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Introduction
Recently, reserves for non-renewable forms of energy such as 

coal, petroleum and natural gas have rapidly decreased. Thus, the 
exhaustion of fossil energy has become a global environmental issue. 
The greenhouse effect caused by excessive carbon emissions has also 
become a global crisis, and is projected to further affect the daily human 
life in the future. Therefore, the sustainable development has become 
an urgent issue that must be addressed.

Taiwan is a small island country which is located in the seismic 
zone with rare energy resources. Analysis of the possible developments 
of the national economy as well as the inter-relation between 
industries facilitates the development of effective industrial policies 
for supporting the Taiwan government. Thus, the current research has 
two main objectives: a) to develop a dynamic system for investigating 
the industrial development in a national scale and, b) to propose the 
possible policies for sustaining the industrial economy of Taiwan.

In order to investigate the overall structure of the industrial 
sectors, the input-output analysis based on the national surveyed 
input-output tables is adopted. By incorporating the vector time 
series analysis, Dynamic Industrial System (DIS) is then proposed and 
established, with the case of Taiwan as an example. By observing the 
trend of industrial development in the scenarios concerning energy 
conservation and carbon reduction, this research provides suggestions 
to the government to attain the win-win situation involving the 
environment and industrial economy.

The remainder of this article is organized as follows. In Section 2, 
literature related to the issues of sustainability development, input-
output analysis, and time series analysis are reviewed and discussed. 

In Section 3, the DIS is proposed and the scenario analysis for 
environmental goals of energy conservation and carbon reduction is 
conducted. In Section 4, the Taiwan case is used as an example. The 
influence and sensitivity analysis and the scenario analysis are also 
provided. The conclusions of this article, suggesting directions for 
future studies, are presented in Section 5.

Literature Review 
The world economy has rapidly grown in the last century. In relation 

to this, the consumption of natural resources has become a critical 
issue, especially in light of the rapidly depleting natural resources, 
including non-renewable forms of energy and petrochemicals. With 
the development of the manufacturing sectors throughout the world, 
the levels of carbon emission have also become higher, thus causing 
serious greenhouse effect that damages the environment to a great 
extend. Previous studies have already covered this issue from many 
aspects, including energy consumption, economy, environmental 
impact and biological systems, to name a few.

Related issues and possible strategies to achieve sustainable 
development are discussed in Section 2.1. Then, based on the macro 
economy viewpoint, possible approaches developed in the literature 
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Abstract
As human beings living in the so-called “blue planet,” our main responsibility lies in protecting the earth and its 

resources. The exhaustion of petrochemical energy and the greenhouse effect have caused huge impact on our lives. 
With these in mind, specifically their damage to the environment and the economy, this study discusses the possible 
strategies used in dealing with the industrial sustainability issues from a national viewpoint.

A Dynamic Industrial System (DIS) is proposed in which the integration of the input-output analysis with the time 
series analysis is developed. Scenario analysis for energy conservation and carbon reduction is conducted to facilitate 
the strategy development of the industrial sectors.

The case of the Taiwan economy is adopted to illustrate the proposed system. The proposed DIS is applied by 
classifying all domestic industries into nine sectors. Then, the vector time series analysis is carried out to predict the 
related input and output factors up to the year 2025. By observing the development trend of each focal industry sector 
included in this work with the analysis of the degree of industrial influence and sensitivity, the scenario analysis regarding 
the energy saving and carbon emission reduction are carried out to observe the changes in the industrial input to the 
impact and development of the output as consequence. Thus, the proper industrial strategies are developed to support 
a government on approaching a win-win frontier of both the environment and the economy.
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to analyze a global industrial system are reviewed in Section 2.2. To 
develop sustainable strategies for future development, the existing 
methods for time series analysis are discussed in Section 2.3.

The issues of sustainability development

To cope with issues of sustainable development, many viewpoints 
and approaches have been considered. The issue covers many aspects, 
including energy crisis, carbon emission, economic development, 
dynamic situation in the future, and strategies to achieve sustainability.

The Canadian economist, William [1] and his student, Wackernagel 
[2], have proposed the method called Ecological Footprints (EF) 
to measure the sustainability of an ecological system. The method 
determines the total amount of biologically productive land and water 
area that a population requires to produce the resources it consumes 
and absorb the waste it generates. However, the approach simply 
recognizes whether or not Sustainability development can be achieved; 
it does not consider the economic and environmental indices, such as 
GDP and carbon emission. As a static model, it also cannot help find 
ways to ensure sustainable development in the future.

Chang et al. [3] have combined the input-output table and the 
concept of green GDP to construct a new model. The study discussed 
the industrial strategies proposed and attempted to identify the 
industries that must be pushed to achieve economic development, 
while considering the impacts of such strategies on the environment. 
However, data on the green GDP in Taiwan are very rare; moreover, 
the model is also static and cannot analyze the impact of strategies 
implemented in the future. Then, Wei et al. [4] have modeled a 
framework that combined system dynamics and EF to discuss urban 
sustainability. The model provides a dynamic EF framework to 
analyze the situation. It is affected by many factors and set different 
policy scenarios to discuss the policy’s feasibility and sustainability. 
This model also overcomes the disadvantages of the static EF method. 
Nevertheless, the scale of this approach is too large. From the macro 
viewpoint, the model has many assumptions between relations of 
variables and does not provide specific industrial strategies.

In their work, Jerzy et al. [5] have used five variables: M (non-
renewable mineral), R (renewable resource), K (production capital), 
Q (abatement capital), and H (human capital) to describe the visual 
relations between natural resources and human development along a 

time horizon to achieve sustainability. The proposed model is dynamic; 
thus, by changing the parameters, the authors found ways to achieve 
environmental and economic development. However, the model 
merely indicates that global sustainability development is possible. It 
still does not provide measurable strategies related to the changing 
parameters in their study.

As mentioned previously, there are several viewpoints and 
approaches concerning the dilemma of sustainable development. 
Given that, this study aims to discuss the sustainable development 
problem from the viewpoint of industrial strategies based on the input-
output analysis as discussed below.

Input and output analysis

Input-output analysis was first proposed by Leotief et al. [6] 
in 1936. The economic activities and interactions among different 
industrial sectors in one country are analyzed based on the structure 
of the input-output relation tables. Nowadays, many governments use 
the input-output table (I/O table) to develop industrial strategies and 
national policies.

The input-output table includes all industries with many sectors, 
each representing one aggregated production as shown in Figure 1. 
According to different utilization purposes, the input-output analysis 
is normally presented in three forms: Product Transaction Table, 
Input Coefficient Table, and Degree of Relation Table. The Product 
Transaction Table describes all transactions as well as the industrial 
inputs of the original and those of others. The unit used is thousand 
dollars. The Input Coefficient Table is also called cost coefficient or 
technology coefficient. It represents the ratio of one-unit sector’s input 
compared with that of every other sector. In other words, it shows the 
intermediate demand of one sector for all other sectors to produce 
one unit of the product. The Degree of Relation Table is also called the 
Leontief Inverse Matrix, which represents the interdependence among 
the industrial sectors.

The input-output analysis provides an economic viewpoint to 
analyze the economy of a nation and the industrial relations. Haimes 
and his team have published a number of articles related to the input-
output analysis, for instance, Haimes and his team at the Center of for 
Risk Management of Engineering Systems, University of Virginia have 
developed a number of theories and applications on the input-output 

Figure 1: The structure of input-output table. 
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analysis, which have not only shown the inoperability of input-output 
table from the national scale to international scale or regional scale 
[7,8]. But also the applicability of evaluation on the resource supplies 
[9]. However, the input-output model is static; thus, it is unable to 
represent the situation of development in the future. Therefore, how 
to base on the input-output tables to develop a forecasting model is an 
issue we shall investigate in this study.

However, because the input-output tables are established from 
general survey on the national industries and business, the operational 
cost is too high to conduct frequently, which leads to the lack of 
sufficient tables for statistical analysis. Therefore, how to make the best 
use of the existing tables for forecasting is another issue we study in 
this study.

Time series analysis

Time series analysis uses past data to determine the trend of data 
in the future. This method assumes that the trend of development in 
the future can be traced from the past. The common time series models 
include Autoregressive Model (AR), Moving Average Model (MA), 
Mixed Autoregressive-Moving Averge Model (ARMA), and Vector 
Autoregressive Model (VAR) [8-10].

Because the models of AR, MA and ARMA are point-estimation in 
nature, yet input-output tables are in vector to represent all industries 
in interests. Therefore, we shall focus on the discussion of the features 
and development of VAR (p) model.

Basically, utilizing VAR (p) in this study can be outlined below [11] 
(i) it describes and predicts the trend of macroeconomics along time 
series data. (ii) it describes the cause-effect relation of macroeconomics, 
helping the decision maker analyze the policy from a macroeconomic 
viewpoint.

In forecasting a vector, in which the variables are related, the VAR 
(p) model is generally defined in (1) below.

0 1 1 2 2 .......t t t p t p ty c y y yφ φ φ ε− − −= + + + + +                 (1)

Where yt is a vector, φp is a relational matrix, c0 is a coefficient 
vector, and parameter p denotes the previous p periods.

If there are too few data to apply VAR(p), model ARMA(p,q) can 
be adopted in the form as below.

0
1 1

p q

t i t i t i
i i t i

y c yα ε β ε−
= = −

= + + +∑ ∑                    (2)

Where yt is a time series data with time t, c0 is the constant, αi  is 
the coefficient of  yt-i, βi is the coefficients of εt-i and εt are the residuals. 

Methodology of the Proposed Dynamic Industrial 
System

In order to develop the proper industrial strategy to achieve energy 
conservation and carbon reduction, a model called Dynamic Industrial 
System (DIS) is proposed to describe the relations of national industries 
along the time horizon. The system contains three parts: input-output 
analysis, time series analysis, and scenario analysis. While the time 
series analysis provides a tool to forecast the states of input-output 
relations of all industries in the future, the input-output analysis paves 
a way to observe the relations among the national industries. With the 
scenario analysis, the strategies to achieve the different environmental 
and economic goals, particularly those on energy conservation and 
carbon reduction, are determined.

The proposed Dynamic Industrial System (DIS)

To cope with the dynamic feature of national sustainable 
development, this section introduces the approaches based on the 
reviewed literature. First, it is noted that the traditional input-output 
analysis is a static approach based on the national industrial survey. 
Consequently, two features are observed: (1) it only analyzes data from 
the past; and (2) the input-output tables (I/O tables) summarized from 
the national industrial statistics do not evenly distribute over time, 
thus resulting in the bias on trend analysis. Therefore, it is necessary to 
integrate the suitable tools of time series analysis into the input-output 
analysis in order to observe the continuous changes of input-output 
structures among the industries, as well as to predict the input-output 
table in the future. With such dynamic features, the DIS is proposed in 
this section.

Let us first define some notations used in DIS:
t
iX : The gross domestic product of ith industry at year t, i=1~n.
t
ijZ : The intermediate demand of the ith industry from jth industry 

at year t, i, j=1~n.
t

iF : The final demand of the ith industry at year t, i=1~n.
t
iO : The other input of ith industry at year t, i=1~n.

First, the equilibrium of demand-supply of the national economy 
along the time horizon, t, is described in (3) below:
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This is transformed into (4), by defining /t t t
ij ij ja Z X=  as the number 

of ith products needed to produce one unit jth product at year t.
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Rewriting (4) into the matrix form in (5)

1 1 1 1 1
t t t t t
n n n n nX O A X F× × × × ×+ = +                      (5)

we can obtain

( ) ( )−

× × ××
= − −
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X I A F O                     (6) 

The backward effect means that the influence on other industries is 
caused by the jth industry’s final demand change in one unit.

1

n

j ij
i

BL b
=

=∑                        (7)

After normalizing the backward effect, the degree of influence is 
obtained as following:

= = =

=∑ ∑∑
1 1 1

1n n n

j ij ij
i i j

RB b b
n

                    (8)

Greater than the average; on the other hand, if RBj <1, the degree of 
influence of the jth industry is smaller than the average.

The forward effect represents the influence on the ith industry when 
every industry’s final demand changes one unit.

1

n

i ij
j

FL b
=

=∑                       (9)

After normalizing the forward effect, the degree of sensitivity is 
obtained as following:
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On one hand, if RFi>1, then the degree of sensitivity of the ith 
industry is greater than the average; On the other hand, if RFi>1, the 
degree of sensitivity of the ith industry is smaller than the average. The 
overall influence of industries is then analyzed using the backward and 
forward effects.

Time series analysis in DIS

To cope with the time parameter in model (6), adoption of VAR(p) 
is proposed for forecasting the input-output relations of (6) at any year 
t. The aggregation procedures of the VAR(p) model is introduced in 
Section 3.2.1. Because the VAR(p) model requires a large amount of 
data to perform adequate time series analysis, if there are not sufficient 
data, the ARMA(p,q) model is suggested to forecast the data in the 
vector individually. The aggregation procedures of ARMA(p,q) model 
are introduced in Section 3.2.2.

The VAR (p) model: To cope with the time parameter in model 
(6), adoption of VAR(p) is proposed for forecasting the input-output 
relations of (6) at any year t. The procedure of applying VAR(p) is 
shown in Figure 2 and step-by-step illustration is followed.

Step 1: Stationary Check

In order to ensure that the sequence of the data is stable over time, 
we first check whether or not the data is stationary. For time series data 
to be considered stationary,

it has to meet three conditions listed below [11] (Ender, 2004). 

(a) E(yt) = E(yt−k) = u                  (11)

(b) Var(yt)<∞                      (12)

(c) Cov(yt, yt−k) = E(yt−u)(yt−k−u)                 (13)

If the time series data are stationary, this means that the data can be 
anticipated; otherwise, the time series data have to be transformed by, 
for instance, taking the log or the difference. The stationary test employs 

several methods, such as the Dickey-Fuller test, Augmented DF test, 
and KPSS test. Because the KPSS test [12] assumes a deterministic 
trend with a random walk variable, and an error consisting of the 
properties of the data, the KPSS test is adopted for our stationary test. 
The Lagrange Multiplier (LM) statistics proposed by Kwiatkowski with 
the null hypothesis of non-stationary data is shown below.

2 2

1

T

t
t

LM S εσ
=

=∑                      (14)

If the time series data is non-stationary, we should take the log or 
difference to stabilize the data trend, and then go back to check again.

Step 2: Determination of the Required Periods p

Different VAR models with different lag periods p are constructed. 
In this step, the statistic software Gretl (Copyright © 2000-2010 Allin 
Cottrell and Riccardo “Jack” Lucchettii) is applied to help us construct 
the VAR(p) model.

Step 3: Check on Auto-correlation of Residuals

The residuals of the VAR(p) model are checked by determining 
whether or not they are auto-correlated; if they are, this is resolved, for 
instance, by adding a lag period. By adopting the Ljung-Box Q test [13], 
the auto-correlation coefficient of the ist period is defined as

^^

1
1

^
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1
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T

t t
t i

T

t
t
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ε

−
= +

=

=
∑

∑
                     (15)

where T is the number of the samples.

By substituting (14) into Ljung-Box Q statistic, we have
2

1
( ) ( 2) ( ) ( )

s

i
Q p T T i T iρ

=

= + −∑                                  (16)

where s=1, 2, 3… means p degrees of freedom.

The null hypothesis is that the variable is non-autocorrelation from 
1 to s periods.

Step 4: Fitness Comparison with Different VAR(p) Models

Once the VAR(p) model is constructed, the Schwarz Bayesian 
Information Criterion (SBC) Enders [14] is checked for the fitness 
of the model and the Akaike Information Criterion (AIC). SBC and 
AIC are statistic indexes that measure the error of the fitness degree, 
as defined below.

SBC=T ln(SSE) +k ln(T)                                      (17)

AIC=T ln(SSE) +2k                  (18)

SSE: sum of square error T: the number of sample

k: the number of estimated parameter

From the definitions, these two indexes are affected by the sum of 
square error and the number of estimated parameter. The higher are 
the sum of the square error and the number of estimated parameter, 
the larger are the SBC and AIC values, then the lower the degree of 
fitness is. Therefore, the VAR(p) model with low SBC and AIC values 
has been developed.

Step 5: Determination of the Best Model

Based on the above, an optimal VAR(p) model with the lowest SBC 
and AIC is chosen.

The ARMA (p,q) model: If the data are insufficient or the results Figure 2: The Flow Chart of VAR Analysis.
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of the VAR(p) model lose the trend of data, the ARMA(p,q) model 
shown in (2) is adopted to predict each scalar datum. The operational 
procedure of ARMA(p,q) is shown in Figure 3 with step-by-step 
illustration.

Step 1: Stationary Check

The process of checking whether or not the data are stationary is 
the same as that used in the VAR model. The conditions for data to be 
stationary are the same as those shown in (11) to (13). If the data are 
stationary, we go to the next step.

Step 2: Determination of the Required Periods p and q by ACF 
and PACF

After checking whether or not the data are stationary, we used 
both the Auto-Correlation Function (ACF) and the Partial Auto-
Correlation Function (PACF) Yang [15] to set the lag periods p and q. 
The ACF represents the correlation of the s lag period in the past time 
series data. The auto-correlation function of period s is defined as:

cov( , )( )
cov( , )

t t s

t t

y ys
y y

ρ −=                   (19)

The PACF represents the influence of the s period in the time series 
data, such as the influence of yt−s on yt. From the time series regressions 
shown in (20) to (23) of a time series yt, the PACF can be clearly realized.

yt=φ1,0+φ1,1yt-1+v1                     (20)

yt= φ2,0+φ2,1yt-1+ φ2,2yt-2+v2t                   (21)

yt= φ3,0+φ3,1yt-1+ φ3,2yt-2+ φ3,3yt-3+v3t                    (22)

yt= φj,0+φj,1yt-1+ φj,2yt-2+……+ φj,(j+1)yt-j-1+ φj,jyt-j+vjt                 (23)

The PACF of the s period on the time series data is:

φ(s)=φij, j=s

The rule of the partial auto-correlation function of the s period is 
defined in (25~27) below [14]:

φ(s)=ρ(s), s=1                    (25)
2

2

[ (1) (2) ]( )
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s ρ ρϕ
ρ
−
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, s=2                   (26)

1

2, 2,
1
1

2, 2,
1

( )
( )

1 ( )

s

s s j ss s s j s j
j
s

s j ss s s j j
j

s
ρ ϕ ϕ ϕ ρ

ϕ
ϕ ϕ ϕ ρ

−

− − − −
=
−

− − −
=

− −
=

− −

∑

∑
 for 3s ≥                (27)

Using the information form ACF and PACF, the parameters p and 
q are decided.

Step 3: Establishment of the Models

At this point, we construct the different combinations of p and q 
that have been set up in step 2. The statistic software, Gretl (Copyright 
(C) 2000-2010 Allin Cottrell and Riccardo “Jack” Lucchettii), is used to 
help construct the model.

Step 4: Fitness Comparison of Different VAR (p) Models

The indexes of SBC and AIC are used to measure the error of the 
fitness degree. The SBC and AIC are the same as those in the formula 
(17) and (18).

Step 5: Determination of the Best Model

The best combination of p and q with the lowest SBC and AIC 
values is chosen.

Scenario analysis by DIS: After combining the input-output 
analysis and the time series analysis, the information in (6) at any year 
t is obtained. Therefore, the industrial structure with the concerned 
scenarios is analyzed. Referring to the industrial degrees of influence 
and sensitivity, as shown in (8) and (10), the scenario analysis is 
developed and conducted based on the properties revealed from the 
forecasted input-output table in interest. From the influence and 
sensitivity analysis, the importance of industries and the static quality 
of industries are realized. Thus, the industries to be promoted are 
revealed, along with the rates of manufacture with respect to the service 
for different scenarios.

To ensure sustainability, scenarios regarding the environmental 
impacts, such as energy conservation and carbon reduction, must be 
addressed so that the feasibility and specificity of environmental goals 
can be evaluated. In our study, three scenarios are drawn to simulate the 
different situations to attain the goals of environmental improvement 
in the future. Based on this scenario analysis, we shall propose the 
industrial strategies to achieve a win-win situation in the environment 
and economy in the future.

Based on International Energy Summit conducted in Copenhagen 
in 2009, three scenarios are drawn in Table 1 for analysis of the case of 
Taiwan as an example.

Illustrative Case of Taiwan
The proportion of imported fossil energy exceeds 99% in 

Taiwan, making it a high energy-dependent country. The shortage 
of petrochemical energy resources greatly affects the industrial 
development of Taiwan. Moreover, the impact of carbon emissions 
to the environment, brought about by the global use of petrochemical 
energy, has also become another critical issue. Thus, energy saving and 
carbon reduction have become international movements.

To observe the rate of energy usage and impact to the national 
industries in Taiwan, we apply the DIS to the industrial structure of 
this country. We initially collected and classified data to establish the 
I/O tables in Section 4.1. Then, based on these I/O tables, time series 
analysis is applied in Section 4.2 to forecast the items of the other Figure 3: The Flow Chart of ARMA(p,q).
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input, final demand and intermediate demand of every industry in the 
desired year. Furthermore, using the Leontief Inverse, we analyzed the 
Industrial influence and performed the sensitivity analysis in Section 
4.3. Finally, in Section 4.4, we consider the possible scenarios to 
support the government in policy making, so that its environmental 
and economic goals can be achieved.

Data analysis and classification

Based on the information of domestic industries provided by the 
Directorate-General of Budget, Accounting and Statistics, Executive 
[16], we collected 11 Product Transaction Tables for the years 1981, 
1984, 1986, 1989, 1991, 1994, 1996, 1999, 2001, 2004, and 2006.

For the purposes of investigating the industries of energy resources, 
the changes in GDP and the sensitivity of industries, all industries are 
classified into nine sectors as following Table 2, It can be noted that 
sectors (I2), (I3) and (I8) are related to the energy industries, of which 
Sector (I2) refers to industries specializing in non-renewable natural 
sources of energy, such as petrochemical and natural gas; Sector 
(I3) represents the metal resource industries; and Sector (I8) mainly 
represents the industries generating electricity and water supply. Sector 
(I5) represents the industries manufacturing products from non-
renewable fossil resources [17].

Given that the surveyed data are not equally spaced, which means 
that the data are not available by each yearly interval, the Weighted 
Average Method is applied to fill the missing data from formulae (28).

ji
t i j

i j i j

ddy y y
d d d d

= +
+ +

                 (28)

where yt is the missing data to be estimated in between two given 
adjacent data, yi, and yt; and yt, yj are the yearly distances from yi, yj to 

yt respectively. From the above, we then obtain the evenly distributed 
input-output tables from 1981 to 2006.

Forecast of industrial structure

From (6), we forecast the other input, the final demand and the 
intermediate demand in the I/O tables. For the other input, we apply the 
VAR(p) model to forecast the other input and as illustrated in Figure 2. 
However, when we apply VAR(p) to the final demand and intermediate 
demand, the limited data cannot represent the real trend of the time 
series data. Therefore, we apply the ARMA(p,q) model shown as Figure 
3, to predict the final demand and intermediate demand. With the 
intermediate demand, we transform it into the Input Coefficient Table 
and the Leotief inverse matrix [18].

After forecasting the data of the other input, the final demand and 
input coefficient table, the structures of demand and supply in the years 
of 2010, 2015, 2020 and 2025 are summarized in Table 3.

From Table 3, it can be noted that while the GDP increases from 
28,554,915.0 in 2006 to 90,946,162.2 in 2025, the ratio of GDP descends 
gradually from 79.03% to 66.18%, respectively. On the other hand, the 
ratio of the other input increases gradually from 20.97% to 33.82%. 
This shows that in order to satisfy the demands, products need to be 
imported from abroad, in particular the fossil energy that Taiwan 
cannot sufficiently produce [19].

Meanwhile, the ratio of intermediate demand decreases gradually 
from 45.88% to 33.33%, whereas the ratio of final demand increases 
from 54.12% to 66.67%. Hence, the efficiency of using energy increases 
gradually. The number of products that are as intermediate inputs 
becomes less, while goods for consumption rise.

For detailed analysis, the GDP and the ratio of each industry are 
tabulated in Table 4:

From Table 4, we can observe that the total GDPs increase along 
with the years 2006, 2010, 2015, 2020, and 2025. Additionally, the ratio 
of GDP of service construction industries (I9) rises from 48.19% to 
61.39%, whereas he ratios for other industries have not significantly 
changed. This trend emphasizes that the service industries would be 
the main economic industries in the future. The profit generated by the 
service industries is also very large. In addition, we can observe that 
the trends of most industries in terms of GDP grow stably except the 
petrochemical and nature gas mining industries (I2) of petrochemical 
and nature gas mining industries. Specifically, the GDP of (I2) rises 
from 20,976 to 988,599.7 in 2015, descends to 204,530.4 in 2020, and 
rises again to 755,843.1 in 2025. This implies the unstable output of the 
fossil mining industry [20].

Furthermore, in order to conduct the scenario analysis on national 
scale, further aggregation of the industry sectors into the three major 
industrial sectors as agriculture (I1), manufacturing (I2–I8) and service 
(I9) is shown in Table 5, which provides bases for our scenario analysis.

Analysis of industrial influence and sensitivity

In order to analyze the degrees of influence and sensitivity of all 
future industries that we predicted, from the Leontief Inverse Matrix, we 
apply (8) and (10) to calculate the degrees of influence and sensitivity 
in 2006, 2010, 2015, 2020, and 2025. For comparison, those of the given 
data in the last year of 2006 and the furthest forecast year in 2025 are 
tabulated in Table 6 and the respective degrees of the industries in 2025 
are plotted in Figure 4.

Scenario Scenario 1 Scenario 2 Scenario 3
Goal Business as usual Energy conservation Carbon reduction

Reference Our research

Bureau of Energy,
Ministry of Economic
Affairs, Sustainable

energy police
convention, 2008.

Ministry of Economic
Affairs, National 

energy conservation 
and carbon reduction 

program, 2010.

Description
Follow the

same policy
from the past.

Promote government
organization to 

conserve Electronic 
and fossil energy and 
to reduce 7% by 2015.

The level of carbon
emission returns to 

2005 at year 2020 and 
returns to 2000 at year 

2025.

Techniques Time series
analysis

Influence and 
Sensitivity Analysis

Influence and 
Sensitivity Analysis

Table 1: Description of the Scenario.

 Industrial sectors
(I1)Agricultural industries
(I2)Petrochemical and nature gas mining industries
(I3)Metal and other mining industries
(I4) Food-processing, textile, tannery, fur product wood products, paper product, 
pesticides and chemical product industries
(I5) Petroleum product, coal product, plastics and balata industries
(I6) Metal and non-metal product industries
(I7) Electronic parts, computer, electronic, optic product power equipment, 
mechanical equipment, transportation, furniture, mechanical repairmen industries
(I8) Electric and fuel gas supply water supply industries
(I9) Service construction industries

Table 2: Classification of Taiwan Industries.
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From Figure 4, we may observe the following features with 
respective to four quadrants:

• The degrees of influence and sensitivity of industries in Quadrant 
I are greater than 1, indicating that those industries have the potential 
to promote other industries. 

• The degrees of influence and sensitivity of industries in Quadrant 
II are smaller than 1 and greater than 1, respectively. Thus, industries 
in Quadrant II can be easily affected by other industries. When other 
industries grow, the industries in Quadrant II will grow as well. 

• The degrees of influence and sensitivity of industries in Quadrant 
III are smaller than 1. These industries have low industrial relation and 
are stable. 

• The degrees of influence of industries in Quadrant IV are greater 
than 1, while the degrees of sensitivity are smaller than 1. Those 
industries have the potential to seriously affect other industries and are 
important industries. 

Furthermore, we can compare the industries we are interested in 
between 2006 and 2025. The degrees of sensitivity of petrochemical 
and nature gas mining industries (I2) became smaller which represent 
the (I2) will be used on the part of final consumption like oil and fuel. 
Therefore, we can observe that the degrees of influence and sensitivity 
of petroleum product coal, product plastics and balata industries 
(I5) become smaller and (I5) is also transformed from Quadrant I to 
Quadrant II which means the industrial role of (I5) become different. 

2006 2010 2015 2020 2025
Amount of 

money Ratio Amount of 
money Ratio Amount of 

money Ratio Amount of 
money Ratio Amount of 

money Ratio

GDP(1) 28554915.0 79.03% 38642694.7 78.03% 51739728.6 74.73% 64739441.1 69.49% 90946162.2 66.18%
Other input(2) 7576839.0 20.97% 10879233.6 21.97% 17492050.6 25.27% 28417658.0 30.51% 46475006.0 33.82%

Supply=Demand 
(1)+(2)=(3)+(4) 36131754.0 100.0% 49521928.3 100.0% 69231779.2 100.0% 93157099.1 100.0% 137421168.2 100.0%

Intermediate 
demand(3) 16578391.0 45.88% 20429206.5 41.25% 23423912.1 33.83% 30637753.3 32.89% 45799106.3 33.33%

Final demand(4) 19553363.0 54.12% 29092721.9 58.75% 45807867.1 66.17% 62519345.8 67.11% 91622062.0 66.67%

Table 3: The Predicted Industrial Structure of Taiwan (unit: million).

2006 2010 2015 2020 2025
GDP ratio GDP ratio GDP ratio GDP ratio GDP ratio

I1 451,227.0 1.58% 516,328.9 1.34% 519,682.0 1.00% 543,620.8 0.84% 683,785.1 0.75%
I2 20,976.0 0.07% 211,475.4 0.55% 988,599.7 1.91% 266,882.5 0.41% 755,843.1 0.83%
I3 75,980.0 0.27% 228,481.6 0.59% 177,726.3 0.34% 204,530.4 0.32% 244,802.0 0.27%
I4 1,750,701.0 6.13% 1,802,544.5 4.66% 1,683,198.2 3.25% 1,857,587.7 2.87% 2,474,095.1 2.72%
I5 3,171,769.0 11.11% 3,806,510.6 9.85% 4,346,270.3 8.40% 4,623,046.5 7.14% 6,520,560.9 7.17%
I6 2,720,331.0 9.53% 3,253,464.8 8.42% 2,117,356.9 4.09% 3,919,772.3 6.05% 5,249,467.1 5.77%
I7 5,893,187.0 20.64% 7,687,645.8 19.89% 9,976,467.5 19.28% 13,241,356.9 20.45% 17,538,288.1 19.28%
I8 710,479.0 2.49% 846,442.1 2.19% 980,415.6 1.89% 1,159,682.8 1.79% 1,649,697.7 1.81%
I9 13,760,265.0 48.19% 20,289,800.9 52.51% 30,950,012.2 59.82% 38,922,961.0 60.12% 55,829,623.2 61.39%

total GDP 28,554,915.0 100.00% 38,642,694.7 100.00% 51,739,728.6 100.00% 64,739,441.1 100.00% 90,946,162.2 100.00%

From Table 4, we can observe that the total GDPs increase along with the years 2006, 

Table 4: The Predicted GDPs of the Concerned Industry Sectors (unit: million).

2006 2010 2015 2020 2025
GDP ratio GDP ratio GDP ratio GDP ratio GDP ratio

I1 451,227.0 1.58% 516,328.9 1.34% 519,682.0 1.00% 543,620.8 0.84% 683,785.1 0.75%
I2~I8 14,343,423.0 50.23% 17,836,564.9 46.16% 20,270,034.4 39.18% 25,272,859.3 39.04% 34,432,753.8 37.86%

I9 13,760,265.0 48.19% 20,289,800.9 52.51% 30,950,012.2 59.82% 38,922,961.0 60.12% 55,829,623.2 61.39%
total 28,554,915.0 100.00% 38,642,694.7 100.00% 51,739,728.6 100.00% 64,739,441.1 100.00% 90,946,162.2 100.00%

Table 5: The Major Industrial Structures of Taiwan over Years.

2006 2025
RB RF RB RF

I1 0.8581 0.5090 0.9517 0.5172
I2 0.8880 1.6341 0.8580 1.3179
I3 0.9178 0.6121 0.8447 0.5632
I4 1.0904 0.7585 1.2241 0.8927
I5 1.3040 1.6123 0.9718 1.2565
I6 1.1932 1.1085 1.1235 1.1097
I7 1.1582 0.8258 1.4005 0.9910
I8 0.9602 0.5695 0.9963 0.6613
I9 0.6300 1.3702 0.6295 1.6906

Table 6: Comparative Degrees of Influence and Sensitivity Between Base Year 2006 and Future Year 2025.
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The degree of influence and sensitivity of electric and fuel gas supply 
water supply industries (I8) become higher which means the (I8) 
become more and more important with the continued exhaustion of 
petrochemical energy.

Scenario analysis

Recently, energy conservation and carbon reduction have become 
the most important goals for national environmental management. 
Meanwhile, GDP represents the economic situation of a country. In 
this section, we set three scenarios to analyze the relation between 
the environment and the economy. Referring to Table 1, the scenario 
assumptions for Taiwan are presented in Table 7. Apart from the 
economy development based on Scenario 1 as shown Table 4 and Table 
5, that based on Scenario 2 of energy conservation and carbon reduction 
of Scenario 3 can be referred to Table 8 and Table 10 respectively; of 
which the pair wise comparisons with respective to the based policy are 
analyzed and summarized in Tables 9 and Tables 11 respectively.

In Scenario 2, the GDP of petrochemical mining industries (I2) 
has to be lifted up to satisfy the national goal. Although the levels of 
the final demand and the other input of (I2), petroleum and carbon 
product industries (I5) and electric, fuel gas and water supply industries 
(I8) have been decreased, to retain the final demand of the national 
economy, the output of petrochemical and nature gas mining industries 
(I2) have to be increased. However, decreasing small amounts of the 
GDP values of metal and other mining industries (I3), petroleum and 
Carbon Product Industries (I5) and electric, fuel gas and water supply 
industries (I8) is possible to conserve electric and fossil energy.

Figure 4: The State and Comparison of Industrial Impacts Between 2006 
(∗) and 2025 (♦).

Generally, the total GDP in Scenario 2 is not much altered. In 
other words, as long as Taiwan can self-sufficiently produce more fossil 
energy, it can reduce the other input of fossil energy and achieve the 
goal of energy conservation with the same economic state. Moreover, 
the degree of energy dependency can be decreased to increase the 
degree of energy security. However, the fossil resource is rare in Taiwan. 
Thus, there is a need to increase the efficiency of mining operations 
or develop a new technology to increase the output of petrochemical 
mining industries (I2).

In Scenario 3, we can observe that there is a dramatic change in 
rate. First, the GDPs of agricultural industries agricultural industries 
(I1) and agriculture-processing product industries (I4) have to be 
increased. The rate change of petrochemical mining industries (I2) is 
very large: from -23.95% in 2015 to 40.84% in 2025, which could be 
affected by the large variance of petrochemical mining industries (I2) 
in Scenario 1 that we predicted. In comparison, the output of metal 
and other Mining Industries (I3), Petroleum and Carbon Product 
Industries (I5), Metal and Non-Metal Product Industries (I6) and 
Electric, Fuel Gas and Water Supply Industries (I8) should decrease by 
approximately 30% in 2025. The Electronic Product Industries (I7) and 
Service Industries (I9) should also decrease their output by 71.03% and 
6.74% in 2025, respectively.

In summary, from the decrease of the total GDP from 90,946,162.2 
to 70,887,419, the rate change of GDP is -22.06% in 2025, which implies 
that the total GDP will decrease yearly by 1.47% in average.

To sustain economic development, the input should be decreased 
but increase the output at the same time. In other words, increasing 
production efficiency is necessary to achieve the goal in Scenario 3.

When we categorize all industries into agriculture (I1), 
manufacturing (I2–I8) and service (I9) as Table 11, we can observe 
the industrial structure. In 2025, the output of agricultural increases 
from 683,785.1 to 704,653.9 with a ratio of 0.99%. The output of the 
manufacturing industry decreases from 34,432,753.8 to 18,115,318.1, 
with a ratio of 25.56%, while the output of the service industry decreases 
from 90,946,162.2 to 70,887,419, with a ratio of 73.45%. Thus, the 
service industry should be promoted and the manufacturing industry 
should be regulated to reduce the level of carbon emission.

Conclusion and Future Study
Due to the shortage of fossil energy and the crises resulting 

from the greenhouse effect, the issue of sustainability has become an 
increasingly important and urgent problem which requires immediate 
solutions. To achieve sustainable environmental and economic 
development, we propose a methodology for developing the proper 
industrial polices to gain a win-win situation in a nationwide scale. Due 
to the inter-relations of industries in the overall national economy, a 
Dynamic Industrial System (DIS) is developed in this study to analyze 
the trend of industrial development, with different scenarios of energy 
conservation and carbon emission in order to provide references for 
policy making of a government.

In the past, many studies have already placed on the issues of 
sustainability development. From the viewpoint of industrial strategies 
and national policies, the input-output analysis is a useful approach. 
However, based on the statistical input-output tables, the input-output 
analysis is static and cannot accurately predict the trend of development 
in the future. In order to investigate the impact of different polices for 
industrial sustainability, we have applied the time series analysis to 

Scenario Scenario 1 Scenario 2 Scenario 3
Goal Business as usual Energy conservation Carbon reduction

Assumption

The trend of time 
series data in 

the future will be 
related to the data

in the past.

Assumption 1: Based 
on classification, I2, I5

and I8 are the main 
industries consuming 
electronic and fossil 
energy. Assumption 
2: The ratio of the 

goal government set 
extends to 2025 year.

Assumption 1: Based 
on classification, I2,
I4~I7 and I8 are the 

main industries
emitting carbon.

Assumption 2: The
level of carbon 

emission returns to
2010 in 2015 year.

Application

Apply the time 
series analysis to 
forecast the trend 

from the data in the 
past. 

Let the level of final
demand and other input

of I2, I5 and I8
industries reduce 14%

accumulated until 2025.

Let the level of final
demand and other

input of I2, I4~I7 and
I8 industries return to
2010 in 2015, return 
to 2005 in 2020 year 
and returns to 2000 

in 2025 year.

Table 7: Content of the Scenarios.
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2006 2010 2015 2020 2025
GDP ratio GDP ratio GDP ratio GDP ratio GDP ratio

I1 451,227.0 1.58% 516,328.9 1.34% 519,682.0 1.00% 543,620.8 0.84% 683,785.1 0.75%
I2~I8 14,343,423.0 50.23% 17,829,740.6 46.15% 20,271,511.7 39.18% 25,285,359.3 39.05% 34,465,408.7 37.88%

I9 13,760,265.0 48.19% 20,289,800.9 52.52% 30,950,012.2 59.82% 38,922,961.0 60.11% 55,829,623.2 61.37%
Total 28,554,915.0 100.00% 38,635,870.5 100.00% 51,741,205.8 100.00% 64,751,941.1 100.00% 90,978,817.1 100.00%

Table 8: Major Industrial Structures Resultant From Scenario 2.

2006 2010 2015 2020 2025
GDP ratio GDP ratio GDP ratio GDP ratio GDP ratio

I1 451,227.0 1.58% 516,328.9 1.34% 530,014.8 1.10% 578,490.5 1.07% 704,653.9 0.99%
I2~I8 14,343,423.0 50.23% 17,836,564.9 46.16% 17,120,271.4 35.60% 16,401,652.5 30.32% 18,115,318.1 25.56%

I9 13,760,265.0 48.19% 20,289,800.9 52.51% 30,446,962.7 63.30% 37,115,657.9 68.61% 52,067,447.0 73.45%
Total 28,554,915.0 100.00% 38,642,694.7 100.00% 48,097,248.9 100.00% 54,095,800.9 100.00% 70,887,419.0 100.00%

Table 10: Major Industrial Structures Resultant from Scenario 3.

Scenario Scenario1 Scenario2 Rate of change
Year 2010 2015 2020 2025 2010 2015 2020 2025 2010 2015 2020 2025
11 516,328.9 519,628.0 543,620.8 683,185.1 516,154.3 519,402.0 543,238.8 683,293.4 -0.03% -0.05% -0.07% -0.07%
12 211,475.4 988,599.7 266,882.5 755,843.1 239,711.4 1,052,210.6 381,987.5 942,699.4 13.35% 6.43% 43.13% 24.72%
13 228,481.6 177,726.3 204,530.4 244,802.0 227,443.5 175,888.2 201,929.8 241,764.4 -0.45% -1.03% -1.27% -1.24%
14 1,802,544.5 1,683,198.2 1,857,587.7 2,474,095.1 1,801,780.7 1,681,931.9 1,855,376.1 2,470,787.9 -0.04% -0.08% -0.12% -0.13%
15 3,806,510.6 4,346,270.3 4,623,046.5 6,520,560.9 3,779,714.2 4,302,114.0 4,554,665.6 6,421,227.6 -0.70% -1.02% -1.48% -1.52%
16 3,253,464.8 2,117,356.9 3,919,772.3 5,249,467.1 3,252,186.3 2,115,258.6 3,912,469.5 5,236,920.5 -0.04% -0.10% -0.19% -0.24%
17 7,687,645.8 9,976,467.5 13,241,356.9 17,538,288.1 7,688,030.0 9,977,307.8 13,242,587.2 17,538,803.1 0.00% 0.01% 0.01% 0.00%
18 846,442.1 980.415.6 1,159,682.8 1,649,697.7 840,874.4 699,800.4 1,136,343.6 1,613,205.9 -0.66% -1.39% -2.01% -2.21%
19 20,289,800.9 30,950,012.2 38,922,961.0 55,829,623.2 20,289,788.1 30,949,832.8 38,922,303.5 55,825,088.3 0.00% 0.00% 0.00% -0.01%

total 38,642,694.7 51,739,728.6 64,739,441.1 90,946,162.2 38,635,683.1 51,740,746.5 64,750,901.6 90,973,790.3 -0.02% 0.00% 0.02% 0.03%

Table 9: Comparison between Scenario 1 and Scenario 2.

Scenario Scenario1 Scenario3 Rate of change Rate of change
Year 2010 2015 2020 2025 2010 2015 2020 2025 2010 2015 2020 2025
11 516,328.9 519,682.0 543,620.8 683,785.1 516,328.9 530,014.8 578,490.5 704,653.9 0.00% 1.99% 6.41% 3.05%
12 211,475.4 988,599.7 266,882.5 755,843.1 211,475.4 751,875.7 547,332.6 1,064,525.5 0.00% -23.95% 105.08% 40.84%
13 228,481.6 177,726.3 204,530.4 244,802.0 228,481.6 157,163.7 141,664.7 151,651.5 0.00% -11.57% -30.74% -38.05%
14 1,802,544.5 1,683,198.2 1,857,587.7 2,474,095.1 1,802,544.5 1,820,179.2 2,390,931.2 3,128,121.7 0.00% 8.14% 28.71% 26.43%
15 3,806,510.6 4,346,270.3 4,623,046.5 6,520,560.9 3,806,510.6 3,925,545.9 3,411,319.2 4,059,154.4 0.00% -9.68% -26.21% -37.75%
16 3,253,464.8 2,117,356.9 3,919,772.3 5,249,467.1 3,253,464.8 1,801,374.1 2,623,141.2 3,444,299.7 0.00% -14.92% -33.08% -34.39%
17 7,687,645.8 9,976,467.5 13,241,356.9 17,538,288.1 7,687,645.8 7,774,786.2 6,367,764.4 5,080,499.2 0.00% -22.07% -51.91% -71.03%
18 846,442.1 980,415.6 1,159,682.8 1,649,697.7 846,442.1 889,346.6 919,499.1 1,187,066.2 0.00% -9.29% -20.71% -28.04%
19 20,289,800.9 30,950,012.2 38,922,961.0 55,829,623.2 20,289,800.9 30,446,962.7 37,115,657.9 52,067,447.0 0.00% -1.63% -4.64% -6.74%

Total 38,642,694.7 51,739,728.6 64,739,441.1 90,946,162.2 38,642,694.7 48,097,248.9 54,095,800.9 70,887,419.0 0.00% -7.04% -16.44% -22.06%

Table 11: Comparison between Scenario 1 and Scenario 3.

overcome this disadvantage and observe the dynamic relations of the 
industrial sectors.

Furthermore, based on the properties of influence and sensitivity 
analyses, we have conducted scenario analyses on three aspects: basic 
case, energy conservation, and carbon reduction. It has been shown 
that DIS can provide an analytical tool to initiate industrial policies 
which would facilitate a government to attain the aim of a win-win 
situation for the environment and the economy.

We have demonstrated the proposed system with the case of 
Taiwan. First, we have reclassified all industries into nine sectors of 
industries in interest: agricultural industries (I1), petrochemical mining 
industries (I2), metal and other mining industries (I3), agriculture-
processing product industries (I4), petroleum and carbon product 
industries (I5), metal and non-metal product industries (I6), electronic 
product industries (I7), electric, fuel gas and water supply industries 

(I8) and service industries (I9) as shown in Table 2. We then employed 
DIS to forecast the industrial relations and states.

From the trend of demand and supply, we have observed that from 
the supply side, the ratio of the other input increases, while that of GDP 
decreases. In contrast, from the demand side, the ratio of intermediate 
demand decreases and that of final demand increases as shown in 
Table 3. This is a potential problem resulting in the decrease of our 
national output. Therefore, decreasing the energy and production 
dependency would be essential in avoiding the decrease of Taiwan’s 
national output. In the meantime, the increasing ratio of final demand 
represents a good phenomenon, i.e., increased national production 
efficiency. The industrial structure also points out that the ratio of GDP 
for the agriculture, manufacturing, and service industries would be 
0.75%, 37.86% and 61.39%, respectively, by 2025 as shown in Table 5.

From the influence and sensitivity analyses detailed in Figure 
4, we realize that the metal and non-metal sectors (I6) are the key 



Citation: Wang HF, Lin D (2013) Dynamic Industrial System Approach to the Industrial Sustainability Development Based on National Economy–With 
a Case of Taiwan. Ind Eng Manage 2: 118. doi: 10.4172/2169-0316.1000118

Page 10 of 10

Volume 2 • Issue 5 • 1000118Ind Eng Manage
ISSN: 2169-0316, IEM an open access journal 

and indispensable industries for economic development, while the 
agriculture-processing sectors, namely, the Agriculture-Processing 
Product Sector (I4) and Electronic Product Industries (I7) are 
important industries that can affect the growth of other industries. 
Including comparison based on Figure 4.

In summary, for the scenarios of energy conservation, we suggest 
the Taiwan government to increase the output of Petrochemical 
Mining Industries (I2) to balance the supply and demand of energy. For 
Taiwan, energy dependency is very high because of rare fossil energy. 
Therefore, the national government should increase energy efficiency 
and develop the technology of Petrochemical Mining Industries (I2) to 
gain a higher degree of energy security and sustainable development.

For the scenario of carbon reduction, policymakers may consider to 
regulate the manufacturing industry and promote the service industry 
to become the main economic industry with a high ratio of 73.45% 
by 2025 as shown in Table 10. At the same time, the agriculture-
processing product industries (I4), metal and non-metal product 
industries (I6) and electronic product industries (I7) can still play 
important roles because of their high degrees of influence. Increasing 
production efficiency in these sectors would be a good way to decrease 
carbon emission.

Future investigations covering the topics in practice below can be 
conducted as an extension of this study:

1. Add sample size to increase the lag period parameter p in the
VAR(p) model and improve the accuracy of forecast. 

2. Monitor both global and national environmental issues in order
to develop updated strategies in the proposed DIS so that specific 
policies for industrial sustainability development can be evaluated and 
formulated. 
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