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Abstract 

The concept and expression of the industrial structure are very popular and 
familiar. However, these measurement or indicators are still restricted to arise 
industrial transition and greening. To build appropriate indicators to reflect the 
industrial transformation, this research designs a series of indicators to measure the 
value-added improving and cleaning effects. The man conclusions of our results in the 
case of Taiwan data include (1) the value-added improving effect and cleaning effect 
are various between different groups, which implies specific and diverse industrial 
policies need to design for each group; (2) the industrial sectors in each interval are 
not exactly the same between different years, which displays some industries did not 
perform stable such that some indicators to present stability have to be established 
further. 

 
1. Introduction 

According to the global ecological footprint (GEF) which is estimated by WWF, 
the ecological footprint of human is already more than the earth’s biocapacity up to 
50% in 2007. It was double from 1966 to 2007, which is mainly attributed to the 
growth of "carbon footprint". GEF will be double again in 2030, which means human 
will need two earths to maintain the population and basic consumption in 2030. 

Therefore, in the late 1990s, accelerating industrial transition and decoupling 
economic growth and environmental load have drawn the attention of the 
international community, and lots of related policies and researches have been 
explored. For example, the International Human Dimensions Programme on Global 
Environmental Change (IHDP) was launched in 1999 together with the global 
industrial transformation project, which focused on the complex interaction between 
social and environmental, the driving force of change and the development of low 
MER-intensive industries. 

 



	   2	  

De Bruijn and Norberg-Bohm (2005) evaluated industrial transformation effects 
of 12 innovative voluntary program, which focused on the change of the production 
and consumer structure of various industrial to observe their performance on 
sustainable social and environmental benefit. And "Decoupling Environmental 
Impacts from Economic Growth" has become the main purpose of OECD 
Environmental Strategy for the First Decade of the 21st Century. 

The concept and expression of the industrial structure are very popular and 
familiar. However, these measurement or indicators are still restricted to arise 
industrial transition and greening. The main purpose of industrial transformation is 
improving industrial structure, promoting development of green industries, 
decoupling economic growth and environmental impact. Such that the first priority 
strategies include enhancing the MER efficiency, adjusting the energy mix, 
decoupling economic growth and environmental impact. Hence industrial 
transformations can be regarded as the broad industrial restructuring. 

The question is whether the industries are transforming? How to measure? Does 
the direction of industrial transformation fit the development path of green economy 
and green industries? To solve these problems, we need appropriate indicators to 
reflect the industrial transformation. Although there have been some industrial 
transition indictors such as EBRD’ transition and structural change indicators, and 
there are rich green growth indicators like environmentally weighted material 
consumption, energy intensity, CO2 productivity and so on, but they can not present 
the change of industrial structure and greening at the same time. Thus the aim of this 
paper is building appropriate indicators and discussing the trend of Taiwan. 

 
2. Nonparametric MER Density-Structure Function 

To measure the change of industrial structure and greening at the same time, we 
use the nonparametric MER (material, energy and resource) density-structure function. 
In figure 1, the horizontal axis represents each industry’s MER density (e.g., density 
of carbon, density of energy, density of water resource), the vertical axis represents 
the proportion of added value. The curve is drawn by using the input-output table of 
2001 and 2006. Because the total proportion of added value is equal to 1, the curve 
has the characteristic of probability density function, and called MER 
density-structure function. This curve moves to reflect the trend of industrial 
transformation as time goes by. 
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Source: this research. 

Figure 1. Energy density-structure curve of Taiwan’s industries 
 
Since there are so many industrial sectors and MER density structure curve is 

base on the nonparametric density function, we can divide the whole industries into 
multiple intervals from low to high, e.g. all sectors we have are S, they are divided 
into R intervals, each interval ( Rr ,...,2,1= ) contains rS  industrial sectors, i.e. 

𝑆!!
!!! = 𝑆. Then the indicators for each interval could be observed: 

(1)  Weighted MER of each interval 
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As time passes by, a decreasing WMER means the intensity of interval r tends 
to improve. Eq. ( 1 ) can be written as Eq. ( 2 ) as follows: 

1 1

( ) ( ) ( )( )
(( )

( ) ( )
) ( )

( ) ( )
r rS S rrs rs rs

rs
r r

rs s
r GDP t

VA t MER t GDP
VA t VA t MER t

MER t
GDP t G

t
VA DP tt= =

⋅
⎡ ⎤ ⎡ ⎤

= ⋅ ⋅ ⋅ ⋅⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦

∑ ∑
 ( 2 ) 

(2)  Expected MER of whole industry  
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Share of GDP
(%)

MER Share of GDP
(%)

MER

27 Electricity and Steam 1.79 78.70 1.22 172.94
05 Minerals 0.46 41.92 0.28 110.73
16 Non-Metallic Mineral Products 0.58 67.53 0.47 109.37
14 Chemical Products 2.87 54.00 2.35 105.75
17 Iron 0.82 66.65 1.14 71.70
04 Fishery Products 0.47 22.20 0.23 63.66
30 Transportation and Storage 3.56 29.38 2.78 53.67
09 Fabrics 0.92 22.03 0.58 27.41
18 Other Metals 0.21 17.43 0.26 26.18
13 Paper and Paper Products 0.93 15.73 0.54 21.38
06 Foods and Beverages 0.70 14.64 0.48 18.36
26 Construction 2.97 19.11 2.86 12.74

2001 2006
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As time passes by, a decreasing EMER indicates the intensity the intensity of 
all industry tends to improve. 

(3)  Mode of MER of each interval 

 MOr =MERrs VArs GDPr>VArq GDPr ,∀s≠q
         ( 4 ) 

The mode of MER means the highest proportion of added value in interval r. 
A decreasing MOr indicates that there appears greening improvement in interval r. 

(4)  Cleaning production indicators of each interval 

( / ) (1 )( / )
δδ δ

r r r rGPI β MO WMER β MO EMER⎡ ⎤= + −⎣ ⎦       ( 5 ) 

Where 0 < β <1 , 0 ≠ 𝛿 ≤ 1. A decreasing GPIr indicates that the production of 
interval r is getting more clean.  

(5)  Cleaning production indicators of whole industry  

[ ]1
( / )R

r rr
GPI VA GDP GPI

=
= ⋅∑          ( 6 ) 

The smaller GPI gets, the more greening improvement the whole industry is.  

(6)  Value-added improving indicator of each interval 

[ ]1
( / ) /rS
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=
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The larger HVIr are, the greater value-added the interval r expands.  

(7)  Value-added improving indicators of whole industry 

1
( / )R

r rr
HVI VA GDP HVI

=
= ⋅∑           ( 8 ) 

The larger HVI is, the greater value-added the whole industry expands. 

(8)  Overall industrial transformation indicator 

We consider the industry’s cleaning and value-added at the same time to 
measure the degree of the industry transformation, which is defined as follows:  

1/
(1 )

ρρ ρITI αGPI α HVI⎡ ⎤= + −⎣ ⎦ , where 0 < 𝛼 < 1,0 ≠ 𝜌 ≤ 1   ( 9 ) 
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3. The Case of Taiwan 
According to the definitions above, we use the energy intensity and the 

proportion of added value data (see Fig. 1) to calculate associated indicators in Eq. 
( 1 ) to ( 9 ), and the results are shown in Table 1. Based on the results, there exists 
cleaning effect and value-added improving effect overall during the period from 2001 
to 2006, since EMER change rate is less than 0 and HVI change rate is greater than 0. 
Cleaning effect mainly comes from industries of lower energy intensity (0 <
𝑊𝑀𝐸𝑅! ≤ 30) and higher energy intensity interval (70 <𝑊𝑀𝐸𝑅!). There is no 
obvious greener or worse evidence in the middle group. Value-added improving effect 
comes from industries of medium and low energy-intensive (𝑊𝑀𝐸𝑅! ≤ 70), there is 
no value-added improving effect in the group whose energy-intensive is more than 90. 

Table 1. Industrial Transformation Indicator of Taiwan 

Indicator Year / % 
Class Interval 

0-30 31-50 51-70 71-90 91- 

WMERr 
2001 5.25 41.92 58.28 78.70 230.97 
2006 4.30 - 58.73 71.70 225.10 

% -18.14 - 0.76 -8.90 -2.54 

MO r 
2001 3.96 41.92 54.00 78.70 225.00 
2006 4.14 - 53.67 71.70 105.75 

% 4.77 - -0.61 -8.90 -53.00 

GPIr 
2001 0.31 0.53 0.52 0.60 0.79 
2006 0.40 - 0.53 0.61 0.39 

% 27.48 - 1.74 1.14 -49.82 

HVIr 
2001 0.07 1.00 0.51 1.00 0.92 
2006 0.10 - 0.86 1.00 0.29 

% 39.13 - 69.83 0.00 -68.58 
  

EMER 
2001 415.12 
2006 359.82 

% -13.32 

GPI 
2001 0.30 
2006 0.38 

% 27.58 

HVI 
2001 0.13 
2006 0.15 

% 18.04 

ITI 
2001 0.21 
2006 0.26 

% 23.76 

Source: this research. 
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There is one important result is that the industrial sectors in each interval are not 
exactly the same between different years. For example, in figure 1, the iron industry 
belongs to 50 <𝑊𝑀𝐸𝑅! ≤ 70 in 2001, but it belongs to 70 <𝑊𝑀𝐸𝑅! ≤ 90 in 
2006. Obviously, the iron industry did not perform the cleaning pattern during the 
period from 2001 to 2006. The transportation and storage industry belongs to 
0 <𝑊𝑀𝐸𝑅! ≤ 30  in 2001, but it belongs to 50 <𝑊𝑀𝐸𝑅! ≤ 70  in 2006. 
Obviously, the transportation and storage industry showed outstanding performance in 
value-added improving, but it’s cleaning effect got worse. 
 
5. Conclusion 

To build appropriate indicators to reflect the industrial transformation, this 
research designs a series of indicators to measure the value-added improving and 
cleaning effects. Otherwise, with the input-output table of Taiwan in 2001 and 2006, 
these indicators are calculated and interpreted two key conclusions. First, the 
value-added improving effect and cleaning effect are various between different groups, 
which implies specific and diverse industrial policies need to design for each group. 
Second, the industrial sectors in each interval are not exactly the same between 
different years, which displays some industries did not perform stable such that some 
indicators to present stability have to be established further. 


