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ABSTRACT

Price variation is one of the major factors taken into account in
cost control decision in construction projects.  Previous researches
have focused on the short-term price prediction of a merchandise
within a closed single market without considering the long-term effect
by interacting with other markets.  The econometric methods such as
structural break test, co-integration analysis, and Granger causality
test were used to examine the dynamic short-term and long-term
relationships of steel prices between two different markets, Taiwan
and China, over the period of 1995 ~ 2004.  The steel price of China
was found to have the leading discovery function by the following
evidence.  The structure change of China steel market leads Taiwan
steel market at least six months and these two markets are co-
integrated into a long-term equilibrium relationship.  In addition, a bi-
directional causality exists between these two markets suggested by
the results from Granger causality test.

INTRODUCTION

According to the Industrial Technology Intelli-
gence Services [16] survey, China’s raw steel consump-
tion increased from 141 million tons in 2000 to 236
million tons in 2003, an average increase of 24.8% per
year.  Over the same period, the market price of steel in
Taiwan increased 200%, from approximately US$250
per ton in 2000 to US$550 per ton in 2003.  Do these
suggest that the changes in demand and price within
these two markets can substantially affect each other?

Conventional reasons suggest that the high volatil-
ity of the steel price is the result of the relationship
between market supply and demand.  But economic
globalization and the process of liberalization have

accelerated the integration of world markets in recent
years.

Because the information of price movement in one
market can transmit instantly to another market, world
markets are dependent upon each other more than before.
Under certain circumstances, one market may lead
another.  Therefore, understanding the dynamic price
relationship between different markets and testing this
relationship to see if it is a structure change of long-term
trend or short-term shock plays an important role in
making cost-control decisions in the construction
industry.  As mentioned above, if the steel price in-
creases by 200% in Taiwan, it implies that the material
cost has increased by 200% for the construction industry,
especially during 2000 ~ 2003.  Thus, uncertainty is a
characteristic of construction industry.  Because of the
long periods involved in construction, variations in the
price of materials are the main factors influencing costs
and profits of construction.

Accordingly, analysis of the long-term trend and
variations in the price of materials does help improve
the quality of decision making in the construction in-
dustry which is a major objective of construction man-
agement [2].

Past economic research in construction manage-
ment has focused on the following:

In the United Kingdom, Akintoye & Skitmore
analyzed the accuracy of three different models: the
tender price index (TPI) produced by the Building Cost
Information Service (BCIS) system, the Davis, Langdon
& Everest System, and Akintoye & Skitmore’s reduced-
form simultaneous equation for forecasting movement
in macro building prices [2].  But these three models do
not consider the changes in external economic circum-
stances.  For example, a severe economic recession will
decrease the accuracy of forecasts made by these three
models.

Fitzgerald and Akintoye [10] used a number of
quantitative methods to assess the accuracy of TPI
produced by experts for BCIS.  These methods included
mean error (ME), mean absolute error (MAE), mean-
square error (MSE), root-mean-square error (RMSE),

DYNAMIC  RELATIONSHIP  OF  STEEL  PRICES
BETWEEN  TWO  DIFFERENT  MARKETS:

TAIWAN  AND  MAINLAND  CHINA

Yong-Huang Lin* and Yun-Wu Wu**



Journal of Marine Science and Technology, Vol. 14, No. 4 (2006)244

Theil U inequality coefficient (TUIC)1, and mean abso-
lute percentage error (MAPE).  Wang and Mei [27] used
a time-series model, the Auto Regressive Integrated
Moving Average (ARIMA) method to build a Taiwan
Construction Cost Index (TCCI) model which forecasts
the short-term construction cost indices in Taiwan.
Then, Huang, Yang, and Wang [14] added a structural
dummy variable to the existing TCCI model, which can
increase the forecasting accuracy of the TCCI model.

The contributions of the above-mentioned past
research focused mainly on short-term forecasting and
different methods to improve forecasting accuracy.
However, the methodologies used in the above studies
limited them to an estimation of some short-term dy-
namic process only in one variable (the market itself),
and do not allow testing and explaining the action of
long-term equilibrium and the interrelationship between
two variables (markets).

Hence, this study employs the techniques of co-
integration analysis, structural change, vector error cor-
rection model (VECM) and Granger causality analysis
to investigate the long-term equilibrium relationships
between integrated variables, which were not shown in
previous studies.  This study has four purposes.  Firstly,
to use an extension of general equilibrium theory to
explain the price variation from the market structure
change of demand and supply between two markets.
Secondly, to examine the long-term equilibrium rela-
tionship between China and Taiwan steel markets by co-
integration analysis.  Thirdly, to examine whether exist-
ing a structural change of steel price in China market or
Taiwan market, empirical result finds that the occur-
rence of structural change in China leads Taiwan by half
year.  Fourth, to examine the short-term relationship
between China and Taiwan markets using an error cor-
rection model and the Granger causality test.

The remainder of this paper is organized as follows.
First, a theoretical foundation that underlies the subse-
quent empirical results will be provided.  This will be
followed by a description of the econometric method
used in this study.  Then, the data and empirical results
will be presented.  Lastly, conclusions will be summa-
rized.

BACKGROUND

As for the overall development and changes in
price trends for the global steel market, at the beginning
of the 1970s, monetary inflation and the bubble economy
resulted in a rise in steel prices.  The first energy crisis
during 1973 ~ 1974, along with the second energy crisis
during 1979 ~ 1980, caused the inflation that led to an
increase in steel prices [15].  The subsequent Five
Nations’ Plaza Agreement caused the U.S. dollar to
depreciate, and coupled with the initiation of the Japa-
nese bubble economy, steel prices rose (Figure 1).

After the 1980s, the variation in supply and de-
mand led to the changes in steel material prices.  Fol-
lowing the collapse of Soviet Union during 1990, the
new CIS released a huge surplus of priced material into
the world steel market, especially into the Asian region.
This forced the global steel supply to far exceed the
demand, making steel material prices all over the world
slack to a low point.

After the Great Hanshin-Awaji Earthquake in 1995,
the demand in steel usage increased to exceed the supply,
causing steel prices to increase.  With the occurrence of
the Asian Financial Crisis in 1997 reduced the demand
and caused steel prices to again fall [3].

China becomes the main driving force of growth in
global steel price since 2002 [16].  This is “China
Demand Effect”.  The main reason was the growth in
China’s dynamic economy (urbanization, the fast de-
velopment in infrastructures, and to host the Olympics
required the construction of enormous sports facilities).
Therefore, China will be unable to produce sufficient
amounts of steel to meet with the demand of high-
quality steel products in the market, and must rely on
importation of partial steel materials from abroad [26].

China’s fast economic development has caused the
flow of raw materials into China from all over the world.
Because of the nearby geographic location, the com-
parative advantage increases the steel materials ex-
ported from Taiwan to China year by year.  It has
changed the original state of material prices and supply
and demand of the two markets.  The mutual influences
and price fluctuations between them are worthy for our
research.

EXPLANATION  BASED  ON  ECONOMIC
THEORY

1. The market function

This study focuses on the steel market, as an
example, to explain market function.  Market function
was always explained by a general equilibrium theory
and presented in a demand-supply diagram as in Figure

1 Theil U inequality coefficient – this is UK construction tender price index
forecasts

U =
(1/n )* (e t )

2Σ
t = 1

n

(1/n )* (A t )
2Σ

t = 1

n

U attains its smallest value when forecasts are perfect and is in most cases
confined to the closed interval between zero and unity (Theil, 1978).



Y.H. Lin & Y.W. Wu: Dynamic Relationship of Steel Prices Between Two Different Markets: Taiwan and Mainland China 245

2.  Suppose that the consumer demand of steel is
changing, which causes the demand curve to shift to the
right.  This is illustrated in Figure 2, where the demand
curve shifts from DD’ to D1D1'.  During the equilibrium
situation, when DD’ is the demand curve, the equilib-
rium price is OP0.  But when the demand curve shifts to
D1D1', a shortage of (OQ1 – OQ0) develops at this price.
That is, the quantity demanded exceeds the quantity
supplied at this price by (OQ1 – OQ0).

Consequently, suppliers raise their price.  After
market reactions and adjustments, the market will tend
to settle at OP1, the new equilibrium price, and the
quantity will tend to settle at OQ1.

Fig. 2.  Demand and supply diagram.
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Fig. 3.  Demand and supply diagram.
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Supply curves, like demand curves, shift over
time.  What happens to the equilibrium price of steel
when its supply curves shifts?

Suppose that the supply curve shifts from SS’ to
S1S1’in Figure 3.  What will the effect be on the equilib-
rium price? Obviously, it will increase from OP0 (where
the SS’ curve intersects the demand curve) to OP2

(where the S1S1' supply curve intersects the demand
curve.)

2. Market structure change

Now, taking the steel markets of Taiwan and China
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as examples, we extend the general equilibrium theory
from one market to explain the price interrelationship
between the above two markets.

For China’s steel market, when the quantity de-
mand increased from 141 million tons in 2000 to 236
million tons in 2003, the demand curves turned to the
right, shifting from DD’→D2D2'→D3D3' (Figure 4)

By linking the theory discussed above, when the
demand curve shifts, a shortage of ∆X1 (= OQ3 – OQ0)
and ∆X2 (= OQ4 – OQ3) develops at the equilibrium
price OP3, OP4 by ∆X1, ∆X2.

Through the marketing price adjustment process,
suppliers will raise the price and will tend to settle at
OP4 at t4.  The final equilibrium price, and quantity will
be settled at OQ4.

Now suppose there is a production deficiency in
China, which makes the quantity to be imported from
another country (e.g., Taiwan) equal to (OQ3 – OQ0)
and (OQ4 – OQ3).  When the steel price in China is
higher enough to cover all the costs and generate profits,
then, in this situation, what will happen in the Taiwan
steel market?  Suppose the demand of the Taiwan steel
market remains constant as (DsDs’).  The exported
quantity ∆X1, ∆X2 will cause the supply curve to shift to

the left.  This is shown in Figure 5.  Where the supply
curve shifts from SsSs’→S5S5'→S6S6' for the exported
quantity of ∆X1 (= OQ0' – OQ5), ∆X2 (= OQ5 – OQ6).

The quantity of local supply will be reduced, which
leads to market price adjustment.  Suppliers will raise
the price, which will tend to settle at OP6 at t6.  The final
equilibrium price, and quantity will be settled at OQ6.
For this reason, the steel price went up from approxi-
mately US$250 per ton in 2000 to US$550 per ton 2003.

3. Characteristic of the market structure change

Shifts in China’s demand not only cause its own
steel price to vary, but these shifts also influence
Taiwan’s steel price.  That is, there is an existing long-
term equilibrium and a co-movement or lead-lag rela-
tionship between these two markets.

DATA

1. Data source and processing

The present study chooses China steel market and
Taiwan steel market as the study subjects.  It makes use
of the econometric method through the theory of steel

Fig. 5.  The changing situation of demand and supply in Taiwan.
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market structural change to analyze the effects of de-
mand and supply changes on steel prices in the two
markets.  To understand the market demand and supply
changes, we must obtain the price time series of steel in
the two major steel markets prior to further empirical
examination.

2. Data source

This study compiles the data and information from
Directorate-General of Budget, Accounting and
Statistics, Executive Yuan, R.O.C. [9], the Taiwan Steel
& Iron Industries Association(www.mysteel.com)
and from Metal Bulletin and then proceeds with the
analysis.

3. Data processing

The time series data used by this study cover from
April 1995 to February 2004.  With monthly intervals,
there are a total of 120 items of data points.  The
numerical value of data is assigned as the average of the
highest and lowest prices, the units are in US dollars/
ton, and the year 2001 is used as the base year.  That is,
the mean of each month in 2001 is regarded as 100 and
the index value of each month is equated as (the numeri-
cal value of each month/average value of the year 2001)
× 100.  The index number of each year is calculated and
the log of each index value is obtained before proceed-
ing with empirical examination.

4. Data analysis

Figure 6 represents the moving trend of China and
Taiwan’s steel prices (the data are the results after
conversion to a logarithmic scale).  From 1995 to 1999,
both trends display a descending tendency.  The steel
price in China floated up and down from 1999 to June
2001, but after the second half year of 2001, it began to

ascend dramatically.  In 2002, the trend in Taiwan
showed a rise as well.  We infer that the rise of the steel
price in China in 2001 was because of the success of
China’s application to host the Olympic game in July
2001 that, in turn, drove up the demand for domestic
steel.  After this period, Taiwan’s steel price began to
rise in 2002.  This study aims to examine whether there
is a correlation between the rise in China’s steel price
and that in Taiwan.  In light of this, we carry out the
Chow test for data from July 2001 to measure the
structure changes involved.

5. Structure change

Because of success, in July 2001, of China’s appli-
cation to host the Olympic games, coupled with the
economic development caused by liberalization, vari-
ous civil and architectural projects unfolded in China,
and China’s steel demand increased from 141 million
tons in 2000 to 236 million tons in 2003.  At the same
time, the price of steel in Taiwan went up to approxi-
mately US$550 per ton in 2003 from US$250 per ton in
2000.  It is not unreasonable to infer that an interactive
relationship between the steel price in China and that in
Taiwan might incur from structure changes.  Therefore,
this study applies the Chow test [5, 6], initially to verify
whether there is any structural change in the two market
variables.

The empirical results reveal that there was struc-
tural change in China in April 2002 and its Chow test
value is 12.48284 (Pp = 0.000614).  Structural change
occurred in Taiwan in January 2003 with a Chow test
value of 4.898189 (Pp = 0.003250).  In other words, the
two variables produce structural changes at the 10% and
5% levels, respectively, and the China steel market
appears to influence the Taiwan market within about
half a year.

The basic statistical data analysis in Table 1 shows
that the standard deviation of steel prices in Taiwan is

Fig. 6.  Time series for St and Ct.
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St : log value of Taiwan steel price and time series 

Ct : log value of Mainland China steel price and time series

Table 1.  Summary statistics for Ct and St

Ct St

Mean 4.900676 Mean 4.719206
Std. dev. 0.226860 Std. dev. 0.134230
Skewness 0.041931 Skewness 1.934940
Kurtosis 2.361347 Kurtosis 8.268120
Jarque-Bera 1.849810 Jarque-Bera 190.5003***

Note:
1. Ct and St are the symbols for the Mainland China steel price

time series and Taiwan steel price time series.
2. *** denotes that at the 1% significance level, the null

hypothesis is rejected.
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less than that of China.  The reason likely is that the
demand for steel in China increased in 2001, which
caused larger statistical changes than in Taiwan.  Exam-
ining both the skewness and kurtosis, data from Taiwan
and China skew to the right (are positively skewed) and
show a platykurtic (flat and diffuse) phenomenon.  The
p-value derived from the Jarque-Bera test indicates that
the null hypothesis of normal distribution in Taiwan’s
steel prices should be rejected.

ECONOMETRICS  METHOD

1. Model setting

This study applies the theory of co-integration to
establish whether a long-term equilibrium relationship
exists between Taiwan and China’s steel markets.  First,
we apply the Augmented Dickey-Fuller (ADF) [7, 8, 24]
and Phillips-Perron (PP) unit root test [23] to test whether
or not the variables under study being studied are
stationary.  Then, a co-integration test is used to analyze
whether a long-term and stable equilibrium relationship
is present between the variables.  Afterwards, Granger
causality is used to test whether there is a lead-lag
relationship between the variables.  Finally, the error
correction model is used to examin short-term equilib-
rium relationship.  The econometrics method adopted
by this study is illustrated as follows.

2. Unit root test

The primary purpose of the unit root test is to
confirm that the integrated order of the variables and
each time series of variables are stationary, in order for
the co-integration analysis to proceed.

When the variables exhibit a non-stationary time
series, there will be the problem of spurious regression
during the analysis - the statistical t-test value and the
coefficient of determination,  value, are very high,
whereas the Durbin-Watson (DW) value is very small.
Thus, the relationship of the variables being studied
will be incorrectly identified.  If the variables are
confirmed to be of a non-stationary time series, it is
necessary to difference the series to transfer them into
stationary before proceeding with the next step of the
analysis.

This study adopts the Augmented Dickey-Fuller
(ADF) test, and the method proposed by Phillip and
Perron to proceed with the unit root test.  This is
explained as follows:

The Augment Dickey-Fuller (ADF) Unit Root Test
method is extended from the DF test of Dickey and
Fuller (DF) test [7].  The method of extension is to carry
out the first order differencing of the tested variables,

and the equation is,

∆Y t = α + βY t – 1 + γ∆Y t – 1 + θ t + ε tΣ
i = 1

p – 1

(1)

Where Yt is the variable, ∆ = 1 – L denotes the
difference operator, and εt represents the white noise
error term.  Now, Eq. (1) is tested with a null hypothesis
H0.  H0 : Yt represents non-stationary time series.

When the β t-value is less than the statistic critical
value, H0 is rejected. As to the constant term, α, and the
trend term, θt, they should be kept when the t-value is of
significance.

The Phillips and Perron test for unit roots adopts
the ADF- related hypothesis.  However, to avoid the
problem caused by the possible existence of error term
in the time series during the ADF unit root test (due to
the mis-specification of the dynamic structure of Yt), the
PP test for unit roots first calculates the ADF statistics
and modifies them to PP statistical values (Phillips-type
test) under the circumstance that the error term is al-
lowed to be of weak dependency and heterogeneous
variance.
In other words,

Z (τµ) = S u S Tl
S u S Tl

τµ – 1
2

S Tl
2 – S u

2

⋅ S Tl T 2 ( y t – 1 – y – 1)
2Σ

t – 2

T
1/ 2

– 1

(2)

For the sake of discreetness, this study simulta-
neously employs the ADF and PP tests for unit roots in
which the ADF test uses Akaike‘s information criterion
(AIC) [1] to decide the latest lag period.  When the n
value cannot be decided by AIC, the PP test for unit
roots then will be used.  The latest lag period of the PP
test is automatically eliminated through selection by the
Newey-West method [20].  And the test statistics are
determined to be of unit root according to the Mackinnon
critical value [19].

3. Co-integration and error correction model

In this study, co-integration analysis and the error
correction model are used to test whether short-term and
long-term equilibrium relationships exist between
Taiwan’s and China’s steel markets.  After confirming
a unit root test, the long-term equilibrium relationship
between Taiwan and China’s steel markets is investi-
gated using the following co-integration model.  This
model is the framework of a vector autogressive model
by Johansen [17], and Johansen and Juselius [18].
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 X t = X t – p + U t + ε t ;Σ
i = 1

p

U t =
U s

U c
; ε t =

εs , t
εc , t

~ N (0, Σ) (3)

Where Xt = (St, Ct)' is the vector of Taiwan and
China’s steel prices, each being integrated of order one
(denoted I (1)).  Assuming that the series are integrated
by order zero (denoted I (0)) by taking first difference
on the vector level, the model in vector error correction
form is:

∆X t = Γ i∆X t – i + ΠX t – 1 + U t + ε tΣ
i = 1

p – 1

(4)

Where ∆ denotes the first difference operator; Γi

and Π are 2 × 2 coefficient matrices measuring the
short-term and long-term adjustments of the system to
changes in Xt, and Ut is a 2 × 1 vector of intercept, εt is
a 2 × 1 vector of white noise error terms.

Γi = – I + A1 + A2 + ... + Ai (5)

For i = 1, 2, ..., p – 1, and

Π = – (I – A1 – A2 – ... – Ap) (6)

The Π matrix provides information about the long-
term relationship between variables (St, Ct), and the
rank of Π is the number of linearly independent and
stationary linear combinations of (St, Ct).

Thus, testing for co-integration involves testing
the rank of the Π matrix, r, by examining whether the
eigenvalues of Π are significantly different from zero.

For testing the number of co-integrating vectors
(or r = the rank of Π), Johansen [17], Johansen and
Juselius [18] proposed two statistics tests: the λtrace(r)
test and the maximum eigenvalue (λmax) test.  The
likelihood ratio for the trace test is

λ trance (r ) = – 2 ln Q = – T ln (1 – λ i )Σ
i = r + 1

p

(7)

Where λ̂ r+1,......, λ̂ p are the smallest estimated
p – r eigenvalues.  The null hypothesis to be tested is that
there are, at most, r co-integrating vectors.  That is, the
number of co-integrating vectors is ≤ r, when r is 0, 1, ...
The maximum eigenvalue test is represented as

λmax(r , r +1) = – 2 ln Q = – T ln (1 – λ r + 1) (8)

In this test, the null hypothesis of r co-integrating
vectors is tested against the alternative of r + 1 co-
integrating vectors.  Thus, the null hypothesis that r = 0
is tested against the alternative that r = 1; that r = 1

against the alternative that r = 2; and so forth.  The co-
integration tests are very sensitive to the choice of lag
length.  Here, the Akaike’s information criterion (AIC)
[1] and the likelihood ratio test are used to determine the
length of lags required in the co-integration.

4. Granger causality test

According to the research of Granger [11] and
Sims [25], the economic time series, St, is said to be
“Granger Caused” by the time series Ct.  The forecasting
ability of the St then can be improved with additional
information from the past and present values of Ct.  The
general Granger causality test can be specified as follows:

∆S t = U s + β s , i∆S t – i + γ s , i∆C t – i + εs , tΣ
i = 1

p

Σ
i = 1

p

(9)

∆C t = U c + β c , i ∆C t – i + γc , i ∆S t – i + εc , tΣ
i = 1

p

Σ
i = 1

p

(10)

In Eq. (9), the Granger causality is examined by
testing whether all γs,i are equal to zero.  Using a
standard F-test of the null hypothesis by estimating the
following restricted equation:

S t = U s + β s , t ∆S t – i + e s , tΣ
i = 1

p

(11)

The respective sum of squared residuals is compared:

RSS 1 = ε 2
s , t RSS 0 = e 2

s , tΣ
t = 1

T

Σ
t = 1

T

If the test statistic

S 1 =
(RSS 0 – RSS 1) P
(RSS 0 – RSS 1) P
RSS 1 (T –2p –1)
RSS 1 (T –2p –1)

~ F p , t – 2p – 1 (12)

is greater than the specified critical value, then we reject
the null hypothesis that Ct does not Granger cause St.

In Eq. (10), the null hypothesis that St does not
Granger cause Ct can be tested in an analogous way.  If
the causation cannot be rejected in both Eqs. (9) and
(10), the variables must be considered interdependent
(i.e. Ct does Granger cause St, and St does Granger cause
Ct in bi-directionally).

The following steps also are involved in our
analysis.  First, the existence of a stationary relationship
between St and Ct prices is investigated in the VECM of
Eq. (4) by using the λmax and λtrace statistics [17] which
test for the rank of Π.  If rank (Π) = 1, then there is a
single co-integrating vector and Π can be factored as Π
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= αβ', where α and β' are 2 × 1 vectors2.  Using this
factorization, β' represents the vector of co-integrating
parameters and α is the vector of error correction
coefficients, measuring the speed of convergence of Ct

and St toward a long-term steady state.
Second, if St and Ct prices are co-integrated, then

causality must exist in at least one direction [12].  To
formally test causality, the following expanded VECM
may be estimated using OLS in each equation.

(1 – L )
S t

C t
=

U s

U c
+ (1 – L )Σ

i = 1

p β s , i γ s , i

β c , i γc , i

S t – 1

C t – 1

+
αS
αC

ECT t – 1 +
εs , t
εc , t

(13)

where ∆ = 1 – L is the difference operator βS,i, γS,i, βC,i,
βC,i are the short-term coefficients and ECTt-1 = β'Xt–1 is
the error correction term from Eq. (13).

EMPIRICAL  RESULTS

1. Unit root test

This paper conducts Augment Dickey Fuller Test
[24], Philips-Perron Test [23] and Ng and Perron Test
[21, 22] to find out the order of integration for Taiwan

and China steel price time series.  We conduct the tests
in levels and then in first difference.  Table 2 presents
the results of the unit root tests for St and Ct variables.
For China (Ct) and Taiwan (St), the absolute values of
the test statistics are less than the critical values at
conventional levels of significance.  Both of these two
series are non-stationary time series.

After first difference, the time series of Ct rejects
the unit root null hypothesis at the one percent level
(ADF, PP and NP test), and St rejects the unit root null
hypothesis at the one percent level (PP and NP test) and
at the five percent level (ADF test).  Taken together,
these results confirm the findings from the ADF, PP,
and NP tests that both the Ct and St series are non-
stationary time series (that is I (1)).

Considering first difference, the null hypothesis of
unit root, (i.e. I (0)) for both of these two time series is
rejected, which means that both of these two series are
stationary after first difference.

2. Co-integration test

This study uses the maximum likelihood method
to verify the co-integration relationship between Ct and
St.  Table 3 reveals that, at the significant level of 5%,
λmax and λtrace, statistical verification results suggest
that from July, 1995 to February, 2004, the null hypoth-
esis of r = 1 in the model cannot be rejected.  Thus, there
is a co-integration relationship present between the
steel price of Ct and the steel price of St, with the co-
integration equation as follows:

St–1 = 1.625Ct–1 + C (14)

Table 2.  The results of various unit root tests

Ct St

ADF Level -0.828058 (1)  1.854642 (1)
First difference -7.746491*** (0) -3.194878** (1)

PP Level -0.199286 (0) 1.677517 (2)
First difference -7.746491*** (0) -5.946899*** (2)

NP Level -0.91135 (1) 0.13842 (2)
First difference -4.33306*** (0) -4.48034*** (2)

Notes:
1. Ct and St are the symbols for the Mainland China steel price time series and Taiwan steel price time series.
2. ** and *** denote significance at 5%, and 1% levels, respectively.
3. The critical values for 1%, 5%, and 10% levels of ADF, PP and NP, are (-3.493747; -2.889200; -2.581596), (-3.493129;

-2.888932; -2.581453) and (MZt: -2.58; -1.98; -1.62), respectively.  The critical values for the ADF t-statistics are from the
[19] table.

4. The test statistic of the NP test is MZt.
5. The numbers in the parentheses of ADF, and NP are the appropriate lag lengths selected by MAIC (Modified Akaike

information criterion) as suggested by [22], whereas the numbers in the parentheses of PP is the optimal bandwidths decided
by the Bartlett kernel of [20].

2 If rank (Π) = 0, Π is a 2 × 2 null matrix and the VECM is reduced to a VAR
model in first difference.  If rank (Π) = 2, then all variables in Xt–1 are I (0)
and a VAR model in levels is estimated.
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This co-integration equation indicates that when
China’s steel price changes by one unit, Taiwan’s steel
price market will be affected and will change by 1.625
units.  The two coefficient signs match with the theoreti-
cal expectations.  Therefore, in the long term, the changes
in the two market prices will show co-movement.  That
is, the two prices have a specific relationship of long-
term equilibrium relationship.

China’s 2001 success in applying to host the Olym-
pic games drove a series of large increases in the de-
mand and supply market of China’s steel products.
Prior to 2002, China was a self-enclosed, controlled
market with little liquidity.  Thus, its influence on steel
price was only restricted by the inland Chinese market,
which had a comparatively weaker effect on Taiwan’s
prices.  The statistic results of λmax and λtrace in Table 3
show that there is no long-term equilibrium between the
Taiwan steel market and China steel market from July,
1995 to April, 2002, and that the corresponding co-
integration equation is as follows:

St–1 = 1.057Ct–1 + C (15)

The coefficient of Ct–1 suggests that, when China’s steel
price changes by one unit, Taiwan’s steel price market
will be affected with a change of 1.057 units in the same
direction (a positive change).  No significant effect was
present as compared with 1995.07 ~ 2004.02, which
suggests that there was no consistent fluctuation or
causal relationship during this period.

The liberalization of world trade and the opening
of China’s market, as well as its success of becoming the
host of the Olympic Game in 2001, caused enormous
construction projects to begin undertaken in China.  The

corresponding increase in demand of steel products
produced an effect on Taiwan.  The co-integration ef-
fects of λmax and λtrace from 2002.5 ~ 2004.2 demon-
strate a long-term equilibrium relationship between the
two countries with a co-integration equation as follows:

St–1 = 1.484Ct–1 + C (16)

The coefficient value of Ct–1 is 1.484 which is
larger than the coefficient value of Ct–1 = 1.057 during
1995.7 ~ 2002.04.  This suggests an obviously larger
effect on Taiwan’s steel market.  This is because, after
its success in becoming the host of the Olympic Game,
China’s steel demand increased a great deal, such that
steel needed to be imported from foreign countries.

3. Dynamic process –error correction model

Eqs. (14) (15), and (16) reveal that the co-integra-
tion coefficients of Ct and St during the entire period and
two segmented periods are 1.625, 1.057, and 1.484,
which are all positive values.  This means that Ct and St

has a long-term, positive relationship.  From the error
correction term of ECTt–1 in Table 4, we see that, when
the two variables are adjusted toward a long-term trend,
the αs value is -0.011, -0.008, and -0.008, adjusted
downward, and the αc value is 0.038, 0.064, and 0.274,
adjusted upward.  This indicates that, when news pro-
duce short-term fluctuations, the reaction of St is con-
siderably obvious, which requires a downward adjust-
ment to return to its long-term trend.  Ct is exactly the
opposite, an upward adjustment takes it back to the
long-term equilibrium state.  Furthermore, for the coef-
ficient estimates of Ct (–1) and Ct (–2) in the ∆St equation

Table 3. Johansen co-integration tests of the co-integration rank for Ct and St during the entire period and segmented
period

H0 = r Ha = n – r Eigen values λmax λtrace λmax(0.95) λtrace(0.95)

1995/7 to 2004/2
0 1 0.083 9.06 15.92** 14.07 15.41
1 0 0.064 6.86** 6.86** 3.76 3.76

1995/7 to 2002/4
0 1 0.089 7.73 12.18 14.07 15.41
1 0 0.053 4.45** 4.45** 3.76 3.76

2002/5 to 2004/2
0 1 0.569 18.55** 20.68** 14.07 15.41
1 0 0.092 2.12 2.12 3.76 3.76

Notes:
1. According to structure break test and prior and after the success in mainland china’s application of hosting olympic games,

two segmented periods, 1995/07 to 2002/04, and 2002/05 to 2004/02 are divided for co-integration analysis.  Then, co-
integration analysis is carried out for the entire period from 1995/07 to 2004/02.

2. For null hypothesis, H0: when r = 0, the test values of λmax (0.95) and λtrace (0.95) are (14.07; 15.41); when H0 : r = 1, the test
values of λmax (0.95) and λtrace (0.95) are (3.76; 3.76).

3. ** denotes that when the test value is at the significant level of 5%, null hypothesis is rejected.
4. VAR lag length is 2 for models, 1995/7 to 2004/2, 1995/7 ~ 2002/04; VAR lag length is 3 for models 2002/5 to 2004/2.
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and St (–1) and St (–2) in the ∆Ct equation, the positive and
negative signs (+ and – signs) of Ct (–1) and St (–1) during
other periods all are the same, except that the years from
1995.07 ~ 2002.04 are different.  This shows that the
two variables, Ct and St, have a positive relationship.

4. Granger causality test

As Granger [13] points out, if there exists a co-
integration vector between Ct and St, there is a causality
relationship between these variables in one or both
directions.  A multivariate Granger casual model was
applied to test the casual relationship between Ct and St

(as indicated in Eqs. (9-11), and (12).
The null hypotheses are:
H0 : Ct does not Granger cause St (Eq. 9)
H0' : St does not Granger cause Ct (Eq. 10)
Table 5 examines short-term Granger causality

test within Eqs. (9) and (10).  The F-test of explanatory
variables indicates the significance of the short-term
causal effects.  The results suggest that, in the short-
term, there is bi-directional Granger causality between
Ct and St.  This finding matches with the hypothesis
proposed in this study.

DISSCUSSION

The aforementioned theory and empirical results
demonstrate that China and Taiwan’s steel markets
have a long-term, equilibrium co-integration relation-
ship and a lead-lag Granger causality relationship from

Table 5.  Result of the granger causality test during the
time period 1995.7 ~ 2004.2

                      Explanatory variable
∆St ∆Ct

                      F-Statistics   [Probability]

∆St –
3.502**

Dependent [0.034]
variable

∆Ct
4.329**

–[0.016]

Note:
1. Ct and St are the symbols for the mainland china steel price

time series and taiwan steel price time series.
2. ** denotes that at the 5% significant level, the null hypoth-

esis H0 is rejected.

Table 4.  The estimation results of the error correction model during different

Segmented periods

Error correction model

(1 – L )
S t

C t
=

U s

U c
+ (1 – L )Σ

i = 1

p β s , i γ s , i

β c , i γc , i

S t – 1

C t – 1
+

αS
αC

ECT t – 1 +
εs , t
εc , t

(13)

∆St ∆Ct

1995.07 ~ 2004.02 1995.07 ~ 2002.04 2002.05 ~ 2004.02 1995.07 ~ 2004.02 1995.07 ~ 2002.04 2002.05 ~ 2004.02

ECTt-1
-0.011 -0.008 -0.008 0.038 0.064** 0.274***

(-1.294) (-1.097) (-0.125) (1.833) (2.243) (3.112)

Ct(-1)
0.109** 0.044 0.155 0.141 0.058 0.194

(2.467) (1.604) (0.904) (1.300) (0.546) (0.916)

Ct(-2)
-0.079 0.011 -0.367** 0.067 0.348*** -0.600***

(-1.753) (0.388) (-2.194) (0.606) (3.194) (-2.897)

St(-1)
0.807*** 0.860*** 0.660 0.812*** -0.115 1.302***

(6.658) (8.119) (1.897) (2.731) (-0.28) (3.024)

St(-2)
-0.195 -0.39*** 0.252 -0.495 0.354 -0.446

(-1.655) (-3.67) (0.611) (-1.712) (0.859) (-0.873)

U
0.003 0.0007 0.019 0.001 -0.004 0.029

(1.483) (0.555) (1.539) (0.092) (-0.706) (1.879)

Note:
1. Ct and St are the symbols for the Mainland China steel price time series and Taiwan steel price time series.
2. t values are included in ( ).
3. ** denotes significance at the 5% significant level (The critical value for 5% is 1.980).
4. *** denotes significance at the 1% significant level (The critical value for 1% is 2.617).
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July 1995 to February 2004.  We can see that, when the
demand for steel raises in China, during this informa-
tion transmission process, construction firms (con-
sumers) and the government can use this information to
execute the following decisions such as raising tariffs,
pursuing antidumping measures to prevent excessive
price fluctuations in steel market.  Furthermore, con-
struction firms can preorder or postpone the purchase of
materials to preempt profit loss resulting from price
fluctuations.

The survey results indicated that the price of steel
in Taiwan decreased from approximately US$580 per
ton in April 2005 to US$480 per ton in August 2005 [4].
If relevant, organizational units can adopt correspond-
ing measures and relevant countermeasures in advance,
in accordance with the findings presented by this study;
then they can prevent overstock and monetary business
losses from happening.

One of the limitations of the present study is that it
only considers the casual relationship between the Tai-
wan and China steel markets in a bi-variate manner.
Future research can incorporate more countries as
variables, such as, the U.S.A., Japan, Russia, and mem-
bers of the European Union.  The research can also
might consider and examine the effects of additional
factors, including market scale, distance (transportation
costs) and the existence of government policy
interventions, on each variable.  Our study findings can
further be used as a basis of reference in future decision
making.

CONCLUSIONS

The change in the price of steel is an important
decision factor related to cost control in the construc-
tion industry.  Taking this into consideration, this study
makes use of co-integration analysis, an error-correc-
tion model, and the Granger causality test to examine
the short-term and long-term dynamic price relation-
ships between the Taiwan and China’s steel markets.
The research period (from April 1995 to February 2004)
was segmented into two periods, April 1995 to April
2002 and May 2002 to February 2004(before and after
the success in China’s Olympic game application), for
empirical analysis.

Important findings obtained include the following:
1. The co-integration test demonstrated that the interac-

tions between the two markets exhibits the existence
of a co-integration relationship during the entire
period; but after the period is divided into two periods,
there is a co-integration relationship from 2002.05 to
2004.02.

2. Empirical results suggest that, prior to 2002, Taiwan’s
steel market was not affected by China’s steel market.

In other words, the two markets do not have a long-
term equilibrium relationship.

This empirical analysis result confirms with the
situation in reality.  China and Taiwan had always been
in the state of had two self-enclosed markets prior to
2002.  Since the circulation and opening trade only just
started, there were no significant interactive effects
between these two markets prior to that period.

However, from the year 2002 on, global economic
liberalization has affected China.  Its entry into WTO
and its 2001 success in its Olympic game application
have resulted in international raw materials to being
exported to China.  Taiwan has experienced a similar
effect.  This matches with the empirical results of the
present study, indicating that China and Taiwan’s steel
markets started to have a mutual, long-term equilibrium
relationship starting in April 2002.

In addition, this study makes use of the Chow test
to analyze whether structural change or merely short-
term shock existed between China and Taiwan’s steel
markets.  Empirical results show that Mainland China’s
steel market has produced structural change in April
2002 with a Chow test value of 12.482.  There also was
structural change in Taiwan’s steel market in January
2003 with a Chow test value of 4.898.  China’s steel
market leads the Taiwan market by approximately half
a year.  The Granger causality test then was carried out
and the same conclusion was obtained.
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