.0150 0.0107 0.0147 0.0583

0.0342 0.0672 0.0043 0.0556 0.1278 0.0588 0.0496 0.0304 0.0439 0.0319
0.0241
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1.60 0.0338 0.0283 0.0702 0.0183 0.0241 0.0447 0.0609 0.0375 0.0089

0.0139 0.0166 0.0076 0.0403 0.0223 0.0337 0.0292 0.0234 0.0241 0.022§
0.0164

1.61  0.0000 0.0000 0.0012 0.0005 0.0008 0.0026 0.0080 0.0151 0.0033

0.0020 0.0001 0.0000 0.0029 0.0025 0.0045 0.0074 0.0029 0.0042 0.0066
0.0034

1.62  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.63  0.0006 0.0005 0.0007 0.0018 0.0019 0.0075 0.0021 0.0078 0.0022

0.0013 0.0036 0.0011 0.0027 0.0007 0.0024 0.0014 0.0015 0.0023 0.0029
0.0034

1.64 0.0050 0.0463 0.0096 0.0495 0.0080 0.0049 0.0068 0.0071 0.0149

0.0096 0.0388 0.0029 0.0093 0.0067 0.0161 0.0135 0.0324 0.0154 0.0096
0.0183

1.65 0.0129 0.0070 0.0170 0.0190 0.0119 0.0555 0.3223 0.0321 0.0042

0.0026 0.0037 0.0010 0.0027 0.0014 0.0067 0.0033 0.0032 0.0032 0.0049
0.0016

1.66 0.0006 0.0024 0.0006 0.0004 0.0010 0.0006 0.0004 0.0015 0.0012

0.0006 0.0066 0.0002 0.0009 0.0004 0.0106 0.0012 0.0056 0.0014 0.0007
0.0051

1.67  0.0000 0.0000 0.0148 0.0006 0.0006 0.0012 0.0009 0.0011 0.0006

0.0004 0.0006 0.0001 0.0037 0.0011 0.0006 0.0006 0.0008 0.0015 0.0053
0.0006

1.68  0.0008 0.0086 0.0011 0.0002 0.0032 0.0002 0.0002 0.0004 0.0061

0.0018 0.0151 0.0012 0.0012 0.0014 0.0038 0.0014 0.002%9 0.0023 0.0013
0.0013

1.69 0.0000 0.0000 0.0004 0.0000 0.0014 0.0000 0.0001 0.0000 0.0018

0.0010 0.0011 0.0006 0.0048 0.0031 0.0008 0.0024 0.0061 0.0039 0.0022
0.0054

170 0.0000 0.0000 0.0017 0.0013 0.0030 0.0012 0.0027 0.0110 0.0013

0.0026 0.0009 0.0006 0.0022 0.0029 0.0019 0.0035 0.0014 0.0026 0.0051
0.0036

1.71  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000

1.72  0.0180 0.0070 0.0030 0.0028 0.0165 0.0061 0.0225 0.0302 0.0055

0.0050 0.0172 0.0275 0.0064 0.0061 0.0088 0.0238 0.0088 0.0098 0.0140
0.0259

1.73  0.0000 0.0000 0.0001 0.0000 0.0000 0.0025 0.0000 0.0000 0.0003

0.0001 0.0001 0.0000 0.0000 0.0003 0.000Z 0.0002 0.0004 0.0000 0.0000
0.0002

1.74  0.0003 0.0011 0.0000 0.0000 0.0005 0.0054 0.0000 0.0019 0.0011

0.0028 0.0008 0.0004 0.0020 0.0009 0.0006 0.0034 0.0029 0.0005 0.0007
0.0172



The influences of the ICT on the structural changes of Japanese energy sectors 223

1.75  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000
1.76  0.0000 0.0000 0.0000 0.0005 0.0019 0.0013 0.0032 0.0050 0.0013
0.0033 0.0025 0.0011 0.0034 0.0045 0.0010 0.0030 0.0027 0.0029 0.0018
0.0032
177 0.0005 0.0008 0.0097 0.0014 0.0081 0.0066 0.012% 0.0185 0.0223
0.0292 0.0115 0.0109 0.0078 0.0163 0.0079 0.0211 0.0055 0.0212 0.0533
0.0132
1.78  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0017
0.0000
1.79  0.6978 0.2304 0.5068 0.4405 0.5972 0.6457 0.450]1 0.5825 0.2289
0.5109 0.1085 0.7721 0.2888 0.3208 0.2940 0.4093 0.2312 0.3429 0.4866
0.2635

* explanatory variable data -- Computer (main parts & accessory) and
Telecommunication equipment

Table Ex_Var(k0,t)

1 2 3 4 5
1 2845 6752 7746 10732 15248
2 1788 3825 5304 7969 5159
3 1 1 1 1 1

* normalization
parameter IOCHK(t,j0);

10 DATA(1,i,j0)$(I0_DATA(t,,j0) le 0.0)=0.0;

IOCHK(t,j0)=sum(i, I0_DATA(L,1,j0));
10 DATA(t,i,j0)=I0_DATA(t,i,j0)/IOCHK(t,jO):;

parameter IO0_DATC(t,1,j0);
I0_DATC(t,1,j0)=I0O_DATAC(t,i,j0);
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10 DATC(1,i,j0)$(I0_DATA(L,i,j0) le 1.0e-4)=1.0;

10_DATC(ti,j0)=1.0;

Parameters OBJ_LR(j0);

positive variables

10_DATR(,i,j0)

variable
RGR_EST(j0,i,k)
I0_ERR(t,i,j0)
OBJ

Equations
10_DATR_DEF(t,i,jO)
I0_ERR_DEF(t,i,jO0)
I0_CNST DEF(t,j0)
OBJ_DEF

I0 DATR _DEF(t,i,))..
I0_DATR(t,i,j)=E= sum(k, RGR_EST(,i,k)*Ex_Var(k.t));
*10_ERR(t,i,)) relative error

I0_ERR_DEF(t,ij)..
10 _ERR(t,ij)=E=(I0_DATA(ti,j)-I0 DATR(1ij))/I0_DATC(t,i);

I0_CNST DEF(t,j).. sum(i, [0 DATR(t,ij) )=E=1.0;
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OBJ_DEF.. OBJ=E=sum(j, sum(i, sum(t, IO _ERR(t,i,j)*10_ERR(t,i,}))));

Model MulVR /all/;

FILE FSAVE /Trial 6 (1x3).CSV/;
PUT FSAVE;
FSAVE.PC=5;

loop(j0,
JG0)=no;
);

loop(j0,
jG0)=yes;

Solve MulVR minimizing OBJ using nlp;

OBJ_LR(j)=OBI.L;

J(G0)=no;

loop(j0,
jG0)=yes;
);

Put "Estimators"/;

Loop(j,
Put "",j.TL,"column sector"/;
Put "","",""; loop(k, put k.tl); put /;
Loop(i,
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Put "",""i.tl;
Loop(k, Put RGR_EST.L(j,1,k):15:6);
Put /;
)i
Put "",OBJ_LR(j)/;
Put //;
);

Put "Original 10 coeff. data"/;
Loop(j,
Put "",j.TL,"column sector"/;
Put "","","";loop(t, put t.tl);put /;
Loop(i,
Put """ itl;
Loop(t, Put I0O_DATA(t,1,j):15:6);
Put /;
)i
Put //;
);

Put "Estimated IO coeff. data"/;
Loop(j,
Put "",j.TL,"column sector"/;
Put "","","";loop(t, put t.tl);put /;
Loop(i,
Put """ itl;
Loop(t, Put I0_DATR.L(t,i,j):15:6);
Put /;
);
Put //;
);
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Put "Comparison -- Historical and Estimated"/;
Loop(j,
Put "",j.TL,"column sector"/;
Put "","","";loop(t, put t.tl); put /;
Loop(i,
Put "",""i.tl;
Loop(t, Put I0_DATA(t,1,j):15:6); put /;

Put "","","estimated";
Loop(t, Put IO_DATR.L(t,i,j):15:6); put //;
)i
Put /;
);



