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Article History: Abstract. Export product diversification (EPD) mitigates a country’s vulnerability to global 
trade shocks, contributes to its high-quality economic progress, and increases its resilience. 
Natural resource endowment (NRE) is considered as one of the important determinants of 
EPD that is less explored by scholars. The contribution of NRE to EPD will remain a matter 
of debate in China. The paper aims to identify the drivers of the diversification of export 
products in China using the province level data from 2011 to 2019. It considers key determi-
nants including foreign direct investment (FDI), human capital (HC), technological innovation 
(TI), and trade openness (TO). The results of the Fixed Effect-Driscoll-Kraay standard errors  
(FE-DKSE) indicate a positive and significant relationship between NRE and EPD. This suggests 
that a rise in NRE within a country promotes EPD. Furthermore, FDI, TO, TI, and HC have statis-
tically significant positive links with EPD. Moreover, the findings of our research are consistent 
across all regions. The robustness analysis provides evidence that our findings are both sig-
nificant and robust. The empirical findings indicate that the included variables are fundamen-
tal determinants of EPD, which provides policymakers with crucial policy implications. To en-
courage EPD, the government should implement policies that stimulate these determinants.
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1. Introduction

China’s economic structural transformation process started in 1978 with the reforms intro-
duced under the leadership of Deng Xiaoping and continued with China’s transition from a 
closed socialist economy to an open market economy (Brandt & Rawski, 2008). This econom-
ic structural transformation has been characterized by a transition from an agrarian-based 
economy to a manufacturing and services driven economy. This transformation has been 
propelled by various policies aimed at enhancing productivity and economic resilience, in-
cluding investment in technology and innovation (Fahad et al., 2023; Zhu, 2012). In a bit to 
accelerate growth in manufacturing and services, and create new job opportunities and pro-
mote economic diversification the government focused on industrialization and urbanization 
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(Fahad et al., 2023). The transition toward innovative manufacturing activities resulted to a 
greater complexity in China’s export structure. This diversification has been corroborated by 
the growth in exports of electronics, machinery, and high-tech products, as opposed to the 
previously dominant low-value commodities (Saenko, 2023). By diversifying its export bas-
ket, China has successfully mitigated its vulnerability to external shocks and unstable global 
demand, thus improving its resilience (Guliyev & Azizov, 2022). Recognizing factors that in-
fluence export diversification in China can contribute significantly to the advancement of its 
high-quality economic progress. Export diversification positively influences economic growth 
through various channels, including the enhancement of productivity through knowledge 
transfer (Can et al., 2024; Gözgör & Can, 2017), and improved productive and technological 
capabilities (Vergara, 2021). New economic growth models suggest that advanced innovations 
contributes to new export products (Feenstra & Kee, 2004). EPD occurs when there is a rise 
in the existing (traditional) exported products to existing markets (growth of intensive mar-
gin of the exports), or a rise in the quantity of exports to novel markets, or the introduction 
of a range of new products (extensive margin) (Shi et al., 2023). A more diversified export 
structure promotes the creation of new industries and expands existing ones due to more 
opportunities for advanced production. This phenomenon is particularly evident when an 
organization diversifies its export portfolio by incorporating new exports (Dou et al., 2023). 
EPD decreases the volatility of export revenue and the dependency on limited products (Li 
et al., 2021; Melitz, 2003). Thus, EPD would have a significant impact on China’s development.

Regarding the drivers of EDP, natural resources (NR) form an important material base for 
a country’s development and contribute significantly to national wealth and development. For 
instance, the UK’s iron and coal resource endowment was the motivation behind the industrial 
revolution (Sun et al., 2019). NRE has also helped the United States, Germany, and Canada 
to achieve rapid, stable, and long-term economic growth. However, since the 1980s, many 
countries endowed with NR have faced more development challenges than those with fewer 
resources. Resources-poor countries like Japan, South Korea, Hong Kong, and Singapore have 
significantly higher per capita income than resource-rich (Sun et al., 2018). The effect of NRE 
on diversification is determined by the nature of the resource; however, properly managed 
resources can be beneficial in terms of capital formation and growth (Alemu, 2016). Therefore, 
governments must put in place policies that encourage the proper use of NR, and allocate 
additional NRE to EPD (Charles et al., 2018). As there are alternative uses for natural resources, 
China should use NRE to produce a variety of export products, which will increase export 
revenues, allowing it to achieve both the EPD and economic development goals more quickly. 

FDI is not only a major driver of product diversification, but it also improves workers’ 
skills (Fosu, 2021). It plays a significant role in a country’s economic development, as it in-
creases domestic saving, transfers advanced technologies, facilitates integration into global 
value chains, promotes growth and job creation, and creates more efficient local firms. FDI 
influences the EPD through (directly and indirectly) channels. FDI inflows stimulate domestic 
investment and technology diffusion, and bolster productivity in the host country (Golo, 
2023). Whereas horizontal FDI which primarily focuses on local markets in host countries is 
the most prevalent, vertical FDI, which aims to reduce global costs through efficiency-oriented 
investments, is still on the rise. According to Gulguu (2022), the extent to which this type of 



Technological and Economic Development of Economy, 2025, 31(2), 597–618 599

FDI impacts EPD depends on whether the foreign-owned plant produces a range of products 
that are similar to or distinct from those of other exporting firms in the host nation. FDI has 
the potential to diversify the host country’s exports, either directly or indirectly. The direct 
influence requires expanding into the non-traditional export sectors. The indirect influence 
comes from increasing conventional exports, which have the smallest market share (spillover 
effects). Notwithstanding, the impact of FDI on EPD is uncertain (Khan et al., 2021). 

Besides NRE and FDI, greater trade openness (TO) which contributes to market expansion 
is also an important driver of EPD (Dennis & Shepherd, 2011). More imports of products, 
technologies, and innovations are associated with TO; as a result, the technology and knowl-
edge contained in these goods generate positive spillovers to the host economy (Baldwin 
et al., 2005). This can boost investment in new products, thereby promoting EPD. Imports 
of new products may encourage the export of goods and contribute to the growth of new 
domestic varieties (Bas & Strauss-Kahn, 2015). Amighini and Sanfilippo (2014) have also vali-
dated the influence of imports of products on export upgrading that affects EPD. According 
to Agosin et al. (2012), trade reforms increase export concentration or specialization through 
increasing the profitability of the traditional commodities sectors of countries that rely on 
the exports of primary products. Melitz (2003) opines that openness to trade can promote 
EPD by increasing exporters in sectors associated with greater export opportunities. Export 
diversification may be adversely affected in those economies where trade reforms increase 
the profitability of traditional sectors (Agosin et al., 2012). These ambiguous influence of 
openness to trade on EPD have led researchers to conclude that this matter remains an em-
pirical question (Osakwe et al., 2018). 

Human capital that has improved significantly in the last decade (Haini, 2021) is another 
determining factor of EPD. The level of HC in many countries in 2018 was up by more than 
30% compared to 1990 (Zhang et al., 2023a). Onifade et al. (2021) defined HC (education 
returns and average year of schooling) as the knowledge and skills required to increase pro-
ductivity. HC has a multifarious influence on production (Wang et al., 2023). The accumulation 
of HC positively contributes to the diversification of exports, which corroborates the idea 
that HC accumulation allows nations to shift focus from primary commodities to manufac-
tured goods. A greater availability of HC and a lower relative cost of inputs allow industries 
to employ the HC for R&D and adapt to existing products and technologies, promoting 
EPD (Agosin et al., 2012). Moreover, high-level HC contributes to the production assorted 
products, broadens the products range, and accelerates the process of product diversifica-
tion. EPD has the potential to reduce the country’s exposure to global trade shocks, thereby 
diminishing macroeconomic instability and fostering growth. HC plays the most significant 
role in increasing EPD (Golo, 2023).

Another significant contributing factor to EPD is technological innovation (TI). Innovation 
in the manufacturing process increases the value-added of the final products, thereby con-
tributing to greater GDP (Espoir, 2020). The acceleration of export diversification innovation 
facilitates the production of new products intended for the global market. An increasing 
number of exporting companies have prioritized the introduction of novel products for export 
purposes (Cirera et al., 2015). The development of an industry’s capacity for innovation is the 
primary motivator for the industry to engage in export diversification activities. Moreover, 
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technological capabilities and productive matter (Vergara, 2021). The conventional strands of 
research have underlined them as key determinants of export and development. Economies 
with more productive capacities have more exporters, which tend to be large in size and set 
exorbitant prices for their goods. Vergara (2021) found that even after controlling for devel-
opment level, size of economy, commodity-dependence, there is a positive association be-
tween diversification and technological potentials. Technological capabilities play a significant 
role in high-tech industries, like electrical machinery, pharmaceuticals and equipment, and 
electronics. In these sectors, country exporters with high R&D investments are more diversi-
fied in term of the destination markets. So, technological and more productive capabilities 
are significantly associated to the intensive and extensive margin of exports. 

This study focuses on China, a country with a population of 1.4 billion that contributed 
about 30% to global economic growth in the eight years preceding 2019 (World Bank, n.d.). 
China has implemented market-based economic reforms since 1978, signaling a significant 
shift from a planned to a market economy. China has maintained an average annual growth 
rate of 10% between 1978 to 2007. However, since the global financial crisis of 2007–2008, 
China’s growth rate has declined to 6.6% till 2018, and it is anticipated to decline to 5.5% 
by 2024 (Morrison, 2019). China’s slowing growth rate is linked to a drop in investment, less 
technological innovation, and trade tensions with the US. In order to address these chal-
lenges, the Chinese government is upgrading the manufacturing sector through the “Made 
in China 2025” initiative (World Bank, n.d.), which places more emphasis on technological 
innovation. It is therefore crucial to determine the effect of NRE, HC, TI, FDI, and TO on EPD, 
as the primary EPD factors in China. 

This paper contributes to the existing literature on China in several ways. Firstly, it ex-
amines the influence of NRE, FDI, TO, TI, and HC on EPD using provincial data spanning 
2011–2019. NRE is important determinant of EPD (Akwasi et al., 2023; Giri et al., 2019), and 
existing research have ignored this impact especially in the case of China. Sun et al. (2018) 
explored the link between NRE, HC accumulation, and public education per capita investment 
in China. The study by Ur Rehman et al. (2021) investigated the impact of enhanced trade 
infrastructure on the sophistication and diversification of Chinese exports. As far we know 
no study has investigated the impact of these determinants on EPD at least in case of China. 
Second, our study uses a more comprehensive NRE metric by converting kerosene, fuel oil, 
diesel, petrol, coke, coal and natural gas into British thermal units (BTU). Third, our study 
measures EPD using the increase in export variety represented by exports sales income of 
new products1, which is a better proxy (Agosin et al., 2012; Ferreira & Harrison, 2012). Two 
Studies by Shi et al. (2023) and Dou et al. (2023) on China explored the impact of EPD on en-
vironmental pollution rather than drivers of EPD. Further, our study used disaggregated level 
data (i.e., Chinese provinces) as compared to the existing studies explored the drivers of EPD 
on aggregated level (i.e., country level) data (Ali, 2017; Swathi & Sridharan, 2022; Vasilyeva 
et al., 2023; Zhang et al., 2023b) which do not depict the true picture. Fourth, we investigate 

1 “The industries’ reference period sales incomes of novel product. Novel products are those designed and manufactured 
with advanced technologies and designs, or have been upgraded in terms of structure, material, process, or other 
features to enhance performance or upgrade their functions. Novel product s are those that have been approved by 
government establishments during their validity period and those that have been developed by enterprises without 
government approval within one year of their production”, National Bureau of Statistics of China (n.d.).
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the effects of NRE, FDI, TO, TI, and HC on EPD in the eastern, central, and western regions 
of China. Natural resource distribution in China is extremely unequal, with resource-rich re-
gions clearly distinguishable from impoverished areas. The eastern region has fewer natural 
resources than the western and central regions. Nonetheless, the regional growth disparities 
are gradually widening (Wang & Li, 2019). Therefore, it is essential to investigate the regional 
effects of these determinants on EPD.

The subsequent sections of this study are organized as follows: Section 2 provides an 
overview of empirical literature. The data and empirical model are illustrated in Section 3. 
Section 4 provides a description of the results, and the concluded is presented in Section 5.

2. Literature review and theoretical framework 

Numerous researches that have explored the impact of EPD on CO2 emissions, SO2 emission, 
energy consumption and economic growth (Can et al., 2024; Dou et al., 2023; Shi et al., 2023). 
However, none has explored the drivers of EPD particularly in China. Hence, this paper closes 
this gap in the literature.

2.1. Export product diversification 

The EPD process normally commence after the agricultural phase during which countries tend 
to produce different products. The export product diversification process persists until income 
levels reached $ 22,500 (Cadot et al., 2011). After this, countries enters the re-concentration 
phase, during which they concentrate in the manufacturing of sophisticated products on the 
basis of their technological know-how (Can & Doğan, 2020). As emphasized by researchers, 
most emerging economies have embraced the export-led growth strategies, specializing in 
specific product cluster (De Piñeres & Ferrantino, 1997). This has resulted in the reduction of 
the export baskets of these developing countries. Additional, the specialization was challeng-
ing for the developing economies as economic variations in the global economy disrupted 
the global chain (Can & Kösekahyaoğlu, 2016). These obstacles significantly impacted de-
veloping economies, resulting in significant revenue losses from exports. Additionally, these 
economies were unable to abandon energy-intensive commodities in their baskets, as their 
export baskets already had limited amount of commodities. Consequently, this exerted a 
substantial negative impact on the growth of these economies. This perspective posits that in-
creasing the variety of export products can result in a more consistent flow of export revenues 
which can substantially contribute to the expansion of an economy (Gozgor & Can, 2016b).

EPD can be achieved through two ways: augmenting the number of products in the export 
basket and increasing the actual quantity of products in the basket (Wilhelms, 1967). EPD is 
very important, particularly for the less-developed countries as it promotes economic growth 
(Klinger & Lederman, 2004). By transitioning from low-quality to high-quality goods, EPD pro-
tects less-developed nations from some remote trade-risks and offers valuable advantages. 
For instance, EPD protects economies from adverse events, such as international currency 
crises, and epidemics (Samen, 2010). Additionally, EPD reduces reliance on a limited number 
of product types and facilitates the acquisition of knowledge through diversification, which 
is then used to advance other economic industries (Can et al., 2024; Gozgor & Can, 2016a).
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2.2. Natural resource endowment and export product diversification 

Exploring the impact of natural resources, FDI, value added, and TO on export diversification 
in the CEMAC region, Dobdinga (2015) demonstrated that natural resources have a negative 
influence on export diversification, while TO, FDI, and value added of the manufacturing sec-
tor contributed to export diversification. Additionally, Sachs and Warner (2001) found an in-
verse relationship between NRE and economic growth. Investigates the relationship between 
urban development and the natural resource utilisation efficiency index (NRUEI) in 165 cities 
across China, Liu et al. (2023) found that NRE is associated with higher urban development. 
Investigating the relationship between NRE and economic development in Azerbaijan, Hami-
dova (2021) concluded that NRE has little impact on economic growth. Qiang and Jian (2020) 
used data from Chinese provinces from 2005 to 2018, to investigate relationship between 
NRE, institutional quality, and economic growth. The findings supported the hypothesis of 
resource curse at provincial level. Investigating the influence of NRE on ecological efficiency 
(EE) in China from 2006 to 2018, Wang and Chen (2020) found that NRE decreases EE and 
increases volatility. Su and Tan (2023) investigated the influence of NRE on energy transition 
in China from 2007 to 2020 and found that NRE dominated the country’s energy transition. 

H1: NRE has a positive relationship with EPD.

2.3. Foreign direct investment and export product diversification

Policymakers and organizations in many economies have endeavored to increase foreign 
capital inflows in order to capitalize on FDI and expand their export sectors. Previous studies 
by Klinger and Lederman (2006), and Rodrik (2006) have emphasized the crucial role of FDI 
in the development of innovative manufacturing processes and the exportation of techno-
logical content associated with the products. According to the study’s findings, countries 
that attract more FDI have faster economic growth and higher export volumes. Crespo and 
Fontoura (2007) provided evidence that FDI has a spillover effect that improves a country’s 
export performance. FDI promotes export diversification by accelerating technology transfer 
and increasing production capacity (Iwamoto & Nabeshima, 2012). Tadesse and Shukralla 
(2013) used the data on FDI stocks and country products exported for 131 economies for the 
period 1984–2004 to explore the FDI impact on export diversification (horizontal). The find-
ings support the hypothesis that FDI increases export diversification. However, Vakataki‘Ofa 
et al. (2016) demonstrated that FDI has a lesser effect on EPD due to its limited penetration 
into specific industries and its restricted connections to other sectors of the economy. In 
their study of the determinants of EPD, Giri et al. (2019) concurred that human capital and 
FDI were the most important factors. They commended that in order to enhance export 
diversification, policymakers should prioritize the development of human capital and trade 
barriers reduction.

H2: FDI has a positive relationship with EPD.

2.4. Technological innovation and export product diversification

TI that influence export diversification enables exporters to gain competitive advantage. Ex-
porters can enhance innovation and knowledge domain via investment in the R&D (Vergara, 
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2021). Innovation helps exporters to enter new markets as new products are produced. Pro-
ducing new products allows exporters to gain differentiation advantages as the new products 
enter the export basket (Lian et al., 2021). Employing the GMM approach, Madonna and 
Handoyo (2023) explored the impact of TI, HC, and logistic performance on the export diver-
sification in manufacturing sectors of Indonesia. The study found the factors to be positively 
relation with EPD. Shi et al. (2023) and Dou et al. (2023) examined EPD, TI, economic growth, 
energy consumption, and urbanization impact on CO2 and SO2 emissions in China. Sharma 
et al. (2021) explored the relationship between EPD and TI in BRICS. 

H3: TI has a positive relationship with EPD.

2.5. Trade openness and export product diversification

Greater specialization has been associated with trade openness. In addition, Dennis and 
Shepherd (2011) demonstrated that trade promotes export diversification in less developed 
economies. According to existing research, tax reform involving a lower proportion of trade 
tax revenue and a higher proportion of domestic tax revenue in the public revenue structure 
(more TO) would reduce production distortions and promote efficient resource allocation in 
production sectors. This may foster the specialization in sectors where a country has a com-
parative advantage, thus stimulating EPD (Singer, 1950). The impact of TO on EPD is, in fact, 
ambiguous from a theoretical standpoint (Cadot et al., 2013). Whereas, modern international 
trade models have showed that TO stimulates EPD, traditional models have recommended 
that TO stimulate export product specialization or concentration through the factors realloca-
tion efficiency (Dessy et al., 2010). However, the theoretical impacts of TO on EPD is ambigu-
ous, which has led researchers to conclude that this problem requires empirical investigation. 
Gnangnon (2019) examined the effect of multilateral trade openness on EPD for 97 countries 
using data from 1996 to 2016. The study revealed a positive link between TO and EPD.

H4: TO has a positive relationship with EPD.

2.6. Human capital and export product diversification 

Extensive studies have been conducted on the relationship between human capital (HC) and 
economic development; however, its scope has been confined to the association between HC 
and export diversification. It is widely acknowledged that human capital impacts a country’s 
comparative advantage as it facilitates the implementation of new technologies and narrows 
the technology gap. The human capital of East Asian economies has been identified as a 
defining factor in closing the technology gap (Lall, 1992). Larger human capital stock favors 
investment in new products (Nelson & Phelps, 1966). Similarly, the endogenous growth the-
ory has proven that variations in a country’s human capital lead to disparities in its capacity 
to innovate, adopt and integrate cutting-edge technologies, which contribute to economic 
growth and development. Elhiraika and Mbate (2014) investigated the determinants of EPD 
using data from 53 African nations spanning 1995 to 2011. The results showed that human 
capital, institutional framework, public investment, and income per capita were the most 
significant long-term determinants of EPD. 

H5: HC has a positive relationship with EPD.
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The schema of the hypothesis and mechanism of the major influencing factors of EPD, 
based on the above literature review, is shown in Figure 1 above.

3. Data and model 

This paper uses province-level data of China from 2011 to 2019, to empirically examine the 
impact of NRE, FDI, TO, HC, TI on EPD. This research on the basis of National Bureau of Sta-
tistics of China (n.d.), divides China into three regions namely: Eastern, Central, and Western 
(National Bureau of Statistics of China, n.d.). The existing works have employed panel data 
of 31 provinces of China, dividing China into the eastern, central and western regions (Kang 
et al., 2016; Sun et al., 2018, 2019; Zhang & Crooks, 2012; Zhong et al., 2021). As suggested 
by Shi et al. (2023) and Dou et al. (2023), the logarithm of sales revenue in tens of thousands 
of yuan from the export of new products by industrial enterprises is used as a proxy for EPD. 
The independent variable is natural resource endowment (NRE) which is the aggregation of 
natural gas consumption (100 million cubic meters), kerosene, gasoline, fuel oil, diesel, crude 
oil, coke, coal consumption in 10,000 tons, converted into BTU as suggested by Wang and 
Chen (2020), Visas et al. (2021).

 
1 2 3*

NRE ,
coal oil naturegas
coal oil naturegas

  + +
=

+ +

ω1, ω2, and ω3 represent standard conversion references for raw coal, crude oil, and natural 
gas, respectively (the reserves of coal, oil, and natural gas are denoted by the standard coal 
conversion values of 0.7143, 1.4286, and 1.33, as reported in China Energy Statistical Year-
book 2013 (National Bureau of Statistics Division of Energy, 2013). Following Ul-Haq et al. 
(2023), the logarithm of FDI inflows (USD 100 million) by province is utilized as a proxy for 
FDI. Following Hye and Lau (2015) trade openness (TO) is calculated as the ratio of regional 
trade to regional GDP. Following Shi et al. (2022) technological innovation (TI) is calculated 

Figure 1. Flow chart of the model



Technological and Economic Development of Economy, 2025, 31(2), 597–618 605

as the log of the total patent applications filed by domestic people. Following Golo (2023) 
human capital (HC) is taken as the log of the number of undergraduate students enrolled in 
general institutions of higher learning (10,000 people). The data utilized in this study is taken 
from National Bureau of Statistics of China (n.d.). The sample period is selected based on data 
availability2. The descriptive statistics for the study variables are given in Table 1.

Table 1. Descriptive statistics 

N Average S.D Max. Min.

EPD 270 14.399 2.3503 3.4 18.5901
NRE 270 4.4878 3.0734 0.5424 15.8026
FDI 270 3.5939 1.6721 –1.8131 5.8794
TI 270 9.6625 1.4989 5.3181 13.6019
TO 270 0.2791 0.2968 0.0128 1.4638
HC 270 6.0953 0.7713 4.1041 7.6327

Region-specific market disparities are conceivable due to the size of China’s economy. As 
a result, we expect to observe the impact of these critical determinants on regional EPD; the 
panel model for this is as follows:

 0 1 2 3 4 5    .jt jt jt jt jt jt jtEPD NRE FDI TO HC TI= + + + ++ +a b b b b b e  (1)

EPD represents export product diversification in province j (i.e., 31 provinces) at time t 
(i.e., 2011–2019) in the above model. FDI, TO, HC, and TI are all abbreviations. α0 represents 
the intercept, while β1–β5 denote the respective coefficients of NRE, FDI, TO, HC, and TI. ε is 
the noise which meets the normality assumptions. We use the cross-section dependence (CD) 
test to identify instances of cross-sectional dependence, which renders estimates unreliable 
(Zhao et al., 2020). The provincial panel model is as follows:

 ,        1, ,  and  1, .it i it ity X i N t T′= + + = … = …a b m   (2)

Xit and β are (K*1) vector of independent variables and coefficients to be calculated. Time 
invariant disturbance parameters is shown as αi at individual level. Uit is identically distributed 
(i.i.d.) and independent across time and the cross-sectional units is assumed by null hypoth-
esis. Considering the alternative hypothesis, Uit may be linked to cross-sections, but there is 
no serial correlation in the assumption. The hypothesis:

( ) ( )0 , 1 ,:  0 for    against   :  0 for    is tested ,ij ji it jt ij ji it jtH cor i j H cor i j= = = ≠ = = ≠ ≠r r m m r r m m  

 ij ji=r r is disturbances correlation coefficient calculated as: 

 

1

2 2
1 1

  .

T
it jtt

ij ji
T T

it jtt t

=

= =

= =
∑

∑ ∑

m m
r r

m m

 (3)

2 Data is for core variables of NRE & EPD is only available till 2019 on the National Bureau of Statistics of China (n.d.).
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The Breusch and Pagan (1980) (BPLM) test and Pesaran (2004) test are employed to 
investigate CD among the residual. Considering OLS approach, the BPLM test is conducted, 
which is appropriate when N and T are fixed and greater. Specifications for the LM test are 
as follows:

  

2

  1 1

     ,ˆ
N N

BP it
i j i

LM T
= = +

= ∑∑r   (4) 

ˆ itr denotes the model estimates of the cross sectional pairwise correlation of residuals, T is 
time, and i is the entity. N revealed provinces. ˆ itr  is computed as: 

 

 

  1

2 2
1 1

ˆ ˆ
ˆ ,

 
T

it jtt
ij T T

it jtt t

=

= =

=
∑

∑ ∑

m m
r

m m

  (5)

ˆ itm is assessment of uit and LM is more likely distributed as c2 by degree of freedom N (N–1) 
under null hypothesis. Though, significant size distortions are considered where the case 
of N large and T finite for this assessment (Hye et al., 2023). Pesaran (2004) suggested the 
alternative as follow: 

 

1

1 1

2 ,
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no cross-sectional dependence CD→N (0,1) under a null hypothesis, as N goes toward infinity 
and sufficiently large T. This study uses both the BPLM and Pesaran tests to capture the pure 
estimates. On the other side, the occurrence of serial correlation also possible which may 
cause to yield inconsistent results. Thus, Wooldridge (2010) test is apply to verify the existence 
of serial correlation. It is demonstrated as:

 { }1 2 , 1,2, , .it it i i it iy X Z i t T= + + + + ∈ ∈ …a b b m e
 

 (7)

In this Equation, y, x, and z are the regress and, regressor, and controls variables. While, 
t and i for time and province respectively. The model parameters α, β and µ and e represent 
error terms of the distinct variables and as a whole model. In addition, if µi is in link of related 
variable it will gives parametric inefficient estimates. However, to control this issue the better 
is the Wooldridge test as compared to others and presented in the following equation. It 
consider the model first difference to control this issue (Drukker, 2003).

 ( )1 1 1 1,  it it it it it ity y X X− − −− = − + −b e e

                                      1 . it it ity X= +D D b De  (8)

Additional, considering the problematic issue of heteroscedasticity, the assumption about 
this is that linear regression must have the variance constant as demonstrate in mathemati-
cal term (ei)= ϭ^2 whereas ei and ϭ^2 are error term and constant. If the assumption is not 
fulfilled become the cause of heteroscedasticity. Thus, modified Wald test is used to check 
heteroscedasticity and written as: 
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Where variance indicate with ϭi, cross-sectional units with N, and time represent with t.
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Considering the problem of CD, heteroscedasticity, and serial correlation this paper uses 
the heterogeneous coefficient estimator of DKSE to present trustworthy estimates. This meth-
od not only generates the consistently predicted values for the sample averages but also 
consider significant amount of the variability. Additional, DKSE method is to the common 
errors as well as resilient to the CD (Asane-Otoo, 2015). The DKSE technique gives standard 
errors that are robust to cross-sectional and temporal dependence as opposed to the fixed 
effect method, which overlook the presence of CD even when grouping the standard errors 
(Jochmans & Verardi, 2020). 

4. Results and discussion

4.1. Overall analysis

Table 2 contains the diagnostic results, including Wooldridge, Modified Wald, BPLM, and Pe-
saran. The findings of the Wooldridge test are presented in column (1), while the estimates 
from the BPLM and Pesaran tests are listed in column (3). The findings indicate the presence 
of serial correlation, heteroscedasticity, and CD.

Table 2. Diagnostics tests

Wooldridge test Modified Wald test Breusch-Pagan LM test

154.952*** 8195.83*** 673.650***

Pesaran (2004) test 

EPD 17.64***
NRE 11.56***
FDI 2.76***
TO 21.62***
HC 34.88***
TI 57.16***

The relationship between NRE and EPD is presented in column (1) of Table 3. The standard 
error associated with the coefficient of NRE is in parentheses. The coefficient on NRE shows 
that NRE favors EPD and this association is significant at the 1% level. A 1% increase in NRE 
increases EPD by 0.31%. In contrast to Niass (2022), the findings of this research are consis-
tent with those of Gamariel et al. (2022) and Alemu (2016). Moreover, the studies of Jiang 
and Gao (2023); Alaya (2012) specified that NRE positively influences export diversification. 
Gamariel et al. (2022) found that NRE increases export concentration in NRE countries, which 
is a positive indicator for export diversification in NRE countries. According to Osakwe et al. 
(2018), export diversification is hindered in countries with high reliance on natural resources. 
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Conversely, Lederman and Maloney (2006) argued that countries endowed with abundant 
natural resources tend to exhibit greater exports concentrations. The study suggests that, if 
the NRE is efficiently managed in diversifying export products, China will achieve its target of 
EPD while also stimulating economic development. Thus, the government should emphasis 
on the use of NRE to improve EPD.

Table 3. Impact of NRE, FDI, TI, TO, HC on EPD in China 

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

NRE 0.313***
(0.0303)

FDI 1.075***
(0.0412)

TI 1.203***
(0.0818)

TO 3.974***
(0.396)

HC 2.419***
(0.0425)

Constant 13.03***
(0.214)

10.56***
(0.290)

2.806***
(0.708)

13.33***
(0.108)

–0.322
(0.252)

N 269 269 269 269 269

Note: EPD is regressand. Robust standard errors (S.E) are given in the parentheses. ***show significance 
at 1%, **reveal at 5%, and *** denote 10%.

The estimate of FDI in column (2) illustrate a positive relationship with EPD. Thus, FDI and 
EPD have a significant and direct relationship. For every 1% increase in FDI, the diversification 
of exported products increases by 1.075%. Our empirical findings are consistent with that of 
Fosu (2021), which suggested that FDI has a significant positive effect on EPD, and in contrast 
to that of Arawomo et al. (2014). The study by Gamariel et al. (2022) found that FDI positively 
affects export diversification, indicating that FDI has a significant impact on the composition 
of export baskets in the host economies. Moreover, credible institutions, production sector 
diversification, and macroeconomic stability are all essential for EPD. Enhancing infrastructure 
accessibility and providing fiscal incentives to foreign investors strengthen the impact of FDI 
on export diversification. Therefore, FDI is fundamental in accelerating the process of diversi-
fication (Gulguu, 2022). The FDI inflows also matters for EPD as foreign firms fill technological 
and investment gaps by providing the recipient economy with technology. Local firms also 
have the opportunity to learn from foreign enterprises, either by doing or watching. Thus, ef-
ficient FDI inflow methods should be top priority for policymakers in order to boost the EPD.

The impact of TI on EPD is positive and statistically significant, as indicated in column (3). 
A 1% increase in TI leads to a 1.203% increase in EPD. Consistent with the recommendation of 
Bayraktutan and Bıdırdı (2018), our findings support the notion that the exportation of high-
technology products requires advanced technology or innovation. Furthermore, the findings 
of our research are in line with Lian et al. (2021); Bottega and Romero (2021), who found a 
positive effect of TI on EPD. Moreover, the manufacturing industry with innovation have expe-



Technological and Economic Development of Economy, 2025, 31(2), 597–618 609

rienced a direct influence on EPD (Emodi et al., 2017). TI has a robust correlation with success 
on the global market (Duspara et al., 2017); an assertion that supports this study’s results. 
In a bid to pursue growth in foreign markets and competitive advantage, the government 
should adopt policies that highlight the significance of investing in a technological innovation 
strategy. Thus, this study has significant implications for the effective development of public 
policy instruments that are intended to encourage firm innovation in developing countries. 

The coefficient of TO presented in column (4) is positive and significant. This finding in-
dicates that TO significantly promote EPD. The results indicate that when a country is more 
receptive to international trade, it becomes more feasible to expand its product portfolio. 
Our findings align with those of Agosin et al. (2012), which indicated that trade openness 
positively impacts EPD. Makhlouf et al. (2015) also found that trade openness has a positive 
impact on export diversification. TO favors the import of cutting-edge technology, allowing 
for the production of technologically advanced and energy-efficient products, thereby im-
proving EPD. It is therefore recommended that China prioritize the above determinants for 
its EPD process. 

There is a positive and significant relationship between HC and EPD. Thus, an improve-
ment in HC favors EPD. Our study finds that a 1% increase in HC increases EPD by 2.419%. 
Our findings are consistent with those of Lian et al. (2021); Gnangnon (2021), who concluded 
that HC is the most important factor influencing EPD. More trained and educated workers 
will be able to produce a wider range of products, promoting EPD. Blanchard and Olney 
(2017) showed that the variety of manufacturing products exported is directly related to 
higher education, and Lian et al. (2021) demonstrated that a labour force with a higher level 
of education and trained workforce can promote diversification. Furthermore, the long-term 
use of resources to produce products is impossible without the use of HC (Zafar et al., 2019). 
HC plays an important role in promoting EPD. As a result, countries seeking diversification 
must have a sufficient level of HC while also ensuring strong institutions that support EPD. 
Our findings support all of the hypothesis (i.e., H1 to H5).

4.2. Regional analysis 

As data availability, culture, similarity in geography and close proximity permits, we break Chi-
na into regions (i.e., eastern, central, and western). As indicated in Table 4 below, the eastern, 
central, and western region are comprised by the provinces of China. 

Table 5 shows the key findings of regional analysis regarding the influence of NRE, FDI, 
trade openness, human capital, and technological innovation on EPD in the different regions. 

Table 4. Chinese regions

Eastern Central Western

Sichuan, Yunnan, Gansu, 
Qinghai, Tibet’*’, Xinjiang, 
Guangxi, Shaanxi, Guizhou, Inner 
Mongolia, and Ningxia

Jilin, Heilongjiang, Jiangxi, 
Henan, Anhui, Shanxi,
Hubei, and Hunan

Jiangsu, Tianjin, Hebei, Beijing, 
Liaoning, Shanghai, Shandong, 
Zhejiang, Hainan, Guangdong, 
and Fujian

Note: *We dropped Tibet due to the unavailability of data.
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Table 5. Impact of NRE, FDI, TI, TO, HC on EPD in China and across its regions 

China Eastern Central Western

NRE 0.0669***
(0.0110)

0.0711***
(0.0149)

0.133***
(0.0357)

0.159***
(0.0350)

FDI 0.389***
(0.0419)

0.0244
(0.0486)

0.658***
(0.112)

0.140
(0.0952)

TI 0.451***
(0.0314)

0.145**
(0.0615)

0.237*
(0.112)

0.743***
(0.0989)

TO 1.135***
(0.0375)

0.951***
(0.152)

–0.940
(2.543)

7.597***
(1.377)

HC 0.743***
(0.121)

0.993*
(0.502)

0.934
(0.567)

0.233
(0.184)

Constant 3.528***
(0.449)

7.014**
(2.728)

3.295
(3.479)

3.103**
(1.105)

N 269 99 72 98

Note: EPD is regressand. Robust S.E are given in the parentheses. ***show significance at 1%, **reveal at 
5%, and *** denote 10%.

Column (1) shows the overall case and columns 2–4 indicate the eastern, central, and 
western regions respectively. The coefficient of NRE is positive and statistically significant in 
all regions and in overall China, suggesting that NRE promotes EPD in China. FDI, TI, TO, and 
HC are all key factors of EPD in the regions. EPD is perceived as the process of expanding 
the range of country’s export basket (Dennis & Shepherd, 2011) or extending production for 
domestic consumption and exports to multiple sectors (Samen, 2010). FDI has a positive and 
statistical significant influence on EPD in overall China and the center region, but insignificant 
effect in the eastern and western regions. TI is directly related to EPD and its coefficient is 
significant in all regions, suggesting that an increase in TI promotes EPD. The coefficient of 
openness to trade is positive and significant in overall China, the eastern and western regions, 
but insignificant in the central region. The link between HC and EPD is positive and significant, 
showing that HC is important for the process of EPD in China.

4.3. Robustness checks 

Table 6 shows the robustness checks results. As per our estimates, the coefficient of NRE is 
positive and statistically significant in column (1). Moreover, in column (2) after including FDI, 
the coefficient of NRE remains positive and significant. Furthermore, the inclusion of TI, TO, 
and HC yields the same results. The robustness checks therefore validate the core findings of 
all models. Thus China can promote it EPD by concentrating on these crucial factors. Table 7 
present the empirical estimates of robustness for China. 

In Table 7, columns 1–3 show robustness estimates of overall China, using the DKSE, 
FGLS, and PCSE respectively. NRE has a significant positive influence on EPD as indicated 
by its coefficient in each of the columns in 7. The robustness check results show the same 
signs and significance for FDI, TI, TO, and HC. Thus, our results are robust and significant in 
all cases. IMF and World banks have suggested EPD policies for poor economies’ sustainable 
development and for countries that have not diversified their products (Shahzad et al., 2020). 
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NRE is a necessary precondition for take-off for countries to achieve sustainable economic 
development. FDI also plays a key role in improving EPD through the transfer of technol-
ogy. Technologies and new ideas utilized by international firms are diffused to local firms via 
either horizontal or vertical spillovers. Additional, local firms tend to expand to new markets 
as they become knowledgeable about the opportunities that occur in the new markets via 
their liaison with the international firms. Consequently, local firms become efficient to export 
to the broader markets, therefore stimulating diversification. Also, FDI promotes innovation, 
development, and research in domestic markets hence facilitating the technology transfer 
which increases the labor productivity and therefore technological efficient production of 
new products (Agosin et al., 2012). 

Table 6. Impact of NRE, FDI, TI, TO, HC on EPD in China (robustness checks)

DKSE DKSE DKSE DKSE DKSE

NRE 0.313***
(0.0303)

0.121***
(0.00947)

0.0842***
(0.0115)

0.110***
(0.00609)

0.0669***
(0.0110)

FDI 0.995***
(0.0363)

0.598***
(0.0352)

0.527***
(0.0330)

0.389***
(0.0419)

TI 0.685***
(0.0543)

0.615***
(0.0403)

0.451***
(0.0314)

TO 1.147***
(0.0897)

1.135***
(0.0375)

HC 0.743***
(0.121)

Constant 13.03***
(0.214)

10.31***
(0.230)

5.270***
(0.380)

5.768***
(0.282)

3.528***
(0.449)

N 269 269 269 269 269

Note: EPD is regressand. Robust S.E are given in the parentheses. ***show significance at 1%, **reveal at 
5%, and *** denote 10%.

Table 7. Impact of NRE, FDI, TI, TO, HC on EPD in China (robustness checks)

DKSE FGLS PCSE

NRE 0.0669***
(0.0110)

0.0525***
(0.0126)

0.0669***
(0.0194)

FDI 0.389***
(0.0419)

0.373***
(0.0436)

0.389***
(0.0771)

TI 0.451***
(0.0314)

0.365***
(0.0367)

0.451***
(0.0713)

TO 1.135***
(0.0375)

1.136***
(0.124)

1.135***
(0.224)

HC 0.743***
(0.121)

1.003***
(0.108)

0.743***
(0.206)

Constant 3.528***
(0.449)

2.919***
(0.458)

3.528***
(0.960)

N 269 269 269

Note: EPD is regressand. Robust S.E are given in the parentheses. ***show significance at 1%, **reveal at 
5%, and *** denote 10%.
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5. Conclusions 

Export product diversification can play a significant role in promoting the growth of devel-
oping countries. Therefore, growing competitive market conditions have compelled many 
countries to develop export strategies. EPD is one strategy that can help countries improve 
their competitiveness in global trade. Thus, in this study, we examined the impact of NRE, 
FDI, TO, TI, and HC on EPD using the province level data of China from 2011 to 2019. For 
this purpose, we form a model and used a consistent technique such as DKSE. The empirical 
result shows that the relationship between NRE and EPD is both positive and significant. FDI, 
TO, FDI, HC, and TI are all positively associated with EPD. In sum, NRE, HC, FDI, TI, and TO 
have an essential positive contribution to EPD. The findings of the regional analysis show 
that NRE, FDI, TO, HC, and TI positively impact EPD, implying that these are important for 
promoting EPD across Chinese. The robustness analysis for overall China demonstrates that 
our estimates are reliable. The findings of our study is beneficial for Chines government as it 
offers the policy implication about crucial drivers of EPD on disaggregated level.

Based on our results, government in China should adopt strategic and long-term plans 
to enhance export product diversification. In this perspective, policies are recommended to 
enhance the export products variety. Achieving the ability to produce a diverse range of 
goods should be the main goal of emerging economies. This capability can be achieved 
through improvements in institutional quality, infrastructure, and the availability of skilled 
labor. More complex and sophisticated products are possible once an economy develops 
certain skills. Exports based on the economy’s expertise will be possible thanks to the so-
phisticated products basket. Developing economies can diversify their revenue streams and 
reduce their dependence on commodities through this process. Consequently, countries can 
move forward toward economic growth with the option to diversify.

Moreover, governments should offer a variety of export incentives, such as financing 
services and tax reliefs, to businesses that can afford to export new products. This policy 
will encourage businesses to add more commodities to the economy’s export basket. Trade 
agreements can also be effective in enhancing EPD as they facilitating trade between and 
among nations and increase the opportunities to diversify products. It is also wise to imple-
ment more export-oriented industrial strategies with the goal of exporting products to mul-
tiple trading partners. In this context, incentive-based export strategies can be implemented 
to encourage the export of products to various countries. Additionally, governments can offer 
benefits and offer international investors to enhance the product diversity in local markets.

Despite the value added by this study, the investigation is restricted to data from 2011 
to 2019, which is considered a limitation that may influence the empirical estimates. To over-
come this limitation, the current study paves the way for future research into whether NRE, 
HC, FDI, TO, and TI influence export product diversification by employing the world data and 
dividing economies on the basis of income-levels. 
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