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A B S T R A C T

The aim of this study is to examine the impact of FDI on the total factor productivity of the forest products
industry in China. We investigated three forestry-related manufacturing industries in the study. The first is the
wood products industry, which encompasses the processing of timber and the manufacture of wood, bamboo,
rattan, palm, and straw products. The second is the manufacture of furniture, and the third is the manufacture of
paper and papermaking products. We used firm-level census data related to 78,555 forestry firms for the period
1999-2007to conduct our tests for within-firm, within-industry, and vertical effects, and calculated the effect of
FDI on the productivity of Chinese forestry firms. In this study FDI is divided into two categories: capital from
HMT (Hong Kong, Macau, and Taiwan) regions and capital from non-HMT regions. The impact of FDI on the
productivity of the forest products industry is complicated. At the industry level, FDI from HMT regions tends to
have a significant positive impact on the productivity of the wood products industry. FDI from non-HMT regions
and HMT regions tends to have the same impact on the productivity of the forest products industry in terms of
the forward effects but a different impact in terms of the backward effects. Our findings have immediate im-
plications for policymakers in China as well as for the governments of less-developed countries that are for-
mulating their foreign investment policies.

1. Introduction

With the globalization of the economy and the flow of factors of
production, the impact of foreign direct investment (FDI) on various
industries, including the forest products industry, is becoming in-
creasingly important. Raising the productivity of the forest products
industry has become an important issue to study because of the in-
creasing demand for manufactured forest products and the need to
pursue a green environmental policy (Chen et al., 2017; Cheng et al.,
2010). Although scholars have paid attention to some factors affecting
the productivity of the forest products industry, there is a lack of re-
search on the impact of FDI on the productivity of the forest products
industry.

The impact of FDI on total factor productivity (TFP) cannot be ig-
nored given the trend of increasing FDI. According to the United
Nations Conference on Trade and Development (UNCTAD, 2017), FDI
flows to developing economies reached $670 billion (or 47 percent of
global flows) in 2017. Accordingly, scholars have discussed the impact
of FDI extensively, including the impact on the manufacturing industry

in entire countries or regions (Jiang, 2017; Abraham et al., 2010;
Aitken and Harrison, 1999; Blomström and Persson, 1983). A few
scholars have studied the role of FDI in specific industries of the host
countries. Walkenhorst (2000) reported on spillovers from FDI on the
sugar beet-processing industry in Central European transition countries
and drew the conclusion that FDI improves the productivity of the re-
lated industries. Dries and Swinnen (2004) argued that FDI has negative
implications for small local suppliers. Jefferson and Hu (2002) found
that FDI tends to reduce the productivity and market share of domestic
firms in the electronic and textile industries in the short term, but the
influence is different in the long term. Jin et al. (2017) investigated the
impact of FDI on the TFP of Chinese food firms and found that it de-
pends significantly on the type of FDI and its home countries. The
impacts of FDI on a specific industry are different from those on the
whole manufacturing industry, and the impacts on different industries
are also different. FDI in the forest industry has increased rapidly since
the 1990s (Laaksonen-Craig, 2004). For example, based on the avail-
able statistics for the wood products industry, the global FDI stock in
2010 was about six times larger than it was in 1990 and reached a peak
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of 142 billion US dollars in 2007 (Zhang et al., 2014). This growth
makes it extremely important to study the impact of FDI on the pro-
ductivity of the forest products industry.

Although FDI is becoming increasingly important for the develop-
ment of the forest products industry, the existing research on the pro-
ductivity of the forest products industry mainly focuses on the pro-
duction tools, management tools, macro-policies, and innovation; the
impact of FDI on the forest products industry has been neglected. Simon
et al. (2018) concentrated on the ways to improve the efficiency of
forestry production by using high-efficiency harvesting tools. Through
the analysis of forestry in the northeastern United States, Kelly et al.
(2017) concluded that effective management measures would have a
positive impact on productivity. For countries with scarce forestry re-
sources, increasing productivity not only promotes industrial develop-
ment, it is also a necessary requirement for sustainable development. As
a populous country, China's per capita resources are quite limited, so
improving TFP is an important direction for forest products industry
development. Zang et al. (2015) believed that the main factors affecting
the productivity of forestry in China are the differences in the macro-
policies, the inadequacy and change of investment in forestry science
and technology, the differences in the allocation of forestry resources,
and the imbalance of the regional economic development levels. Chen
et al. (2017) found that there are two main ways to improve forestry
productivity in China: one is to reform the state-owned forestry en-
terprises and the other is for the Chinese government to take individual
measures to improve the efficiency of the forest products industry ac-
cording to the specific conditions of the different provinces. Institu-
tional innovation will have a positive impact on the TFP of enterprises,
and the entry of private capital will also promote the production effi-
ciency of the state-owned forestry enterprises (He and Weng, 2012).
Kreuser and Newman (2018) used firm-level data for the period
2010–2013 to estimate TFP and found that firm size has a positive ef-
fect on productivity. Yang et al. (2016) conducted an empirical study on
the TFP of state-owned forestry enterprises from 2001 to 2011 and
concluded that technological progress and other inputs would affect
TFP, and that technological progress was the main driving force for
productivity growth. Although scholars have discussed the factors af-
fecting the productivity of the forest products industry from different
aspects, which has provided us with a strong baseline, there is a lack of
research on the impact of FDI on the productivity of the forest products
industry. Thus, the impact of FDI on the TFP of China's forest products
industry will be examined in this study.

The rest of the paper is organized as follows. The next section in-
troduces the FDI in China’s forest products industry. Section 3 discusses
the methodology and data. In Section 4 the results are presented for
different specifications, and Section 5 presents our conclusions.

2. Foreign direct investment in China’s forest products industry

With the implementation of China's reform and opening-up strategy,
its forest products industry began to enter the embryonic stage of using
foreign capital. In 1979, the National People's Congress promulgated
the Law on Sino-Foreign Joint Venture Enterprises, which was the first
law to regulate the matters affecting the attraction of investment and
laid a legal foundation for the development of this investment. As a
result of this, China began to attract FDI in many industries including
the forest products industry. In order to improve the usage rate of FDI,
the state introduced many preferential policies, such as land leasing,
taxation, and national treatment. During this period, the legal and
policy effects of attracting foreign investment developed. The amount
of FDI in the forest products industry was relatively small. One reason
for this was that not all fields were opened to the outside world in this
period, and another reason was that the needs of forestry development
in this period were more concentrated on infrastructure construction,
which is dominated by state funds. Accordingly, as shown in Fig. 1, the
number of forest products enterprises with FDI increased only slowly

between 1979 and 1988.
After more than ten years of initial development, the forest products

industry officially opened at a preliminary level after Deng Xiaoping's
southern tour in 1992. Deng Xiaoping's southern speech opened a new
chapter in China's reform and opening-up, and this provided better
policy space and development opportunities for the forest products
industry to introduce and use foreign capital. Thereafter, China's forest
products industry entered a period of steady development by using FDI.
China's investment policies and laws and regulations were also further
improved in this period, which provided the right conditions for China's
forest products industry to broaden the depth and breadth of FDI. From
1992 to 1994 the number of forest products enterprises with FDI in-
creased greatly from 713 to 3077. In 1995 the Ministry of Foreign Trade
and Economic Cooperation promulgated the Provisional Provisions on
Several Issues Concerning the Establishment of Foreign-funded Joint
Stock Limited Companies and the Provisional Provisions on Foreign-
funded Investment Companies in the form of departmental regulations,
which expanded and enriched the forms of foreign investment. In the
same year the State Planning Commission, the State Economic and
Trade Commission, and the Ministry of Foreign Trade and Economic
Cooperation jointly issued the Interim Provisions for the Guidance of
Foreign Investment and the Catalogue of Foreign Investment Industries.
These two regulations further clarified the direction and scope of for-
eign investment and specified the Permission and Prohibition specific
catalogue for foreign investors. In 2001, China revised the Law on Sino-
foreign Joint Ventures for the first time. This revision specified that the
scope of foreign investment should be in line with the Catalogue of
Guidance for Foreign Investment Industries. Overall, the relevant po-
licies, laws, and regulations in this period in respect of using foreign
capital were much improved, which thereby provided more specific and
appropriate guidance for China's use of foreign capital and made the use
of foreign capital in the forest products industry more standardized and
diversified. During this period China's forest products industry used
foreign capital with relatively little international borrowing and inter-
national aid, and the proportion of FDI increased. It can be seen from
Fig. 1 that the total amount of foreign capital used by China's forest
products industry reached ￥39.12($4.72) billion in 2001.

China's accession to the World Trade Organization(WTO) at the end
of 2001 provided a more favorable international environment for China
in which to further expand its market and use foreign capital. After
China's accession to the WTO, China promised to reduce the conditions
placed on market access to the relevant fields and to open the market
for forest products. These changes enabled all foreign individuals and
enterprises, including those who had not previously invested or regis-
tered in China, to enjoy the same treatment in terms of trade rights as
Chinese enterprises and ensured the elimination of state-owned
monopolies. At the same time, in conjunction with the need to upgrade
the overall industrial structure, the Chinese government began to adjust

Fig. 1. Number of forest products enterprises with FDI from 1979 to 2017.
Source: State Enterprise Credit Information Publicity System of China
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the FDI usage policy. In 2004 and 2007, the Ministry of Commerce
revised the Catalogue of Guidance for Foreign Investment Industries
twice, thereby further expanding the field and scope of forest products
industry investment. These revisions encouraged foreign-funded en-
terprises to enter forest areas and introduce new technologies for the
comprehensive use of "sub-small, firewood", timber and bamboo
timber, undertake new product development and production, and
produce high-grade paper and cardboard. At the same time, the foreign-
funded enterprises were also given certain tax and tariff preferences in
these areas. In 2007 the National People's Congress promulgated the
Enterprise Income Tax Law, which set out the tax differences between
domestic and foreign-funded enterprises. The FDI in the forest products
industry increased from ￥39.12($4.72) billion in 2001 to
￥105.24($13.85) billion in 2007 (see Fig. 2).

The global financial crisis broke out in 2008, and the world
economy suffered heavy losses. Although China's advantage in using
foreign capital was still substantial, foreign capital inflows into China
were negatively affected, due to the influence of the world economic
downturn. The number of forest products enterprises had been de-
clining, but the amount of FDI increased slightly from 2008 to 2010 (see
Fig. 1). During those three years, the use of foreign capital in the forest
products industry was relatively stable, and the industry was in an
adjustment stage. The amount of FDI in the forest products industry in
2008 and 2009 was similar (see Fig. 1). In order to improve the quality
and level of the use of foreign capital in this special period and to play a
positive role in using foreign capital to promote scientific and techno-
logical innovation, industrial upgrading, and better coordinated re-
gional development, the State Council published Some Opinions on
Further Perfecting the Work of Utilizing Foreign Capital in 2010. This
document decreed that the examination and approval of the use of
foreign capital in the forest products industry should be delegated to
local governments by the relevant departments of the State Council
within the scope permitted by the laws and regulations, and that the
contents of the examination and approval process should be adjusted to
simplify the examination and approval procedures. At the same time,
the momentum of the progress of using FDI in the forest products in-
dustry was tilted to the central and western regions. The total FDI
amounted to ￥155.321($22.78) billion by the end of 2010 compared
with ￥105.24($13.85) billion in 2007 (see Fig. 2).

In 2011 the global economy slowly recovered from the economic
crisis. To take advantage of the expanding global FDI flows, the
Ministry of Commerce and the National Development and Reform
Commission revised the Catalogue of Guidance for Foreign Investment
Industries twice in 2011. These revisions further expanded the scope for
foreign investment, especially the categories of encouragement, re-
striction, and prohibition, which in 2007 had decreased by three and
increased by seven and one, respectively. At the same time, the pro-
portion of allowable foreign investment holdings in some areas was

abolished, and the requirement for equity in the encouragement and
restriction categories was reduced by 11 items compared with 2007.
For the forest products industry specifically, a new "synchronous con-
struction of high-grade paper and cardboard production" category was
added to the 2007 Catalogue of Guidance for the Foreign Investment
Industry. These changes show that China was beginning to present a
scientific and rational plan for the use of FDI in the forest products
industry. The average use of foreign capital between 2011 and 2016
was ￥170.472($27.05) billion per year (see Fig. 2). The amount of
foreign capital used by China's forest products industry has been rising
since 2011, but the rate of increase was slower than it was before 2008
(see Fig. 2).

3. Methodology and data

3.1. The empirical model

The main parts of the forest products industry in this study are
classified at the level of the 2-digit Chinese Standard Industry
Classification code (CSIC, GBT 4754-2002): the wood products industry
(2-digit CSIC code 20), the furniture manufacturing industry (2-digit
CSIC code 21), and the papermaking and paper industry (2-digit CSIC
code 22). The 2-digit CSIC forest products industry code 20 comprises
the processing of timber, wood-based panel manufacturing, manu-
facture of wood, and manufacture of bamboo, rattan, palm, and straw
products. The CSIC forest products industry code 21 comprises wooden
furniture manufacturing as well as bamboo and rattan furniture man-
ufacturing. The CSIC forest products industry code 22 comprises pulp
making, papermaking, and paper products manufacturing.

Many scholars use TFP as an indicator of productivity to determine
the role of other factors in improving productivity because it provides
accurate and robust measures of productivity at the firm level, which
allows for a comparison of the productivity distributions and trajec-
tories across the manufacturing subsectors (Añón Higón et al., 2018;
Keng and Wu, 2014; Bernini et al., 2017). We use TFP to represent
productivity to find out the effects of FDI on the productivity of the
forest products industry.

To study the relationships between the variables, we adopt a mul-
tiple regression equation following the related literature (Jin et al.,
2017; Du et al., 2012; Jefferson and Hu, 2002).

= + + + + +LnTFPlmt FDIlmt Controlslmt µm µt lmt0 1 2 (1)

where LnTFPlmt is the natural logarithm of TFP for firm l in the 3-digit
CSIC industry code m in year t. A widely accepted method used to
measure TFP was published by Olley and Pakes in 1996. Their method
has been extensively used in previous studies (Liu, 2007; Amiti and
Konings, 2007; Javorcik, 2004), since the method is able to overcome
both simultaneity bias and selection bias that may occur if ordinary
least square (OLS) is used to estimate the parameters in the production
function (Du et al., 2012; Abraham et al., 2010; Liu, 2007). See Ap-
pendix 2 for the technical details on how the method is implemented.
We calculate the firms’ TFP separately for the different 2-digit forest
products industry because each 2-digit industry has distinct features,
and we subsequently estimate Eq. (1) separately for each industry. As
illustrated in Fig. 3, the TFP of the three industries showed an overall
upward trend from 1999 to 2007. The TFP of the wood products in-
dustry was higher than that of the furniture manufacturing industry and
papermaking and paper industry, while the papermaking and paper
industry had the lowest TFP.

FDIlmt denotes the vector FDI variables, and it includes four vari-
ables: Firmlmt , Industrymt , Upstreamnt and Downstreamnt1 . Firmlmt

Fig. 2. Total foreign capital use of forest products enterprises from 2000 to
2016.
Source: National Bureau of Statistics of China

1 = ×Industrymt l m Firmlmt Ylmt

l m Ylmt Ylmt is the revenue for firm l in

3-digit industry m in time t . = ×Upstreamnt nk
n k

l k Firm t Y t

l k Y t
ln ln

ln
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means the proportion of foreign capital in a firm and is used to calculate
the influence of FDI on the productivity of forest products firms. For-
eign-invested enterprises improve their quality and productivity
through training employees and implementing advanced management
techniques (Cai and Liu, 2009; Borensztein et al., 1998). In addition,
foreign-funded enterprises can obtain more information about the in-
ternational market through their information channels and obtain
cheap and/or high-quality intermediate goods imported from overseas,
thereby making their enterprises more competitive (Bwalya, 2006;
Borensztein et al., 1998).

FDI will affect not only the TFP of a single foreign-funded en-
terprise, but also the TFP of other domestic enterprises in the same
industry. It can raise the productivity and efficiency of the entire in-
dustry by technology spillover (Bwalya, 2006; Blomström and Persson,
1983; Findlay, 1978; Koizumi and Kopecky, 1977). Domestic-funded
enterprises can learn advanced production technology and managerial
skills from foreign firms through the participation of employees of the
foreign-funded enterprises and exchanges between enterprises in the
same industry (Bwalya, 2006; Görg and Strobl, 2010; Fosfuri et al.,
1998). FDI changes the structure of an imperfectly competitive industry
and achieves superior competition in the industry (Bwalya, 2006;
Teece, 1977). It is noteworthy that the positive horizontal spillover
effect assumes that the domestic enterprises have sufficient learning
ability and that the personnel flow between industries and the tech-
nological exchange have no barriers (Lin et al., 2009). Therefore, we
should make it clear that the horizontal effect is not entirely positive.
For example, the foreign-funded enterprises may reduce the pro-
ductivity of the domestic enterprises in the industry by squeezing their
market share (Zhang et al., 2010; Aitken and Harrison, 1999). Theo-
retically, the net horizontal effect of FDI on domestic firms is indefinite,
and it depends on the relative magnitudes of the positive and the ne-
gative effect. The variable Industrymt is used to measure the ratio of
foreign capital at the 3-digit industry level and is also known as the
horizontal effect. This variable allows us to measure the impact of
foreign ownership within the industry on the TFP of Chinese forest
products firms. Note that this variable changes only over m and t .

Finally, from the perspective of inter-industry linkages, the FDI may

generate vertical effects, which include forward and backward effects.
The positive forward effect occur when foreign participation in the
downstream sectors enhances the productivity of the upstream food
firms (Jin et al., 2017). The positive forward effect is achieved mainly
in the following ways. A high proportion of foreign capital in the
downstream industry will improve the quality requirements for the
upstream industry products so that local suppliers have to upgrade their
technology and management to meet the higher product quality re-
quirements of the foreign buyers (e.g. Foreign Investment Enterprises
(FIEs) would require their suppliers to become International Organi-
zation for Standardization (ISO) certified) (Javorcik, 2004). Foreign
investment in downstream industries promotes the growth of upstream
industries by increasing the demand for intermediate inputs from up-
stream industries (Markusen and Venables, 1997). The positive back-
ward effect may take place when upstream foreign-funded enterprises
transmit advanced production technologies to downstream enterprises
through their supply chain links to promote the efficiency of the
downstream enterprises (Javorcik, 2004). In addition, downstream
domestic companies may benefit from new, high-quality and low-cost
intermediary products from upstream foreign firms. However, the ef-
fects can be ambiguous, depending on the condition of the domestic
firms (Trebbin, 2014). The negative forward effect may occur when an
industry in upstream sectors cannot comply with the higher standards
and grading requirements for the products supplied from the down-
stream sectors. In addition, firms in downstream sectors may have more
bargaining power with upstream firms. As such, they may reduce the
suppliers’ productivity by lowering the price of intermediate products.
Similarly, the negative backward effect may take place when foreign-
funded firms capture a higher market share leaving domestic customers
with fewer alternatives, hence higher input prices (Orlic et al., 2018).
Following Javorcik (2004), the final two FDI variables in this study,
Upstreamnt and Downstreamnt , are used at the 2-digit CSIC industry
level to test whether FDI has vertical effects. The variableUpstreamnt is
used to measure the forward effect, that is whether FDI in the down-
stream sector, which directly uses forest products as materials, has an
impact on the TFP of the forest products industry n in time t . Similarly,
the variable Downstreamnt was used to measure backward effect, that
is, whether FDI in the upstream sector, which directly supplies products
as forest products’ materials, has an impact on the TFP of the forest
products industry n in time t.

Controlslmt is a vector of the control variables in the firm l of in-
dustry m in time t , and it includes Ln lmt( )K

L , Statecontrollmt ,
L escalelmtarg , Smallscalelmt . Ln lmt( )K

L is an indicator variable which
is measured by the natural logarithm of fixed assets per employee, and
it is used to reflect the fact that factor endowment may influence pro-
ductivity. Statecontrollmt is an indicator variable that equals 1 if the
share of total equity owned by the state is larger than 50 percent, since
state-owned enterprises may have lower productivity due to their low
input-allocation efficiency (Yu, 2015; Jefferson and Hu, 2002).
L escalelmtarg is an indicator variable for whether the firm’s sales rank
is among the top 25 percent in the forest products industry, while
Smallscalelmt represents whether the firm’s sales rank is among the
bottom 25 percent in the forest products industry. (β0, β1, β2) re-
presents the vector of the parameters, µm and µt are unobservable
industry- and time-specific factors that may be correlated with FDIlmt
and Controlslmt , and lmt is the idiosyncratic error term.

Some scholars have found that FDI from the HMT regions (Hong
Kong, Macao, and Taiwan) and non-HMT regions may have different
effects (Jin et al., 2017; Abraham et al., 2010; Jefferson and Hu, 2002),
so we have a difference in every variable to determine whether the
impact of FDI from different regions on the forest products industry
varied. From research carried out by scholars, we speculate that there
may be some reasons that contribute to the different effects that FDI
from different sources has on TFP. First, investors form HMT regions
tend to make use of China’s cheap production costs and their invest-
ment is mainly export-driven (Abraham et al., 2010). The effects of

Fig. 3. LnTFP of the three forest products industries between 1999–2007.

(footnote continued)
=

×
Downstreamnt njj n

l j Firm t Y t EX t

l j Y t EX t

ln ( ln ln )

ln ln where Firm tln and Y tln represent the foreign
equity share and revenue of firm l in the 2-digit forest products industry n in
time t , αnk represents the proportion of sector n s production supplied to
downstream sector k , and njrepresents the proportion of sector n s production
bought from the upstream sector j. The above two coefficients were sourced
from the input–output table provided by the Chinese government. The input-
output coefficients connect the forest products industry n with all of the other
industries’ foreign capital presence. Because only the domestic intermediates
sold in the domestic market can represent the true contacts between the forestry
sector and its domestic suppliers, firm exports (EX tln ) were excluded when
calculatingDownstreamnt
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export-oriented FDI are weaker than those of domestic-market-oriented
FDI (Lin et al., 2009). Second, FDI from non-HMT regions is more likely
to utilize advanced technology, which creates a negative competition
effect for domestic firms (Jefferson and Hu, 2002). The investors from
HMT regions in the forest products industry tend to use China’s forestry
resources to capture profit. We use Firm fs_ to refer to the share of the
firms' equity owned by non-HMT investors and Firm hmt_ for the share
of the firms’ equity owned by HMT investors. All of the other FDI
variables are calculated based on those two kinds of foreign investment.

3.2. Data resources

The empirical model is tested using data from the Annual Industrial
Survey collected by the China National Bureau of Statistics and span-
ning the years 1999 to 2007. The data contain firm-level data of “firms
above a designated size,” which refers to the enterprises, whether state-
owned or non-state-owned manufacturing enterprises, with an annual
revenue from their principle business of over ￥5 million (about $0.63
million). In order to measure our problem more precisely, we carried
out the selected work set out below.

For one thing, we applied the sequential identification method of
Brandt et al. (2012) to identify firms using a single indicator. For an-
other, we applied methods based on previous studies (Cai and Liu,
2009; Jefferson et al., 2008; Levinsohn and Petrin, 2003) to exclude
unreliable data where (a) any important financial indicators, such as
total assets, total fixed assets, price of fixed assets, sales, received ca-
pital, or industrial intermediate inputs are missing or negative, (b) the
average number of employees is less than ten per year, (c) if the scale is
inadequate (i.e. the sales revenue of products is less than ￥5 million
(about $0.63 million), (d) there is non-conformity with International
Accounting Standards, (i.e. the total assets are less than the total of
current assets, total assets are less than the total of fixed assets, and
accumulated depreciation is less than the current depreciation), and (e)
enterprises with the highest and lowest productivity. In order to get a
more accurate estimate, the original data were deflated following Yu
(2015) and Amiti and Konings (2007). We used the appropriate index
deflated output, intermediate input, and capital2 .

Finally, we calculated the variables we needed by using the selected
data. We proxy firms’ gross output value for output, fixed assets
(measured at the original purchase price) for capital, industrial inter-
mediate input for material input, and the number of employees for
labor in order to calculate TFP (Jin et al., 2017). We calculated the
explanatory variables (Firm, Industry, Upstream, Downstream) and
control variables (Ln lmt( )K

L , Statecontrollmt , L escalelmtarg ,
Smallscalelmt) by using total output, export, sales, capital, and so on.

The capital is divided into two types: the capital from HMT regions
and that from non-HMT regions. It is necessary to make clear that the
source of the capital will have different effects. Each explanatory
variable has been computed into two indicators based on the source of
funds; for example, we used Firm fs_ to measure the effect of capital
from the non-HMT regions on the TFP of the forest products industry,
while we used to measure the effect of capital from the HMT regions on
the TFP of the forest products industry. Table 1 shows a brief descrip-
tion of the variables.

4. Empirical results and discussions

In consideration of the heterogeneity across different industries, we
split the sample by 2-digit industries and regress each separately. The

year dummy variable and time trend item were added to the regression
at the firm level and the industry level. Since we divide the sample by
industry, the variables Upstreamnt and Downstreamnt are only time
varying. Therefore, we exclude the year dummy variables in these
models.

Table 2 shows the results of the impact of the firm-level FDI on the
Chinese forest products firms’ productivity, and Table 3 shows the re-
sults of the influence of the FDI within the same industry, while Table 4
shows the results of the influence of the FDI from the vertical supply
chains3 . The four FDI-related variables set earlier enter the model se-
parately in order to avoid potential multicollinearity problems because
the four FDI variables are highly correlated with each other.

According to the results of Hausman test, fixed effects are used in
most regressions. Considering the possibility of heteroscedasticity of
random perturbation terms, robust standard error is used in regression.
The p-values for the significance tests for regression are all less than
0.0001. With regard to the control variables, the natural logarithm of
the capital-labor ratio, Ln ( )K

L , is negatively related to the TFP, which is
consistent with the results from Jin et al. (2017); firm size contributes
positively to productivity, which indicates scale economies in Chinese
forest products firms.

4.1. Firm-level productivity effects

Based on the influential factors identified in the conceptual and
methodological framework, Table 2 displays the estimates of the in-
fluences of foreign equity on the productivity of the three forest pro-
ducts industries. Columns (1), (3), and (5) show the results of the im-
pact of non-HMT foreign ownership on firm productivity, while the
remaining columns present the results of the impact of HMT ownership.

As can be seen from Table 2, there is no significant evidence to
indicate that foreign equity from non-HMT regions or HMT regions will
influence the productivity of the three forest products industries that we
have discussed. This result is different from the research findings of
many scholars who found that FDI from non-HMT regions or HMT re-
gions will have significant impact on productivity (Du et al., 2012; Cai
and Liu, 2009; Bwalya, 2006; Borensztein et al., 1998). The empirical
results of many scholars show that FDI may improve productivity by
contributing advanced technology, management experience, and in-
termediate products with high technology content (Bwalya, 2006; Görg
and Strobl, 2010; Borensztein et al., 1998), but Du et al. (2012) found
that HMT-invested firms did not have productivity advantages to
achieve higher TFP, and Broadman and Sun (2010) found that FDI from
HMT regions had a negative effect on productivity. The effect of FDI on
productivity is highly complex, as different mechanisms of action may
counteract each other. FDI that brings advanced technology, manage-
ment experience, qualified human resources and high-quality inter-
mediate products can improve productivity at the firm level, while FDI
from HMT regions will have negative effect because the investment may
only be due to resource needs and investment convenience.

4.2. Intra-industry effects

Table 3 presents the estimates of the productivity spillover effects of
the FDI presence in the same industry.

The coefficient of Industry_hmt turns out to be positive in column
(2), and the effect is significant at the p = 0.1 level, which means that
HMT invested firms have overt positive influences on the wood

2 The output is deflated using the national forestry-related industry producer
price indices for industrial products. The intermediate input is deflated using
the timber and paper pulp products' purchasing price indices for industrial
producers. The capital is deflated using the national price indices of investment
in fixed assets.

3 We used the translog production function to calculate TFP for the robustness
check. The regression results, which used these translog TFP measures, are
qualitatively similar to the results obtained using Olley and Pakes’ TFP mea-
sures. In light of the consistency of results across specifications, and the fact that
the translog appeared to be overly flexible in the context of our data, we have
elected to retain Cobb-Douglas specification.
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products industry. This shows that HMT invested firms benefit the
forest products firms’ productivity in the wood products industry. We
speculate that there are two reasons for this effect. First, foreign in-
vestment from HMT will increase competition within the industry, thus
prompting enterprises to endeavor to increase their productivity
(Bwalya, 2006). Second, due to geographical and cultural factors, in-
vestment enterprises from HMT are closely linked to and cooperate
with domestic enterprises in the same industry. This situation will ac-
celerate the flow of technology, management experience, and in-
formation from foreign-funded enterprises to domestic-funded

enterprises, thereby improving the TFP of domestic-funded enterprises.
The result is quite different from Lin et al.’s (2009) research, which
investigated FDI effects in the entire manufacturing industry in China
and showed that FDI from HMT regions has a negative effect.

Foreign capital from non-HMT regions has no significant impact on
the three forest products industries that we have discussed. The result is
quite different from the findings of Lv and Huang (2006a), who ob-
served significant positive spillovers in the Chinese agricultural pro-
ducts processing industry by applying industry-level panel data. A
possible reason for this result is that the potential positive spillover

Table 1
Description of the variables.a

Variable Description

LnTFP The natural logarithm of total factor productivity.
Firmb The proportion of foreign capital in a firm.
Industrya The ratio of foreign capital at the 3-digit industry level.
Upstreama The proportion of foreign capital in the downstream industry of forest products industry at the 2-digit industry level.
Downstreama The proportion of foreign capital in the upstream industry of forest products industry at the 2-digit industry level.
Ln(K/L) The natural logarithm of the capital to labor ratio in a firm.
StateControl An indicator variable for whether the share of total equity owned by the state is greater than 50 percent.
LargeScale An indicator variable for whether the firm’s sales rank is among the top 25 percent in the forest products industry.
SmallScale An indicator variable for whether the firm’s sales rank is among the bottom 25 percent in the forest products industry.

a These FDI-related variables are divided into _fs and _hmt in order to differentiate between the impact of capital from HMT and non-HMT regions.
b As we use panel data, the conventional descriptive statistics of listed variables is not included.

Table 2
Impact of FDI on firm productivity at firm level.

20 Wood products industry 21 Furniture manufacturing industry 22 Papermaking and paper industry

(1) (2) (3) (4) (5) (6)

Firm_fs −0.0139(
−0.62)

0.0018
(0.08)

−0.0229(
−0.93)

Firm_hmt 0.0051
(0.20)

−0.0090
(−0.42)

−0.0075(−0.54)

Ln(K/L) −0.0188***(−4.74) −0.0166***(−3.97) −0.0189***(−2.76) −0.0220***(−2.87) −0.0202***(−5.62) −0.0204***(−5.13)
Statecontrol −0.0151

(−0.71)
−0.0104(−0.42) −0.0225(−0.77) −0.0152(−0.47) −0.0112(−1.11) −0.0101(−0.87)

Largescale 0.0823***
(11.99)

0.0847***
(11.51)

0.0855***
(6.97)

0.0858***
(6.15)

0.0797***
(12.90)

0.0827***
(12.53)

Smallscale −0.114***
(−9.97)

−0.119***(−9.54) −0.110***(−7.54) −0.108***(−6.77) −0.0861***(−13.49) −0.0881***(−13.35)

IndustryDummy Yes Yes Yes Yes Yes Yes
YearDummy Yes Yes Yes Yes Yes Yes
TimeTrend Yes Yes Yes Yes Yes Yes

Note: ***, **, and * indicate the significance of the coefficients at the 1%, 5%, and 10% levels, and the values in parentheses are standard deviations.

Table 3
Impact of FDI on domestic forest products firm productivity in the same industry.

20 Wood products industry 21 Furniture manufacturing industry 22 Papermaking and paper industry

(1) (2) (3) (4) (5) (6)

Industry_fs 0.107
(0.44)

−0.0229
(−0.12)

−0.0115(−0.14)

Industry_hmt 0.668*
(1.73)

−0.0952(
−0.75)

0.0285
(0.15)

Ln(K/L) −0.0201***
(−4.28)

−0.0201*** (−4.28) −0.0203***(−4.43) −0.0223**(−2.52) −0.0207*** (−4.98) −0.0207***(
−4.98)

Statecontrol −0.0037
(−0.13)

−0.0038(−0.13) −0.0596**(−2.50) −0.0252(−0.57) −0.0125(−0.95) −0.0125(−0.95)

Largescale 0.0775***
(10.55)

0.0778***
(10.62)

0.0780***
(7.03)

0.0831***
(4.56)

0.0825***
(12.59)

0.0825***
(12.59)

Smallscale −0.118***
(−8.28)

−0.119***(−8.19) −0.0893***(−6.82) −0.102***(−6.03) −0.0891*** (−12.85) −0.0891***(
−12.85)

IndustryDummy Yes Yes Yes Yes Yes Yes
YearDummy Yes Yes Yes Yes Yes Yes
TimeTrend Yes Yes Yes Yes Yes Yes

Note: ***, **, and * indicate the significance of the coefficients at the 1%, 5%, and 10% levels, and the values in parentheses are standard deviations.
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effect and negative effect on domestic firms may cancel out, and cause
the non-significant result in our estimation (Lin et al., 2009). The ap-
parent heterogeneity in the spillover effects across different industries
means that it is more beneficial to investigate the impact of FDI on the
Chinese forest products industry specifically.

4.3. Vertical effects

Table 4 shows the results from the models investigating the impact
of foreign equity in the upstream and downstream sectors on the Chi-
nese forest products firms’ productivity. As can be seen from columns
(5)in Table 4, the coefficients of the furniture manufacturing industry
was significant at the p = 0.01 level. The result in column (5) reveals
that FDI from non-HMT regions in downstream sectors will decrease the
productivity of the furniture manufacturing industry. This may be be-
cause firms in the furniture manufacturing industry cannot comply with
the higher standards and grading requirements for the supplied pro-
ducts (Farina and Reardon, 2000).

The results regarding the backward effects caused by non-HMT in-
vestments are shown in the columns (3), (7), and (11). The coefficients
of the wood products industry and papermaking and paper industry
were significant and positive at the p = 0.01 level (columns (3) and
(11)). Obviously, non-HMT investment in upstream sectors plays a
positive role in facilitating the productivity of domestic forest products
firms in the wood products industry and papermaking and paper in-
dustry. This may be attributed to cheaper and higher-quality inter-
mediate products being provided by the foreign firms in the upstream
sectors. The results are consistent with other findings for Chinese
manufacturing firms (Jin et al., 2017; Du et al., 2012; Liu, 2007)

In respect to the coefficient on Upstreamhmt and Downstreamhmt ,
the results vary. According to the regression results, the coefficients on
Upstreamhmt are negative and significant in all of the three industries.
The coefficient on Upstreamhmt implies that the appearance of HMT
investment in the downstream sector decreases the productivity of the
domestic forest products firms. This result is contrary to the finding by
Lin et al. (2009). He found that there were positive forward spillovers of
HMT investment to the whole manufacturing industry in China. At the
same time, the result of the current study’s forward effect is similar to
that of Jin et al. (2017), where they found that there were significant
negative forward effects of HMT foreign investment on food firms. Our
results reveal that the capital from the HMT regions generates a dif-
ferent vertical impact on the Chinese forest products industry compared
with the other individual manufacturing industries, or the manu-
facturing industries as a whole. The FDI from HMT regions is partly
driven by the preferential exchange rate policy. Moreover, some of the
capital invested by HMT regions comes from mainland China. This form
of FDI will not have a significant effect on the productivity of upstream
firms.

The findings of this study show that the positive backward effect of
HMT investment is quite different from the negative forward effect of
HMT investment. There may be several explanations for this. One
possible reason lies in the stronger market power possessed by firms
with an HMT investment share in the downstream and upstream sec-
tors. If so, HMT firms in the downstream sectors may have more bar-
gaining power with the domestic forest products firms and thereby
reduce the suppliers’ productivity by lowering the price of intermediate
products, whereas HMT-invested firms in upstream sectors may in-
crease the productivity of the forest products firms by providing higher-
quality intermediate input products for the forest products firms.

5. Conclusions and implications

With FDI flowing into developing economies, domestic forest pro-
ducts firms in the host countries not only potentially benefit from
technological spillovers, but also potentially suffer from foreign com-
petitors, suppliers, or buyers in the domestic market. Since China hasTa
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implemented preferential FDI policies for more than 20 years, the ex-
periences of China may have important implications for other devel-
oping countries (Huang et al., 2010).

We systematically investigated the productivity effects of FDI on the
Chinese forest products industry using firm-level data from 1999 to
2007. The approach applied to calculate the firms’ TFP was published
by Olley and Pakes in 1996. The impact of FDI on productivity in the
forest products industry was measured from the firm level, industry
level, and the vertical effect level. The results show that FDI at various
levels or originating from different sources affects the Chinese forest
products sector in significantly different ways. Although one of the
initial purposes of China’s policy to encourage FDI was to enhance the
productivity of domestic firms, our results show that, under some cir-
cumstances, FDI may harm the productivity of forest products firms.
Our empirical findings have important implications for China’s policies
related to FDI in the forest products industry. First, the policy makers
have to understand that the origin of FDI may affect the type and
magnitude of FDI spillovers. Therefore, they should be cautious when
offering FDI incentives and should pay attention to the sources and
technological levels of FDI in order to understand the potential impact
on domestic forest products firms. Second, the government should
formulate some policies to strengthen the links between foreign-funded
enterprises and domestic enterprises, since the significant positive ef-
fect of FDI on domestic firms requires the implementation of a specific
policy to maximize the linkage between foreign and domestic firms.
Third, the government should monitor the different impacts of

upstream and downstream FDI. Taking China as an example, we found
that the forward and backward effects of FDI are different. The back-
ward effects are positive while the forward effects are negative.
Therefore, from the perspective of promoting the development of the
forest products industry, we should encourage upstream industry FDI
and treat the current downstream industry with caution.

Although we explored the impact of FDI on the productivity of the
forest products industry from four aspects, we did not determine the
mechanism of the FDI’s effect on the productivity of the forest products
industry; we only compared it with the research of other scholars to
find possible ways that the mechanism may work. Although this is
beyond the scope of this present study, it provides an interesting avenue
for future research.
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Appendix A. Forest products industry classifications

As noted in the text, the industry index n refers to the 2-digit Chinese Standard Industry Classification (CSIC), and the index m refers to the 3-digit
CSIC. The variables Industry and Industry Dummy are classified at the 3-digit CSIC level (these variables are with m subscripts) for two reasons.
Firstly, a large number of firms have a wide business scope, which may include various sub-industries at the 4-digit level, although they belong to
only one specific 4-digit CSIC code. This means that the 4-digit CSIC codes of some firms are likely to have changed over time, which would lead to
measurement errors if the variables were calculated at the 4-digit level. Secondly, the Chinese industry classification standard was adjusted in 2003,
which made some 4-digit CSIC codes after 2003 different from those before 2003; however, the 3-digit CSIC codes have generally remained the same.

The reason we did not use the 3-digit CSIC industry codes to classify the backward and forward FDI variables is that the Chinese input-output
table represents the relationship among industries only at a 2-digit CSIC level. Since we regress different 2-digit industries separately, in each
regression the backward and forward variables are only time-varying, i.e., without the subscript n in Eq. (1).

Overall, there are three 2-digit forest products industries in our research: the wood products industry, the furniture manufacturing industry, and
the papermaking and paper industry. In each 2-digit industry n there are several 3-digit industries m. The specific forest products industries are
displayed in Table S1 below.

Appendix B. TFP estimation using the Olley and Pakes (1996) method

Assume a Cobb-Douglas production function:

=Yit AitMit Lit Kitm l k (B.1)

where Yit represents output, and Mit, Lit, and Kit expresses materials input, labor, and capital, respectively, for firm i in year t. Ait refers to total factor
productivity (TFP). Formula B.2 is obtained by taking logarithms on both sides of Formula B.1:

= + + + + +yit mmit llit KKit it it0 (B.2)

where the lower-case letters indicate log values. The term (β0 + ωit + Ɛit) expresses the natural logarithm of Ait, where ωit is a productivity shock to
firm i that is not observable by the econometrician but is observed by the firm, and Ɛit is a random productivity shock that cannot be observed by the
firm’s decision-makers or econometricians.

There are two problems in estimating the production functions under OLS: simultaneity bias caused by a correlation between the input factors
and the realization of the productivity shock ??????, and selection bias that arises because firms with low productivity are more likely to exit from the
market. To account for these two issues, Olley and Pakes (1996) developed a semi-parametric method that assumes that a firm’s investment demand
depends on capital (K) and the productivity shock (??) via:

=iit i it kit( , ) (B.3)

where? ????? is the natural logarithm of current investment? ?????, =Iit Kit Ki t(1 ) . 1 and? ? denotes the depreciation rate. The inverse
function of Eq. (B.3) generates:

= =it i iit kit h iit kit( , ) ( , )1 (B.4)

Substituting (B.4) into (B.2) yields
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= + + +yit mmit llit iit kit it( , ) (B.5)

where = + +iit kit kkit h iit kit( , ) 0 ( , )
Therefore, the simultaneity problem is eliminated. In the first step, we estimate the parameters m and 1. Since the functional form of? ?(∙) is

unknown, we use a kernel estimator to estimate the function. In the second step, we estimate k by estimating the firms’ survival probabilities to
overcome the selection bias using a probit regression. Finally, we estimate

= + + +yit mmit llit kkit g t kki t Pi t it itˆ ˆ ( ˆ 1 , 1, , 1) (B.6)

where mˆ and lˆ are coefficients estimated in the first step. The function g(∙) is also unknown and is approximated using a kernel estimator. In the
last step, the productivity is calculated via: =nA y mit lit kitit it m i k

We used a depreciation rate of 15 percent following Amiti and Konings (2007) and Yu (2015). Furthermore, since we could not distinguish
between firms exiting from the market and firms leaving the dataset because their revenue was below￥5 million (about $0.63 million), we classified
both situations as an exit. The estimated elasticities of the three input variables using the Olley-Pakes method are shown in Table S2.
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