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Background

Chinese steel sector played an important role in the
development of China’s economy, and the total production
climbed up very quickly.

The excess capacity phenomenon in Chinese steel industry has
emerged since the period of Tenth Five-Year Plan, and the
capacity utilization of China’s steel is low.

The difference of steel sector between different regions is
obvious such as production technology, product structure and
market demand.

Regional technical efficiency characteristics can help us
analyze regional differences and its influencing factors, and
provide some policy implications.
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Existing Research Content

These existing study issues can be divided into two categories:

research from the perspective of steel-making technology.

research from the perspective of productivity and efficiency
performance.

For the study of productivity and efficiency performance in Chinese
steel sector:

productive and technical efficiency has been studied based on
firm-level data sets, and few uses regional data sets.

technical efficiency measures the maximum possible expansion
of the outputs for a given level of the inputs and technology,
i.e. the ability of a production unit to produce as much
outputs as the inputs allow.
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Existing Research Method

Data Envelopment Analysis (DEA) is a nonparametric approach
developed by Charnes et al. (1978) as a technique to assess the
performance of DMUs.

Advantages: measure the relative efficiency under the
situations in which there are multiple inputs and outputs.

Shortcomings: deal with the internal production process as a
black box when measuring the efficiency and ignores the
information on the production process.

Can we have a greater insight in the DMU production process
by Network DEA method?

Therefore, this paper will study the technical efficiency of steel
sector based on regional data sets by Network DEA methods.
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Traditional DEA

Now we consider a production system with n DMUs, and each
DMU has three factors: input indicators, intermediate product
indicators and output indicators, as represented by three vectors:
x ∈ Rm, z ∈ Rp, y ∈ Rl . We define the matrices as follows:

Input matrix: X = [x1, x2, · · · , xn] ∈ Rm×n

Intermediate matrix: Z = [z1, z2, · · · , zn] ∈ Rp×n

Output matrix: Y = [y1, y2, · · · , yn] ∈ Rl×n

Notation:

Traditional DEA methodology considers intermediate products
as inputs or outputs by different researchers.

The choice of input-oriented or output-oriented DEA methods
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Traditional DEA

Input-oriented DEA:

ρ∗ = min θ0

s.t.


θ0x0 ≥ Xλ

y0 ≤ Yλ
n∑

j=1
λj = 1, λ ≥ 0, 0 ≤ θ0 ≤ 1

Output-oriented DEA:

ρ∗ = min θ0

s.t.


x0 ≥ Xλ

θ0y0 ≤ Yλ
n∑

j=1
λj = 1, λ ≥ 0, 0 ≤ θ0 ≤ 1
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Network DEA

How the network DEA method works?

In the network DEA framework, the production process can be
divided into two or more sub-DMUs production processes, and
part of the inputs (or outputs) for one sub-DMU are produced
(or consumed) by other sub-DMUs.

For simplicity, we consider a two-stage network DEA model as
shown in the following figure:

The production possibility set (P) is defined by

P = {(x , z , y)|x ≥ Xλ, z = Zλ, y ≤ Yλ, λ ≥ 0}
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Network DEA

For evaluating DMU0(x0, z0, y0), the two-stage network DEA
model can be formulated as follows.
Unoriented two-stage network DEA:

ρ∗ = min θ0

s.t.



θ0x0 = Xλ+ Sx

z0 = Zλ
ε0y0 = Yλ− Sy

Sx ≥ 0, Sy ≥ 0, λ ≥ 0,
n∑

j=1
λj = 1

θ0 + ε0 = 2, 0 ≤ θ0 ≤ 1, ε0 ≥ 1

where S = (Sx , Sy ) corresponds to the slack variables in inputs
and outputs.
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Indicators Data

For the indicators used in the network DEA model:

Input indicators:
(1) investment in fixed assets in steel industry
(2) the number of employed persons at the end of each year

intermediate indicaror: pig iron

final output indicators: crude steel and finished steel

Data

panel data of the Mainland China’s 26 provinces, autonomous
regions or municipalities

period: 2006 to 2010
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Descriptive statistics

There is a larger number in standard deviation (Std.Dev) for all
indicators, which means the great regional differences.
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Correlation coefficient between indicators

There is a significantly positive correlation between output and
input indicators at the significance level of 1%, which meets the
isotonic condition in the DEA methodology framework.
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Area division

These three areas have significant differences in many aspects:

GDP contribution and economic development in eastern area
are obviously higher
steel industry in eastern area has the advantages of port
transportation and market demand
central area is the base of agriculture, and western area is
least developed
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Comparison results between In-DEA and Out-DEA models

efficiency scores produced from In-DEA and Out-DEA are
significantly different (mean, median and variance)

comparison results are robust for different test methods

treat pig iron as input or output will affect the efficiency scores
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Comparison results

We will consider a unifying framework by the network DEA to
avoid this dilemma

The correlations between efficiency scores produced from In-DEA
or Out-DEA and those produced from Network DEA are higher
than that from In-DEA and Out-DEA.
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Provincial efficiency results

Based on the above comparison analysis, in the following we
measure the efficiency by network DEA model.
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Provincial efficiency results

Findings:

there is a steady rise of technical efficiency from 2006 to 2010
(Eleventh Five-Year plan)

the technical efficiency of most provinces has an obvious fall
in the years of 2007 and 2008, when the sub-prime financial
crisis has happened (consumption expectation–export).

the technical efficiency of some provinces has larger
fluctuations

the province of Inner Mongolia has the lowest technical
efficiency (low value-added products)

Need further statistical test to explain these phenomenons!!!
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Regional efficiency results

technical efficiency of steel sector in three areas increases from
west to east (coastal location, level of economic development
and market demand)

central area is better than west area in efficiency increasing
rate
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Conclusions

Assesse the performance of regional technical efficiency of
Chinese steel sector by a network DEA method.

Give a comparative analysis on efficiency differences between
traditional DEA method and network DEA method, and
demonstrate the advantages of network DEA method.

The empirical results provide some evidence on the
development tendency and characteristics of regional technical
efficiency of Chinese steel sector.

Policy implications: optimize the steel industrial layout
according to inland and coastal region characteristics, adjust
the steel product structure.
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Further research

This paper is a try to measure and analyze the technical efficiency
of Chinese steel sector based on the network DEA method, and a
promising area of future research is probably:

For avoiding the finite sample basis, we can study the
bootstrap technique corresponding with network DEA model

The convergence technique (similar with economic growth
theory) can help us to carry out an in-depth analysis of
regional efficiency (development characteristics, differences)

explore the possible impact factors of the technical efficiency
in Chinese steel industry (economy scale, product structure,
industry characteristics and regional location)
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Thanks & Questions!
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