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ABSTRACT 

 
 

The economic transition in China poses new questions in studying product demand. In this 

study, we investigate the demand pattern and structural changes during the economic transformation 

using annual data from the paper and paperboard industry in China. Instrumental variable estimations as 

well as cointegration analysis and error-correction models are applied to the analysis. Our results show 

that in the early stages of economic reform, the income elasticity of demand for domestically made 

paper and paperboard products is about 1; and the own-price elasticity and the cross price elasticity with 

respect to world market price are both statistically insignificant. After 1992, the own and cross price 

elasticity increases, respectively, to -0.69 (in absolute value) and .59. With respect to import demands, 

the estimated income elasticity is not statistically different from 1.0 and the cross-price elasticity with 

respect to the domestic price is statistically insignificant; the own-price elasticity, on the other hand, 

increases from -0.60 to -0.50 before and after 1992, respectively. The results indicate that imports are 

substitutes for domestically made paper and paperboard products, but the reverse is not true, and there 

was a considerable structural change in the demand during the course of China's economic transition.  

 
J.E.L code:  O12, O53, L73 
 
Key words:  Paper and paperboard demand, demand elasticities, vector error correction,  

economic transition, China.  



1. Introduction 

China’s economic transition since 1979 is characterized by rapid economic growth, gradual 

transformation into a market system, and increasing integration into the world economy. The complex 

economic dynamics during the transition period affects every aspect of the economic system, including 

industry demand structure. Understanding the demand for a particular industry is important for policy 

makers and for the industry stakeholders; as an emerging international market, China is also of especial 

interest to foreign producers and investors who are ready to tap into the Chinese market.  

Moreover, the economic transition and market reforms may add new features to industry 

demand, and thus poses new questions in studying the demand structure. Over the period of 1979-2001, 

continuing economic growth and economic reforms have dramatically changed the Chinese economy, 

providing an opportunity to investigate the demand dynamics during the economic transition.  

This study investigates China’s demand for paper and paperboard products. The paper and 

paperboard industry represents Chinese traditional industries, which underwent dramatic and 

challenging transitions. A common feature of a traditional industry in China is that most firms in this 

industry were state-owned or other publicly owned and thus operated under the government planning 

system that did not use profits or return on investment as a metric for success. The economic reforms 

forced state-owned enterprises to adopt more market oriented approaches and are increasingly 

employing market-related criteria to evaluate the success of the enterprise. As a result, China's 

economic transition requires reforming existing industry structures and operating mechanisms. This 

change is having a greater impact on traditional industries (with inefficient organizational structures and 

high sunk costs) relative to ‘new economy’ industries, such as information technology (IT), which suffer 

considerably less from these 'legacy costs'. Moreover, traditional industries are facing increasing 

competition from international producers as China gradually opens its markets. Thus, the combined 

effects of increasing international competition and market reforms can have serious implications for 

traditional industries as they seek to adapt their operations and compete for market share in a globally 

competitive marketplace.  



At the same time, China possesses a huge market potential for paper and paperboard products. 

Chinese total paper and paperboard consumption is currently ranked second in the world, only behind 

the U.S. The consumption of paper and paperboard products in 2001 reached 42.6 million metric tons, 

increasing at an average annual rate of 10.38% over the last 20 years.1 By comparison, the average 

growth rate of the U.S. paper and paperboard consumption over the same period is 1.85%.2 China’s 

imports of paper and paperboard products grew at an average annual rate of 12.7% for the period 1979-

2000, and the share of imports in the consumption increased from 9% to 17% for the same period. In 

2001, China imported 5.57 million tons of paper and paperboard products, almost double the amount in 

1995.  

Yet, in comparison with the worldwide average of 53.8 kg and the U.S. average of 331.7 kg, 

China's per capita paper and paperboard consumption remains very low, at 28.4 kg in 2000. Therefore, 

as the Chinese economy grows, spurred on by continuing economic reforms and an increasingly literate 

population, the demand for paper and paperboard products will increase rapidly. In addition, with the 

entry into World Trade Organization (WTO), China import tariffs are expected to fall from 12-15% to 

5% for most paper and paperboard grades over the next few year. Overall, there is every expectation 

that China will be one of the major markets for international pulp and paper producers.3  

Currently China’s small-scale mills and outdated technologies limit its ability to satisfy the 

growing demand. Its capacity and output are scattered among numerous small mills. On average, 

Chinese paper mills produce less than 6,500 tons/year, while the world average is over 40,000 tons/year 

and the average in developed countries is well above 100,000 tons/year. Only 44 of China’s 4748 mills 

produce more than 10,000 tons per year and only a handful of them produce products of international 

quality. Due to the highly capital-intensive nature of the paper and paperboard production, China needs 

a significant amount of investments to modernize its pulp and paper industry. A number of international 

                                                           
1 Consumption, import and capacity are defined in metric tons throughout this study. 
2 The statistics source is FAO Statistical Databases. 
3 “China and Taiwan Lower Import Tariffs for Pulp, Paper and Board”, available at: http://www.paperloop.com. 
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companies have invested in China in recent years, including Indonesia-based Asia Pulp & Paper Co., 

UPM-Kymmene Co. (Finnish), and Stora Enso (Finnish-Swedish).4 And at least 43 new projects have 

been scheduled in China’s paper and paperboard industry for the period of 2002-2004, adding a new 

capacity of nearly 6 million tons per year to the industry in the near future. 

Despite the worldwide interest in this burgeoning industry, there is no existing study on the 

demand for paper and paperboard products in China, although there are a number of studies for other 

countries. Buongiorno and Kang (1982) investigated short- and long-run elasticities of U.S. demand for 

paper and paperboard. Hetemäki and Obersteiner (2002) examines the demand for newsprint in the 

United States for the period 1971 to 2000. Chas-Amil and Buongiorno (2000) used panel data to 

estimate paper and paperboard demands for 14 European Union countries. And Simangunsong and 

Buongiorno (2001) used panel data on 62 countries during the period 1973 – 1997 to estimate the price 

and income elasticities for nine groups of forest products  

In this study, we investigate the demand pattern for paper and paperboard products in China 

with time-series data from 1979 to 2001, focusing on the structural changes caused by economic reform 

and integration into the world market. The total demand for paper and paperboard products consists of 

two parts: domestic products and imports. The domestically produced paper and paperboard products 

are generally low quality products. In particular, over 80% of the pulp produced in China is made from 

bamboo, reed, rice straw, wheat straw and other non-wood sources, which yield lower quality products 

relative to those produced from wood pulp. Based on the information from China Paper Association, in 

2000, 80% of China’s paper and paperboard products are low-quality and medium-quality grades, 

requiring China to rely on imports for high quality grades.5  

                                                           
4 In March 1999, Singapore based Asia Pacific Resources International Holdings began operating a 350,000 ton/yr 
uncoated woodfree paper machine at Changshu, China; and Asia Pulp & Paper Co. started two woodfree paper 
machines at its Dagang mill in China. 
5 “The Tenth Five-year Plan of China’s Paper and Paperboard Industry” (in Chinese), China Paper Association, 
April 12, 2001, available at: http://www.cppi.com.cn/zylt/a18.htm. 
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Given the quality difference between the domestic product and imports, simply pooling the 

domestic and import demands imposes restrictions of homogeneous income and price elasticities on the 

two different demand functions. Thus, we extend our theoretical model on demand to include inputs, 

and estimate the two demand functions separately, i.e., the demand for domestic products and the 

demand for imports. Following traditional approach to demand estimation, we first estimate demand 

functions using an instrumental variable estimator, and test for a structural change in demand. Second, 

in order to address the concern for nonstationarity of the variables in the demand function, cointegration 

analysis and error-correction models are applied to the demand functions.   

The paper is organized as follows. In Section 2, we outline a theoretical framework for the 

demand structure and develop empirical models. Section 3 briefly describes the data. Section 4 

discusses the results based on instrumental estimations; and Section 5 reports the results based on co-

integration analysis and error correction models. Section 6 concludes. 

 
2. A Simple Demand Model 

Since paper and paperboard products mostly serve as inputs in many industries, in the classical 

approaches, the demand is derived from the demand for final products.6 Paper and paperboard product 

enters the production function as intermediate good. During the course of economic transition, China 

has gradually moved to a market-oriented economy, both domestically and internationally. To capture 

such institutional changes, we generalized the commonly used production function to treat imported 

paper and paperboard products as a separate input. It is very likely that international markets play an 

increasing role in China's domestic demands. In addition, due to existing quality differences, domestic 

paper and paperboard products may not be used as substitutes for imports.   

Therefore, as commonly used in other studies (Chas-Amil and Buongiorno 2000, 

Simangunsong and Buongiorno 2001), we assume Cobb-Douglas production function as below  

                                                           
6 According to “The Tenth Five-year Plan of China’s Paper and Paperboard Industry”, well above 80% of total 
paper and paperboard products in China are employed as inputs for other industries such as publishing, package 
and printing, and less than 20% are directly consumed by consumers. 
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Yt = a Dt
*b ·It

*c ·Xt
d ,                                                                  (1) 

where Yt is the production function of final products, Dt
* reflects paper and paperboard inputs made 

domestically, It
* is the imported paper and paperboard, Xt is a vector of other inputs, a is an index for 

the state of technology, and b, c, and d are positive parameters.7 Total cost Ct is represented by: 

Ct = Dt
*Pt

D + It
*Pt

I + XtPt
X ,                                                      (2) 

where Pt
D, Pt

I, and Pt
X are the paper and paperboard price, imported paper and paperboard price, and the 

prices of other inputs, respectively. Minimizing cost with regard to Dt
*, It

*, and Xt, subject to the 

production function, we obtain the demand function for domestic paper and paperboard and for imports: 
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where δ1 = τ1 = 1/(b+c+d), δ2 = -(c+d)/(b+c+d), δ3 = c/(b+c+d), τ2 = -(b+d)/(b+c+d), τ3 = b/(b+c+d).  

Equations (1) and (2) represent a static demand model assuming that equilibrium is achieved 

within time period t (one year for this analysis), and Dt* and It* is the equilibrium consumption for 

paper and paperboard products. If the adjustment takes longer time, there will be a dynamic adjustment 

process. In order to allow for such possibility, we assume that during time period t, the adjustment 

process can be represented by the following model: 
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where α is the speed of adjustment, 0 ≤ α ≤ 1, and Dt-1 is consumption in the previous time period. 

Substituting equation (5) in equations (3) and (4), we obtain a dynamic demand model: 

4321
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YD                                             (6) 

                                                           
7 It is possible to use a more sophisticated demand function such as AIDS (see Deaton and Muellbauer, 1980).  
However, this type of functions generally requires additional data information such as cost shares, which is 
unavailable in our data.  More importantly, as one of the first studies on demand for paper/board in China, we 
adopt the simpler approach in order to focus on the structural changes in demand as a result of economic transition.  
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where γ0 = , ß1
0
αδ 1= δ1α1, ß2= δ2α1, ß3= δ3α1, ß4= 1- α1, φ0 = , λ2

0
αδ 1 = τ1α2, λ2 = τ2α2, λ3 = τ3α2, and λ4 = 

1- α2. 

Taking logarithms of equation (6) and (7) yields the following empirical demand functions for 

domestic products and for imports:   

          lnDt = ß0 + ß1lnYt + ß2lnPt + ß3lnPAt + ß4lnD t-1 + ut                          (8) 

          lnIt = λ 0 + λ1lnYt + λ2lnPAt + λ3lnPt + λ4lnD t-1 + εt                            (9) 

where Dt is the domestic demand in year t, It is the import demand in year t, Yt is represented by real 

gross domestic product (GDP), Pt is the real domestic price index of paper and paperboard, PAt is the 

real international price index of paper and paperboard, and both ut and εt are disturbance terms. In the 

domestic demand function, ß1, ß2, and ß3 represents, respectively, the income elasticity, own price 

elasticity, and cross price elasticity of domestic demand; in the import demand function, λ1, λ2, and λ3 

are the income elasticity, own price elasticity, and cross price elasticity of import demand, respectively. 

The above models do not control for possible structural changes caused by China’s economic 

transition. The transition can be characterized by a rising degree of market-oriented mechanisms and an 

increasing integration into the world market, which will affect the demand structure for paper and 

paperboard products. For example, state-owned enterprises (SOEs) used to operate under a state 

planning system. They were not responsible for profits and losses. In this situation, SOEs may not 

respond to price signal at all. The reforms have forced most SOEs to enter the market system. In order 

to survive in competitive markets, SOEs have to be more sensitive to input prices. On the other hand, 

during the economic transition, non-state-owned enterprises represent an increasing share of the 

economy. Like other capitalist firms, these enterprises are sensitive to input costs. Therefore, as the 

economic transition continues, the economy should become more responsive to price changes and the 
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demand should be more price elastic. Similarly, the greater access to international markets may also 

influence the demand pattern for imported paper and paperboard products.   

As a result, these institutional factors must be taken into account in estimating China's demands. 

Prior to 1992, the Chinese economy was largely a command economy under the old planning system. 

Although China was gradually reforming after 1978, the aggregate demand for paper and paperboard 

was mainly determined by the government. The economic reforms accelerated after 1992, subsequent to 

Deng Xiaoping’s dramatic political campaign visit to south China. Since that time, China has moved 

more quickly towards an open economy market system. The share of state-owned enterprises in gross 

industrial output value decreased from 77.63% in 1978 to 46.95% in 1993 and 23.53% in 2000. In order 

to capture this structural effect in the empirical model, we define a dummy variable (Rt) that equals 0 

prior to 1993 and 1 for 1993 and after. It can be used to capture the net effects of economic reforms on 

the demand structure, which include their effects on income elasticity and price elasticities.   

 
3. The Data 

We use annual data from 1979-2001 for this analysis. The demand for domestic paper and 

paperboard products is measured by total domestic output minus exports and the demand for imports is 

measured by actual imports. The statistical sources for the analysis included ‘China Statistical Yearbook 

2002’, the ‘Almanac of Paper Industry of China 1999’, the World Bank Development Indicator 

Database, and the US Bureau of Labor Statistics. Following previous studies, China’s real GDP is used 

as a proxy for economic activity. Nominal GDP is converted to real GDP, with 1979 as base year. We 

use the ex-factory price indices to measure the domestic real price for paper and paperboard, deflated by 

the GDP deflators based on 1979 purchasing power.8   

                                                           
8 Chinese State Statistic Bureau gives the following definition: Ex-factory Price Index of Industry Products reflects 
the change in general ex-factory prices of all industrial products, including sales of industrial products to 
commercial enterprises, foreign trade sector, materials supplying and distribution sectors as well as sales of 
production means to industry and other sectors and sales of consumers goods to residents. 
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When we measure the price for imported paper and paperboard products, three factors need to 

be considered. One is the shipping cost, which has dropped considerably during this 23-year period. The 

second factor is the exchange rate. The official exchange rate of Chinese yuan varied from 1.55 to 8.28 

during the period of this analysis. The variation will significantly affect the cost of imported paper and 

paperboard. The last factor is the tariff.  

In order to control for these factors, we fist calculate the import price based on US dollars. In 

particular, for all grades of paper and paperboard, the Chinese statistics reported both the imported value 

in US dollars and the total imported volume in tons. The total value of imported paper and paperboard is 

calculated on C.I.F. base (i.e., costs, insurance, and shipping costs).9 Thus the import price is calculated 

by dividing the value of paper and paperboard imports by the volume of imported paper and paperboard. 

The import price is converted into Chinese currency by multiplying the calculated import price in US 

dollars with official exchange rates. The China Statistical Yearbook does not contain the values of 

imports for 1979 and 1980. These two missing observations are extrapolated by regressing import price 

on the U.S. producer price index (PPI) for all grades of paper and paperboard (products excluding 

converted and building paper).10  Finally, the calculated import price is converted into a real price using 

Chinese GDP deflator, with 1979 as the base year. The adjusted import price controls for shipping costs 

and exchange rate but it may not capture the effect of tariffs. Unfortunately, such information is not 

available. Since the period covered in this study is mostly before China’s joining the WTO, the change 

in tariff for paper and paperboard product is not expected to be dramatic, and thus we assume that the 

effect of tariff on import price is relatively small. Descriptive statistics are reported in Table 1.  

                                                           
9 The C.I.F. price is the purchaser's price that would be paid by an importer taking delivery of the good at his own 
frontier, before paying any import duty or other tax levied at the frontier. 
10 Based on US Bureau of Labor Statistic, the Producer Price Index (PPI) measures the average change over time 
in the selling prices received by domestic producers for their output. The prices included in the PPI are from the 
first commercial transaction for many products and some services. 
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4. Instrumental Variable Estimation 

In estimating the demand equation, we first apply the traditional regression analysis based on 

the structural model discussed in the above section. Since demand and price are jointly determined in 

the market, price should be endogenous in the demand function. Existing studies of paper demand treat 

this issue differently in the estimation. For example, Chas-Amil and Buongiorno (2000) used unit values 

of imports and/or exports to construct price indices. They argue that such a price index is exogenous in 

the demand function because the demand in each country is too small to affect the international price. 

Hetemäki and Obersteiner (2002) investigated U.S. newsprint demand, and they addressed the possible 

simultaneity between newsprint consumption and prices using a vector autoregression model (VAR). 

In this study, we use instrumental variable (IV) estimation to account for price endogeneity.11 

Given the data limitations, we follow the traditional practice in time series analysis by using the 

previous price as instrument for the current price. Presumably, the current demand is not determined 

simultaneously with the previous price and thus can be used as instrument. The import price is mainly 

determined in the international market, and hence it is treated as exogenous because Chinese imports of 

paper and paperboard products are still relatively small in the world market and do not affect the world 

price. 

 
4.1 The Demand for Domestic Paper and Paperboard Products        

In preliminary work, we applied ordinary least squares (OLS) to estimate the demand function 

for domestic paper and paperboard products.12 We then use instrumental variable estimation to estimate 

the demand function. The estimation results from two-stage-least-squares (2SLS) are reported in Table 2. 

                                                           
11 Since the consumption for paper product is part of GDP, it is also possible that GDP is endogenous. However, 
paper and paperboard consumption are generally a very small portion of the GDP, comprising, for example, only 
1.78% in China in 2000 (China Statistical Yearbook 2001). Thus, the endogeneity for GDP is not considered here. 
This issue will be addressed in VAR model estimation in next section. 
12 The estimated short run income elasticity was 0.52 and statistically significant at 0.05 level; the estimated price 
elasticity was 0.39 prior to 1993 and -0.11 after 1993, but was not statistically significant; the short run cross price 
elasticity had the expected sign (-0.05 prior to 1993, and 0.38 after 1993) but was insignificant. OLS results 
suggest that there was a structural shift in the growth pattern of China’s demand for paper and paperboard after 
1993. 
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Given the possibility of serial correlation in the regression error, we tested each model for serial 

correlation.13 The test result on the correlation coefficient is also reported in the table. Based on the 

results, we found no evidence of serial correlation. This result is not surprising because we are 

estimating a dynamic model using annual data. As discussed below, the adjustment of paper and 

paperboard demand to its equilibrium level appears to be completed in the year (for most models, the 

lagged dependent variable is not significant). Therefore, the demand models estimated are “dynamically 

complete” with one lag of the dependent variable, and thus the regression error should not be serial 

correlated.   

In Table 2, Model 1 is the base model and does not control for institutional changes in China 

caused by the economic transition. In this model, only the lagged demand variable is statistically 

significant; while other variables such as GDP and prices are not. In order to control for possible 

structural changes in the demand, we interact the economic transition dummy with prices and GDP. In 

different specifications, the interaction between the dummy and GDP never appears statistically 

significant. This is possible because the transition dummy mainly captures the progress of moving to a 

market system. In addition, it is likely that the relationship between the demand for all paper and 

paperboard products and GDP has not undergone an enough significant change in these two time 

periods.14  

After including structural change terms, the lagged demand variable becomes insignificant. As 

discussed in the theoretical model, lagged demand controls for the process of demand adjustment 

toward equilibrium. If the demand adjustment is complete within a year, which is possible for paper and 

                                                           
13 Because the model included a lagged dependent variable, we follow Durbin (1970) to test for AR(1) error. We 
first regress consumption on all explanatory variables including lagged consumption by 2SLS, and obtain the 
residual ê. We then regress consumption on all explanatory variables and the lagged ê by 2SLS, using the same 
instruments, and test whether the coefficient of lagged ê is significant.    
14 Some studies find that the demand response to GDP has changed for some specific grades of paper products, 
such as newsprints and printing papers, in some countries due to the development IT technology (Hetemäki and 
Obersteiner, 2002) 
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paperboard, including lagged demand as an explanatory variable is not necessary. Since it is statistically 

insignificant and to save degrees of freedom, we do not include lagged demand in the final model. 

Model 2 shows the final specification of the domestic demand model. Based on the results, 

GDP has a significant impact on the demand for domestic paper and paperboard products, with a unitary 

income elasticity (i.e., the demand grows at the same speed as GDP). A unitary find for the income 

elasticity of demand is higher than that found for developed countries. For example, depending upon the 

type of paper and paperboard grades, Baudin and Lundberg (1987) reported income elasticities ranging 

from 0.54 to 0.66 for all major consuming countries for the period 1961-81. Chas-Amil and Buongiorno 

(2000) found income elasticities ranging from 0.18 to 0.39 for the European Union.15  

Given that China is still at a relatively low level of economic development with a majority of 

traditional industry, the higher income elasticity of demand is plausible and consistent with the finding 

that the demand for paper and paperboard becomes less income elastic as a country’s income increases. 

For instance, Baudin and Lundberg (1987) found that the income elasticity was highest in the low 

income groups (per capita GDP under $2000). In the study of Buongiorno (1978), in which 43 countries 

were divided into low-income countries and high-income countries, the author found that, with the 

exception of printing and writing paper, the income elasticities are higher in low-income countries. 

Interestingly, both the domestic price elasticity and the international price elasticity are 

statistically insignificant before 1993. As discussed in the above section, this is possible because the 

Chinese economy was just beginning to open its markets. SOEs still produced a large portion of the 

product and they were not yet transformed into market oriented enterprises. Therefore, to a large extent, 

SOEs did not have to meet market investment criteria for continued operation. As a result, it is not 

surprising that demand was relatively insensitive to price changes, consistent with the empirical finding 

which fails to reject the hypothesis that the own-price elasticity of demand is zero. 

                                                           
15 Chas-Amil and Buongiorno (2000) also provided elasticities for the individual countries. The estimated income 
elasticity ranged from 0.15 in Portugal to 0.64 in Denmark. 
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This situation has changed as China deepening its economic reforms. Most SOEs have been 

transformed to a so-called modern enterprise system and are now required to satisfy market criteria for 

continued operations and, accordingly, implying that demand will be more sensitive to price changes. 

From the results, the own-price elasticity after 1993 is -0.69 and statistically significant at the 10% level. 

Notwithstanding this, demand is price inelastic, suggesting that few substitutes are available, although 

more price sensitive than the (-0.48, -0.31) and (-0.89, -0.30) range reported by Baudin and Lundberg 

(1987) and Chas-Amil and Buongiorno (2000), respectively.  

 The response of the demand for domestic paper and paperboard products to international price 

changes is positive and significant at about the 10% level after 1993. The cross-price elasticity is 0.59,  

indicating that the demand for domestic paper and paperboard products is affected by the international 

markets as China becomes more integrated into the world market. If the international price is high, the 

demand for domestic products increases; otherwise, China increases imports and reduces demand for 

domestically produced products. Therefore, imports appear to be a substitute for domestically made 

products. Clearly, the international markets can offer almost all types of paper and paperboard products 

needed in China, and these products can certainly substitute for the products that China produces 

domestically.  As expected, the demand for domestic products is more responsive to own price change 

than to international price change.        

 

4.2 The Demand for Imported Paper and Paperboard Products 

China’s imports of paper and paperboard products have increased rapidly. The share of imports 

in total paper and paperboard consumption, for example, has grown from 9% in 1979 to 17% in 2000.  

As China becomes a major player in the international paper and paperboard market, its demand for 

imports will have an increasing impact on the world market. In order to further investigate the 

integration of the Chinese market into the world market and the relationship between the demands for 

domestic products and imports, we also estimate the demand function for imports.  
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Since imports account for almost 20% of the total consumption in recent years, it is possible 

that the domestic price is affected by the amount of total imports, and thus is considered endogenous. 

Hence, we estimate the demand using IV estimation with lagged domestic price as an instrument. Since 

it is unlikely that Chinese imports affected the world price for the period studied, we assume that the 

international price is exogenous.  

The results are reported in Table 2. As in the discussion of the specification for domestic 

demand estimation, we do not include lagged dependent variable because it is insignificant. The demand 

elasticity with respect to GDP is 0.89 and is significant at the 5% level (there is no significant change in 

the two periods). We cannot reject that the income elasticity is 1. Such a demand pattern suggests that as 

the Chinese economy continues to grow, the demand for imports will also grow rapidly, almost at the 

same pace as the economy, and China will be an important potential market for international producers. 

The income elasticities of demand for both domestic products and imports appear to have unitary 

elasticity. This result is somewhat surprising because if imports are mostly high quality products, thus 

like luxury good, the income elasticity should be higher than that for domestic products. A possible 

explanation is that some trade barriers (especially administrative barriers) may exist and have depressed 

the demand. Another explanation would be that, as discussed in Section 1, the demand is also affected 

by increasing the amount of foreign direct investment (FDI) to produce high quality products in China.  

Import demands are also sensitive to changes in the international price, with price elasticity 

equal to -0.60. The demand is price inelastic, and is in the same range of price elasticity for domestic 

demand. The inelastic response to price changes also suggests that relatively few substitute are available 

for imported paper and paperboard products as a whole. This observation is also confirmed by the 

insignificant cross-price elasticity. The import demand does not seem to be affected by the domestic 

price, although the demand for domestic products is responsive to international price as discussed above. 

Therefore, these results are consistent with the notion that imports are a substitute for domestically 

produced paper and paperboard produces but that domestically produced products are not a substitute 
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for imports. Such a difference can almost certainly be attributed to quality differences, and thus the two 

demand functions are in fact consistent with each other. 

As the economic reforms deepen, the own-price elasticity appears to drop slightly. In other 

words, the import demand response to own-price becomes even less price elastic in the second period 

starting from 1993 (the difference of 0.10 is significant at the 10% level). One explanation is that as 

China’s ability to produce higher quality products (for example, due to FDI), the imports focuses 

increasingly on some specific grades of products. Thus, demand becomes less elastic. If this is case, we 

may expect that the income elasticity of imports for high quality imports will increase as the economic 

transition continues. Yet we cannot discern this effect in our model, probably because the effect has not 

fully materialized in our period of study.16 

 

5. Vector Error Correction Model Estimation  

The traditional regression analysis provides estimates of various elasticities, and can 

conveniently test the possible structural change in the demand. One particular concern for the regression 

analysis using time series data is the possibility of nonstationarity of the variables. Nonstationarity (for 

example, caused by unit root) may result in spurious regression caused by unreliable t-statistics. To 

explore this, we analyze the stationarity property of some time series used in the regression and apply 

cointegration techniques to study the demand.  

Although cointegration analysis has advantages in dealing with non-stationary data, it can only 

identify long-run relationship and is generally difficult to test structural changes. Moreover, the Chinese 

economy is evolving as the economic transition continues. It is unclear whether China has reached the 

long-run equilibrium demand relationship or the stability of such a relationship, especially given the 

rapid structural changes in the Chinese economy. In this sense, the results from the regression analysis 

                                                           
16 It is likely that the import demand structure will change with China’s joining the WTO in 2000. With the 
availability of future data, the WTO effect can be evaluated.  
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in the section above and the results based on non-stationary time series in this section should be viewed 

as complementary.    

Although most previous studies on paper and paperboard demand have ignored the stationarity 

issue, a number of other studies have applied techniques for non-stationary data in studying pulp market 

and paper imports. Sarker (1996) used cointegration analysis to investigate the effects of price, income 

and other factors on Canadian softwood lumber exports to the United States. Riis (1996) adopted an 

error correction model to forecast Danish timber price. Alavalapati et al. (1997) investigated the 

determinants of Canadian pulp price. Laaksonen et al. (1997) estimated short- and long-run export 

demand for Finnish printing and writing paper in the United Kingdom. 

We first employ Augmented Dickey-Fuller (ADF) unit root tests (Dickey and Fuller 1979) for 

demand, GDP, and domestic price.17 The results of the ADF test are presented in Table A1 at the 

appendix (lags are selected based on F-tests and Schwarz criterion). These variables appear to be 

nonstationary in levels; however, the unit root hypothesis is rejected for first differences, implying that 

they are I(1). Based on the ADF test, we conduct cointegration analysis and estimate a vector-error-

correction model (VEC) based on Johansen methodology (Johansen 1988, 1991). For a kth order 

unrestricted VAR model: 

                      tktkttt XXXX εππππ +++++= −−− L22110               (10)                           

where Xt is an (n×1) vector of I(1) variables, πi are (n×n) parameter matrices (i = 1, …, n), k is the lag-

length, and εt ~ iid(0, σ2), an error correction representation is, 

                                         (11) t

k

i
ititt XXX επ +∆Γ+Π+=∆ ∑

−

=
−−

1

1
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where ∆ is the first difference operator, , Γ , and I is the identity matrix. I
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1
π

                                                           
17 The ADF test for the international price gives an insignificant ADF statistic of -1.7 for the level series, and a 
highly significant  statistic of -5.23 for the first differenced series, indicating that the international price is I(1). 
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This VEC model is a traditional first difference VAR model plus an error correction term ΠXt-1. 

The matrix Π contains information on the long-run co-movement of the variables. If r, the rank of Π, is 

0 < r < n, we have r cointegrated vectors. A likelihood ratio (LR) test is used to determine the optimum 

number of lags (Sims 1980).18 The LR statistic is obtained by estimating the unrestricted and restricted 

VAR, each with different lags. Due to limited sample size, the unrestricted equation started with lag-

length k equal to 4. The test is then conducted sequentially by reducing k one at a time. The results show 

that the appropriate lag-length in the VAR model is 3, and thus for the VEC model is 2. 

Johansen’s maximum likelihood cointegration tests are applied to find the cointegrated series. 

Johansen’s method tests the restrictions imposed by cointegration on the unrestricted VAR. The method 

entails two tests for the number of cointegrating vectors r: the trace and the maximum eigenvalue tests 

(see also Hamilton 1994 and Walter 1995 for more discussions). The results are summarized in table A2. 

The trace test suggests two cointegrating vectors but the maximum eigenvalue test suggests that there is 

one cointegrating vector. We estimate the cointegration relationship is following:  

lnDt = -7.99 + 1.01*lnYt – 0.22*lnPt + 0.42* lnPAt                                          (9) 
                                  (0.03)          (0.66)          (0.09) 

Table 3 lists the elasticities from both the IV estimation (model 2) and the cointegration analysis. 

The elasticity estimates based on cointegration analysis is in line with that from the IV estimation. The 

own-price elasticity based on cointegration is lower than the IV estimates for the period after 1992, and 

it is statistically insignificant. This is because the cointegration analysis does not control for structural 

change, and thus it pools the two periods before and after 1993 together. It appears that the demand-

price relation prior to 1993 dominates such a relationship, and thus the price effect becomes 

insignificant overall. This is also the case for the cross-price relationship. As for the income elasticity, 

the IV results do not show any structural change, and the estimated income elasticities based on both 

approaches are very close to each other.  

                                                           
18 LR = -2 ( ), where  is the log likelihood of VAR with lags k. The LR statistic is asymptotically 

distributed with degrees of freedom equal to the number of restriction. 
1+− kk ll kl

2χ
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Since the cointegration relationship represents a long-run equilibrium, it is desirable to examine 

the short-run dynamics. Thus, we estimate a VEC model to study the demand adjustment. Based on the 

results summarized in table 4, the error-correction term in the demand function is -1.13 and significant 

at 1 percent level. The negative coefficient of error-correction term ensures that the long-run 

equilibrium is achieved when there was a deviation in the previous period. More specifically, if there is 

a one percent positive deviation of demand from the long-run equilibrium in last period, the growth rate 

of demand falls by 1.13 percentage point in current period. Thus the system automatically adjusts to 

eliminate the positive discrepancy from long-run equilibrium. In addition, to check for the statistical 

adequacy of the VEC model, various diagnostic tests are conducted; and the test statistics, also 

presented in table 4, shows no clear evidence of serial correlation, heteroskedasticity, and non-normality.  

 

6. Conclusions 

Using data covering a twenty two year period and employing instrumental variable and vector 

error correction procedures, we analyzed the demand for domestic and imported paper and paperboard 

products in China. As expected, the empirical results indicate that income and price are important 

determinants of demand. For domestically made paper and paperboard products, the estimated income 

elasticity of the demand is about 1, indicating that the demand increases at the same speed of the 

economic growth. However, the demand does not respond to own-price in the early stage of economic 

reform; and it becomes about -0.7 as the reforms deepen. This result demonstrates that, because of the 

old centrally controlled planning system, the state-owned enterprises to a large extent were operated 

based on non-market oriented criteria with the result that demand is expected to be less sensitive to price. 

This changed with China's economic reforms. The demand response to international price also shows 

the same pattern: the demand is only responsive to price in the second stage of economic reform starting 

from 1993.  

The demand for imports is also about unitary elastic with respect to economic growth. As 

expected, the demand for imported paper and paperboard respond negatively to increase of prices in the 
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world market, yet the response in relatively inelastic, with an estimated own-price elasticity of -0.6. As 

economic transition progresses, the response appears to be even more inelastic. This is probably caused 

by the difference in quality between domestically made and imported products. As the reliance on some 

specific grade of high quality increases, the demand becomes less elastic. The relatively high income 

elasticity and low price elasticity of the demand for imports indicates that China has a huge market 

potential for international producers in this industry. 

The demand for domestic product appears to respond to the price in world market with an 

estimated cross-price elasticity of 0.59. This is not surprising because imports can certainly be used as 

substitutes for domestically produced products. On the other hand, the demand for imports does not 

respond to domestic price. This indicates that domestically made products may not be used as 

substitutes for imports. This is certainly the case given the quality difference.     

In order to address the issue of nonstationarity for variables in the demand function, we also 

estimated an error correction model to study the cointegration relationship and short run dynamics for 

the demand system for domestic products. The results from cointegration analysis are in line with the IV 

estimates. In addition, the error-correction term in the VEC model has a negative and statistically 

significant coefficient, which ensures a return to the long-run equilibrium if there is any deviation in the 

short-run. 

Notwithstanding the small number of observations for this analysis, we are able to obtain 

interesting results, especially related to structural changes in demand. Among the implications of this 

analysis for future work is the need for a larger sample. With larger sample, we may be able to discern 

other structural changes and the effect of joining the WTO. A related limitation deriving from the 

sample size is an inability to test alternative econometric specifications based upon a richer set of 

explanatory variables.  
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Table 1.  Descriptive Statistics 

 
 
 

Variable Variable Description Mean Standard 
Deviation 

Minimum 
Value 

Maximum 
Value 

Domestic 
Demand 

Paper and paperboard output minus 
exports, in million metric tons 

15.62 8.88 4.77 37.09 

GDP Real gross domestic product, in 100 
million Yuan 

13432.77 8131.61 4038.20 29718.47 

Domestic 
Price 

Real ex-factory price indices in 
China 

107.04 11.52 91.03 129.13 

Import 
Price 

Real prices of paper and paperboard 
imported. 

203.53 40.04 137.05 278.39 

Import 
Demand 

Imports of paper and paperboard 
into China, in million metric tons 

2.44 2.11 0.49 6.52 

Rt Dummy=1 for 1993 and subsequent 
years, zero otherwise 
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Table 2.  Demand for Domestic Paper and Paperboard in China by IV estimation 

 
 

 Domestic Demand Import Demand 

Variable 1 2 3 

Constant 4.42 
(6.86) 

-8.11*** 
(2.74) 

-9.30* 
(5.11) 

GDP 0.19 
(0.32) 

1.01*** 
(0.20) 

0.89** 
(0.38) 

Domestic Price -1.46 
(1.14) 

0.35 
(0.90) 

0.96 
(1.64) 

Import Price 
0.13 

(0.19) 
-0.07 
(0.25) 

-0.60* 
(0.30) 

Lagged Domestic Demand 
0.98** 
(0.45)   

Lagged Import Demand    

Reform dummy * Domestic Price  -0.69* 
(0.39)  

Reform dummy * Import Price  0.59* 
(0.34) 

0.10* 
(0.05) 

Test for autocorrelation ρ 0.41 
(0.68) 

0.52 
(0.33) 

0.08 
(0.31) 

Note:  
*, **, *** = significant at 0.10, 0.05 and 0.01 level. 
ρ = coefficient of AR(1) serial correlation.  
 

 
Table 3. The long-run elasticities from IV and Cointegration test 

 

Long-run elasticities  

GDP Domestic Price Import Price 

IV estimates after 1992 
1.01*** 

(0.20) 

-0.69* 

(0.39) 

0.59* 

(0.34) 

Johansen’s Maximum likelihood 
1.01*** 

(0.03) 

-0.23 

(0.23) 

0.42*** 

(0.09) 

Note: *, **, *** = significant at 0.10, 0.05 and 0.01 level. 
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Table 4.  Estimates of the vector error correction model 
   
 
Dependent Variable: ∆Domestic Demandt 

Regressors Coefficients Standard error 

Error Correction Term -1.13 0.18 

∆Domestic Demandt-1 0.92 0.20 

∆Domestic Demandt-2 1.02 0.21 

∆GDPt-1 -1.61 0.67 

∆GDPt-2 -0.38 0.80 

∆Domestic Pricet-1 -0.58 0.25 

∆Domestic Pricet-2 0.19 0.26 

∆Import Pricet-1 -0.12 0.10 

∆Import Pricet-2 0.10 0.10 

Adj. R2 0.78 

LM(1) 17.39 [0.36] 

White test 184.93 [0.39] 

Jarque-Bera 38.51 [0.96] 
Note: 
Test assumption: linear trends in the data but the cointegration equations have only intercept. 
Figures in blanket denote probability value. 

 
 

23



 
 

24

 
Appendix 

 
Table A1.  Augmented Dickey-Fuller Tests for individual variable 

 

Variables ADF-Statistics LAGS Trend Intercept 

Level     

Domestic Demand 
-1.90 8 Yes Yes 

GDP -3.61 6 Yes Yes 

Domestic Price -2.06 1 No Yes 

First Difference     

Domestic Demand 
-4.10** 3 No Yes 

GDP -3.26** 6 No Yes 

Domestic Price -4.01** 0 No No 

Note: 
** = significant at 0.05 level. 
The null hypothesis is the series has unit root. 
 

 
Table A2.  Johansen’s cointegration test 

   
Null 

Hypothesis 
Alternative 
Hypothesis 

 5% 
Critical Value 

1% 
Critical value 

λtrace test  λtrace value   

R = 0 r > 0 93.49 47.21 54.46 
R ≤ 1 r > 1 39.28 29.68 35.65 

R ≤ 2 r > 2 14.21 15.41 20.04 

λmax test  λmax value   

R = 0 r = 1 54.21 27.07 32.24 

R = 1 r = 2 25.06 20.97 25.52 

R = 2 r = 3 12.33 14.07 18.63 

Note: 
Test assumption: linear trends in the data but the cointegration equations have only intercept. 
The 5 and 1 percent critical values for the trace statistics are calculated by Osterwald-Lenum (1992). 
L.R. test indicates 1 cointegrating equation at 0.01 significance level in maximum eigenvalue tests. 
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