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How and what kind of cities benefit from the
development of digital inclusive finance? Evidence from
the upgrading of export in Chinese cities
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ABSTRACT
Employing Chinese customs data and the Peking University
Digital Financial Inclusion Index of China, this paper studies the
impact of China’s digital finance development on the upgrading
of export at the city level and further explores the heterogeneity
across cities and the mechanisms through which digital finance
influences export upgrading. Benchmark results suggest that
digital inclusive finance can significantly promote the upgrading
of export. The heterogeneity analysis shows that cities with a
smaller size, lower wage, higher human capital level, and better
location advantage experience greater facilitating effects of digital
inclusive finance on promoting export upgrading. It suggests that,
compared with ‘icing on the cake’, the digital inclusive finance
plays a better role in ‘offering fuel in snowy weather’, whereas
full exertion of the inclusiveness of digital finance requires higher
human capital and location advantage. Further mechanism ana-
lysis shows that innovation effect and market effect are the main
channels where digital inclusive finance promotes the upgrading
of a city’s export.
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1. Introduction

After the outbreak of the global financial crisis in 2008, the global trade dropped dra-
matically by 12%, which pushed the attention about the impact of financial develop-
ment on export to a new height. Finance development is conducive to reducing the
transaction costs of both supply and demand sides and improving the efficiency of
capital use (Levine, 2005). Based on the model of international trade with heteroge-
neous firms, the development of a financial market can ease the financing constraints
and improve firms’ productivity, promoting the export activities of the whole econ-
omy (Chaney, 2016). However, due to the poor ability to resist risks and the lack of
business records, small and medium-sized enterprises often experience financial
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exclusion in international trade. According to the World Bank Group’s World
Development Report, by 2013, only 34% of enterprises in the world could borrow
from a formal financial system, and this proportion is only 51% in developed coun-
tries. Similarly, at the individual level, more than 2.05 billion adults in the world have
no access to formal financial services, accounting for about half of the total number
of adults in the world at that time, among which 88% come from developing coun-
tries (World Bank, 2013). These facts show that traditional finance can also restrict
the development of trade activities due to its exclusion.

However, digital finance can weaken the exclusiveness of traditional finance and
reduce the asymmetry in investment and borrowing exclusion levels in traditional
financial markets (Zhong & Jiang, 2021) to promote the transformation and upgrad-
ing of export. Taking China as an example, thanks to the rapid development of infor-
mation technology like 5G, big data, and cloud computing, China’s digital economy
(especially digital finance) has experienced rapid development in the past few years
(Zhang et al., 2019). The widespread use of mobile payment applications, such as
Alipay and WeChat payments, has improved the efficiency of capital use of individu-
als and small and medium-sized enterprises. Meanwhile, digital inclusive finance pro-
vides financial services at affordable costs for small businesses and other individuals
who could not obtain financial resources from elsewhere (Wang et al., 2020), thus
promoting the operation efficiency of the whole social and economic activities. By
matching Chinese customs data with the Peking University Digital Financial
Inclusion Index of China from 2013 to 2017, we can find that digital inclusive finance
plays a significant role in promoting export sophistication at the city level (Figure 1).
In contrast, the role of traditional finance in promoting a city’s export sophistication
is fairly limited and even gradually turns negative in recent years (Figure 2). In add-
ition, we also find that the impact of digital inclusive finance on export sophistication
shows strong city heterogeneity. To better understand these phenomena and the
causes, it is necessary to analyse the influence mechanisms of digital inclusive finance
on a city’s export upgrading.

Under the above background, this paper matches Chinese customs data with the
Peking University Digital Financial Inclusion Index of China from 2013 to 2017 at
the city level to examine the impact of digital inclusive finance on the upgrading of a
city’s export. First, this paper empirically verifies the promotion effect of digital inclu-
sive finance on upgrading a city’s export. Second, the heterogeneity analysis suggests
that digital inclusive finance can significantly promote the upgrading of export in cit-
ies with a smaller size, lower wage, higher human capital level, and better location
advantage, rather than their counterparts. The results indicate that human capital and
location advantage are necessary to bring the inclusiveness of digital inclusive finance
into full play in improving export sophistication in less developed cities. Then, mech-
anism analysis shows that innovation and market effects are important channels
through which digital inclusive finance promotes the upgrading of a city’s export.

The remainder of the paper is organised as follows: Section 2 summarises related
literature and theory. Section 3 theoretically analyses possible impacts and mecha-
nisms of digital finance on export sophistication, then comes up with hypotheses.
Section 4 constructs empirical models and quantifies all the variables. Section 5
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Figure 2. Traditional finance development and city’s export sophistication in 2013 (left) and 2017 (right).
Source: The Authors.

Figure 1. Digital Financial Inclusion Index and city’s export sophistication in 2013 (left) and 2017 (right).
Source: The Authors.
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estimates the benchmark model and reports the estimation results. Section 6 mainly
conducts heterogeneity analysis and mechanism analysis and discusses the results.
Section 7 concludes the paper.

2. Literature review

With the adjustment of international trade strategies, the focus of research on export
has shifted from export scale to export quality. Hausmann and Rodrik (2003) first
put forward the concept of sophistication to measure the technical content of a
country’s export. On this basis, Rodrik (2006) points out that the export sophistica-
tion can be regarded as the productivity of a country’s exports and develops an indi-
cator that measures the productivity level associated with a country’s export basket.
The concept and measurement of export sophistication lay a foundation for quantita-
tive research in this field, so some scholars empirically investigate the factors affecting
export sophistication. Some scholars admit the role of economic growth and eco-
nomic scale in improving export sophistication (Hausmann et al., 2007; Rodrik, 2006;
Weldemicael, 2014), while others explore the role of factor inputs and find that
human capital (Hausmann et al., 2007; H€useyni, 2019; Wang et al., 2010), knowledge
and intelligence (Odilova, 2018), foreign direct investment (Baliamoune-Lutz, 2019;
G€org & Greenaway, 2004; Harding & Javorcik, 2009; Xu & Lu, 2009), and outward
foreign direct investment (Rehman & Ding, 2020) are conducive to increasing export
sophistication. From the perspective of trade mode, some scholars have also verified
that the import of intermediate inputs (Bas & Strauss-Kahn, 2014) and processing
exports (Assche & Gangnes, 2010; Branstetter & Lardy, 2006; Schott, 2008) can
impact export sophistication. Additionally, national policy and institutional environ-
ment can also affect export sophistication, such as trade liberalisation policy (Nguyen,
2016), institutional quality (Berkowitz et al., 2006; Cabral & Veiga, 2010) and intellec-
tual property rights protection (Chen & Puttitanun, 2005).

In addition to the aforementioned factors, financial development also plays an irre-
placeable role in improving export quality. At the macro level, based on the frame-
work of the Heckscher-Ohlin-Samuelson (HOS) model, Kletzer and Bardhan (1987)
find that different countries have comparative advantages in different industries
because of various financial development levels, thus forming discrepant international
trade modes. Also based on the HOS framework, Ju and Wei (2011) conclude that
factor endowment matters for economies with a high-quality financial sector, while
the quality of the financial system is an independent source of comparative advantage
for economies with a low-quality financial sector. At the micro enterprise level, Chor
and Manova (2012), Feenstra et al. (2014), Manova (2013) and Chaney (2016) intro-
duce the financing constraints into the export theory with heterogeneous firms put
forward by Melitz (2003) to discuss export behaviour under imperfect financial mar-
ket competition. They find that the low efficiency of the financial system and the lag
of financial development significantly affect enterprises’ export behaviour.

Under the support of relevant theories, the existing research has empirically ana-
lysed the impact of financial development on trade. Hur et al. (2006) find that econo-
mies with higher levels of financial development have higher export shares and trade
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balance in industries with more intangible assets. Becker et al. (2013) argue that a
developed financial system can therefore facilitate exports, because financial develop-
ment is associated with more exports in industries in which fixed costs are high as
well as to importers that require high costs. Using matched customs and firm-level
bank credit data from Peru, Paravisini et al. (2015) find that credit shocks affect the
intensive margin of exports, and credit shortages reduce exports through raising the
variable cost of production rather than the cost of financing sunk entry investments.
Leibovici (2018) finds that financial friction reduces trade share by distorting the pro-
duction decisions of exporters relative to non-exporters and distorting the decision to
export. Susanto and Rosson (2011) point out that financial development has positive
impacts on exports and the impacts differ significantly across regions. Yu and Hu
(2015) find that improvement of financial development plays a decisive role in
upgrading both domestic and total sophistication of China’s manufactured exports.
By building an endogenous technological progress model with intermediate product
expansion, Fang et al. (2015) find that financial development can promote export
technical sophistication in China. Although most studies confirm the positive role of
financial development in exports and export sophistication, Tang (2016) finds that
higher stock market and bank development have a negative rather than positive effect
on exports.

Returning to China’s realistic context, we must recognise that China’s emerging
financial market is imperfect and incomplete with many market impediments, such
as transaction costs, taxes, and information asymmetry (Chan et al., 2007).
Additionally, traditional financial institutions tend to serve economically developed
areas and exclude the least-developed cities (Zhong & Jiang, 2021), both leading to
and exacerbating financial exclusion. But, to some extent, the imperfection and long-
term insufficient supply of traditional financial services is an important prerequisite
for the leapfrog development of digital finance, which brings increased competition
and efficiency to the traditional financial sector by mobile terminals and the internet
(Lorente & Schmukler, 2018). Furthermore, with the deep integration between inter-
net technology and finance, digital finance can help decrease information asymmetry,
reduce transaction costs, improve availability of financial services, and optimise
resource allocation in the financial market (Li et al., 2020).

Existing research on digital finance focuses on its impacts on the economy (Anand
& Chhikara, 2013; Sarma & Paris, 2011) and the traditional financial market (Berger,
2003; Lorente & Schmukler, 2018). In addition, some research indicates that big data-
based risk evaluation can help save transaction cost and decrease the degree of infor-
mation asymmetry, thus helping small- and micro-businesses secure financing
(Moenninghoff & Wieandt, 2013). Stojcic et al. (2019) point out that for countries
and regions to catch up with modern manufacturing characterised by automation and
data exchange, an important requirement is the development of the digital infrastruc-
ture. Beck et al. (2018) show significant quantitative implications of payment technol-
ogy innovation for entrepreneurial growth and macroeconomic development by
reducing financial transaction costs and alleviating the information asymmetry.
Drawing from harmonised firm-level data for 16 industrialised and emerging econo-
mies, Aghion et al. (2007) find that access to finance matters most for the entry of
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small firms and in sectors that are more dependent upon external finance. Mahdiraji
et al. (2019) find that the digital banking strategy can more effectively distinguish
customers’ needs to offer services proportionate to their manner than the traditional
banking operation mode.

Although the existing literature directly studying the impact of digital finance on
export sophistication is rare, some scholars have confirmed that the internet has posi-
tive effects on export performance (Freund & Weinhold, 2004; Lin, 2015; Mallick,
2014; Ricci & Trionfetti, 2012). Information and communication technology (ICT) is
an innovation responsible for the upswing of the world economy and the start of the
fifth Kondratieff cycle in the 1970s (Yushkova, 2014). Digital technology can reduce
information and search costs in international trade (Anderson & Van Wincoop, 2004;
Goldfarb & Tucker, 2019; Lendle et al., 2016; Nath & Liu, 2017) and reduce trade
barriers by reducing trade costs to promote the development of trade (Choi, 2010).
Moreover, the use of the internet helps improve the probability of enterprises partici-
pating in trade (Clarke, 2008; Ricci & Trionfetti, 2012; Yadav, 2014). Besides that,
some scholars find the heterogeneity in this issue. Freund and Weinhold (2002) show
that the impact of the internet on trade is greater in underdeveloped countries than
in developed countries. Similarly, Clarke (2008) believes that the internet mainly pro-
motes the export of enterprises in low- and middle-income countries.

To sum up, the existing research provides support theoretically and empirically for
this study, but there is still room for us to make a marginal contribution. First, there
are sufficient theoretical and empirical studies about the influence of finance on trade.
Most studies focus on traditional finance and pay more attention to the total amount
of trade or trade mode while rarely exploring the impact of digital finance on export
sophistication. On this basis, we start with digital inclusive finance, which brings
more inclusive growth and studies its impact on upgrading a city’s export, to supple-
ment the existing literature. Second, we focus on the city level, which can support us
in verifying the inclusiveness of digital finance across cities, whether the less devel-
oped cities benefit more from the inclusive growth brought by digital finance in
improving export sophistication. Finally, we discuss whether innovation and market
effects are the two channels through which digital inclusive finance affects export
sophistication. By doing so, we attempt to supplement the existing research on the
analysis of the mechanisms of digital inclusive finance affecting export.

3. Theoretical analysis

3.1. Digital inclusive finance and a city’s export upgrading

Digital inclusive finance alleviates the financing constraints faced by enterprises
through a wider coverage of financial services. According to the export theory of het-
erogeneous enterprises (Melitz, 2003), digital inclusive finance improves the produc-
tion efficiency of enterprises to promotes export. On the one hand, if firms face
liquidity constraints when accessing foreign markets, it prevents some firms from
exporting because they cannot access financial markets and cover entry costs into for-
eign markets (Chaney, 2016). Therefore, the development of digital inclusive finance
improves enterprises’ participation in export through offering more convenient and
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effective financial support for enterprises facing financing constraints, which makes
up for variable costs, thereby promoting export. On the other hand, due to the low
ability to resist risks and the lack of business records, it often takes a long period for
small and medium-sized enterprises to borrow through the formal traditional finan-
cial channels. More seriously, these enterprises are more likely to face the fracture of
the capital chain and higher time costs in the process of export. The digitalisation of
finance may provide new technologies that have the potential to improve access to
finance for firms and afford new possibilities for investors (Buchak et al., 2018) to
provide liquidity and enhance the risk resistance ability for small and medium-sized
enterprises. Therefore, the development of digital inclusive finance expands the num-
ber of enterprises participating in export and increases the types of export products
and export modes, promoting export scale as well as export sophistication.

On this basis, this paper puts forward our first hypothesis:

H1: The development of digital inclusive finance is conducive to the upgrading of a
city’s export upgrading.

3.2. Inclusiveness of the impact of digital inclusive finance on a city’s
export upgrading

There exists city heterogeneity in the impact of digital inclusive finance on the
upgrading of a city’s export. Severe information asymmetry and high marginal costs
are key factors leading to exclusion from traditional finance (Zhong & Jiang, 2021).
In the least developed cities, individuals generally have little savings and few invest-
ments, but scarce collateral and credit certificates limit their access to bank credit
(Fung�a�cov�a & Weill, 2015). Whereas, by reducing transaction costs, reducing the
asymmetry between the two sides of the transaction, and improving the efficiency of
financial services, digital inclusive finance provides less developed cities with previ-
ously unreachable opportunities, helping these cities achieve faster and more compre-
hensive economic growth. On the one hand, with the development of internet
technology, digital inclusive finance has broadened the scope, mode, type, and effi-
ciency of financial services. Therefore, the threshold to participate in digital finance is
relatively low, which makes digital finance a long-tailed market (Liao et al., 2020). On
the other hand, the low threshold and low cost of digital inclusive finance improve
the satisfaction of financial service requirements in less developed cities. Based on the
above analysis, the inclusiveness of digital finance makes the effect on the export
upgrading of less developed cities stronger than their counterparts. In other words,
digital inclusive finance is better in ‘offering fuel in snowy weather’ than ‘icing on the
cake’. However, driven by technology, digital inclusive finance has a certain
‘pickiness’. The popularisation and application of technology require certain know-
ledge stock. Especially in the early development of digital finance, insufficient know-
ledge stock will lead to the mismatch between the demand side and the supply side
of financial products because the knowledge threshold or the development of digital
inclusive finance face human capital constraints. Similarly, export activities require
location advantages, such as ports, and insufficient locations will also restrict the full
play of digital inclusive finance in improving city’s export sophistication.
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Based on the above analysis, this paper puts forward following two hypotheses:

H2: The inclusiveness of digital finance makes less developed cities benefit more in
export upgrading.

H3: The full play of inclusiveness of digital finance requires the support of human
capital level and export-related location advantage.

3.3. The impact of digital inclusive finance on a city’s export upgrading: the
innovation effect

Digital finance combines digital technology and financial services in the form of
internet finance, mobile finance, fin-tech, and other forms (Li et al., 2020).
Promoting innovation effectively requires well-functioning financial markets that play
critical roles in reducing financing costs, allocating scarce resources, evaluating
innovative projects, managing risk, and monitoring managers (Hsu et al., 2014).
Meanwhile, the widespread of information technology can facilitate knowledge diffu-
sion among businesses to boost their innovation performance (Paunov & Rollo,
2016). Therefore, compared with traditional finance, digital inclusive finance has
more advantages in promoting innovation. From the perspective of alleviating financ-
ing constraints, digital inclusive finance has the advantages of fast financing and low
cost for enterprises and individuals, thus it is conducive to promoting the develop-
ment of innovation activities through breaking the financing constraints. Meanwhile,
higher lending levels will also promote enterprises to make more innovative invest-
ments (Chen et al., 2015). Besides, small and medium-sized enterprises are more
active in innovation activities, but they face more financing constraints (Ryan et al.,
2014). The development of digital finance provides strong support for those enter-
prises to carry out innovation. Consequently, digital inclusive finance promotes the
overall innovation performance by driving innovation activities at a micro-level.
From the perspective of using the internet and information technology, the know-
ledge sharing effect and spillover effect enables enterprises to receive more and far-
ther information, the learning inducing effect accelerates the accumulation of human
capital, and the application expansion can effectively change enterprises’ behaviour
and industry’s organisational structure to promote innovation. Through innovation,
firms can enter new geographical markets with novel and better products, therefore
making exports more successful (Golovko & Valentini, 2011).

To sum up, this paper puts forward a fourth hypothesis:

H4: Digital inclusive finance promotes the upgrading of a city’s export by producing an
innovation effect.

3.4. The impact of digital inclusive finance on a city’s export upgrading: the
market effect

The development of digital finance extends the boundary of trade by incorporating
more participants and improving resource accessibility. In terms of the former, digital
finance has great potential to broaden access to financial services by lowering costs,
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reducing information asymmetries and enabling more transparency (Gabor & Brooks,
2017), as well as improving efficiency (Li et al., 2020). Then, digital finance makes it
possible to match the financial demand side with the supply side, where the parties
may be geographically disparate (Pierrakis & Collins, 2013). Meanwhile, digital
finance makes financing more versatile and accessible for individuals and small busi-
ness owners. As for improving resource accessibility, funds and information are two
major market resources. The utilisation of internet technology enriches marketing
information and expands transaction channels, resulting in improved resource acces-
sibility (Yang & Lim, 2015). Above all, the development of digital finance expands
the boundary of cross-regional transactions and improves market accessibility, thus
producing a market effect. Furthermore, the improvement of market accessibility
strengthens the regional industrial agglomeration, then increases the total factor prod-
uctivity of enterprises (Holl, 2016), and finally improves the overall export, optimising
export structure.

From the above analysis, this paper puts forward a fifth hypothesis:

H5: Digital inclusive finance promotes the upgrading of a city’s export through the
market effect.

4. Empirical model, variables, and data

4.1. Empirical model

To further quantify the impact of digital inclusive finance on a city’s export upgrad-
ing, we build the following econometric model:

lnUGit ¼ blnDIFIit þ aXit þ ki þ ct þ eit (1)

where i represents the city, and t is the time. ki means the fixed effect of the city, or
the controlling of unobserved factors that do not change with time in a particular
city. ct is the time fixed effect that does not change with the individual characteristics
of the city. eit is a random error term that obeys the standard normal distribution.
UG is the core explained variable of this paper. Referring to the existing research on
China’s export structure and competitiveness (Xu & Lu, 2009; Jarreau & Poncet,
2012), we employ the natural logarithm of the sophistication index to measure the
upgrading of a city’s export. DIFI, the development of digital inclusive finance, is
the core explanatory variable of this paper, measured by the natural logarithm of the
Peking University Digital Financial Inclusion Index of China at the city level. Xit are
the other control variables that affect the city’s export upgrading.

4.2. Variables

4.2.1. Explained variable
The explained variable of this paper is to measure the upgrading of a city’s export.
From the perspective of the supply side, the upgrading of export technology is often
accompanied by the upgrading of export. Therefore, export sophistication measures
the upgrading of a city’s export. Referring to the measurement method proposed by
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Hausmann et al. (2007), according to the export data by HS 6-digit product, this
paper first calculates the export sophistication of each product, which is the weighted
average of the per capita GDPs of countries exporting a given product. It then calcu-
lates the export sophistication at the city level, which is a weighted average of the
export sophistication in the city’s overall export basket. The specific calculation pro-
cess is as follows:

Prodyc, t ¼
X

m

Exm, c, t=Exm, tð Þ � Ym, tP
mExm, c, t=Exm, t

(2)

where Prodyc, t is export sophistication of product c in year t: Exm, c, t=Exm, t is the
value-share of the commodity in the country’s overall export basket. Ym, t represents
the per-capita GDP of country m:

On the basis of Equation (2), combined with export product structure of each city,
the export sophistication associated with city i's is defined by:

UGit ¼
P

cUexc, i, t � Prodyc, tP
cUexc, i, t

(3)

where UGit is export sophistication of city i in year t: Uexc, i, t is the export scale of
product c of city i in year t:

4.2.2. Explanatory variables
The core explanatory variable of this paper is the digital inclusive finance index at
the city level. We use the city-level data of the Peking University Digital Financial
Inclusion Index of China, produced by a research team from the Institute of Digital
Finance at Peking University and the Ant Financial Services Group. This index
involves three dimensions, including coverage breadth, usage depth, and digitisation
level, and it uses 33 indicators, such as Alipay’s number per 10,000 people. This index
can depict the development trend of digital inclusive finance across cities in China.

4.2.3. Control variables
Based on the existing research, this paper selects the following control variables that
may affect the city’s export upgrading. The degree of city’s openness (lnFDIShare) is
measured by the natural logarithm of the proportion of the actual use of foreign
investment in the city’s GDP (Schott, 2008). The development of traditional finance
(lnFinance) is measured by the natural logarithm of the proportion of the balance of
deposits and loans of financial institutions at the end of the year in the whole city’s
GDP: By controlling the development of traditional finance, we can distinguish the
effects of digital inclusive finance from traditional finance on the upgrading of a city’s
export. Industrial structure (Indus) is a crucial factor affecting China’s export
(Mazumdar, 1996), and the manufacturing industry contains more export enterprises,
so we use the proportion of the secondary industry in the city’s GDP to measure the
city’s industrial structure. In terms of total factor productivity (lnTFP), referring to
Battese and Coelli (1995), we use the SFA method to calculate the natural logarithm
of total factor productivity to measure the efficiency of a city’s economic
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development. Considering the positive impact of the agglomeration of a city’s popula-
tion on trade (Koenig et al., 2010), we use the natural logarithm of the city’s average
population at the end of the year to measure the city’s population size (lnPOP).
Given the fact that the expansion of fiscal expenditure may affect the trade balance
(Costinot, 2009), we use the ratio of the city’s public expenditure to the city’s GDP to
measure the scale of government expenditure (Gover).

4.3. Data

The sample period covers 2013 to 2017. The city-level digital inclusive finance index
is from the Peking University Digital Financial Inclusion Index of China. The trade
data used in constructing export sophistication is from Chinese customs data. The
rest of the control variables are mainly from the China City Statistical Yearbook, and
the statistical calibre is prefecture-level cities. Due to missing data in some cities, we
filter out 272 prefecture-level cities. The descriptive statistics of the main variables are
in Table 1.

5. Empirical tests and results

5.1. Benchmark results

Based on the above empirical model, this paper focuses on the impact of digital inclu-
sive finance on export upgrading at the city level. We start with fixed effect regression
and use the clustering standard error at the city level (Bertrand et al., 2004) to deal
with the potential serial correlation and heteroscedasticity. Then, we replace the
explanatory variable with the sub-dimension of digital inclusive finance or the natural
logarithm of digitisation degree (lnDigitization) to investigate its impact on the
upgrading of a city’s export. In addition, the development of digital inclusive finance
presents spatial agglomeration and still relies on entity economy and traditional
finance. Therefore, we remove first-tier cities, such as Beijing, Shanghai, Shenzhen,
and Guangzhou, and cities with a high degree of internet finance development, such
as Hangzhou, from the sample to alleviate the possible overestimation of the develop-
ment of digital inclusive finance.

Table 2 shows the results of the fixed effect regression. Column (1) is the regres-
sion result of the influence of digital inclusive finance (lnDIFI) on the upgrading of a
city’s export. The coefficient of digital inclusive finance is significantly positive,

Table 1. Descriptive statistics of main variables.
Variables Observations Mean Variance Minimum Maximum

lnUG 1340 10.88 0.13 10.44 11.23
lnDIFI 1340 5.13 0.23 4.47 5.65
lnFDIShare 1340 �0.03 1.34 �8.64 3.04
lnFinance 1340 0.79 0.40 �0.40 2.53
Indus 1340 47.19 10.67 8.12 81.89
lnTFP 1340 0.15 0.76 �2.25 1.08
lnPOP 1340 5.94 0.65 3.43 8.13
Gover 1340 0.19 0.09 0.04 0.83

Source: The Authors.
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meaning that the city’s export will upgrade with the development of digital inclusive
finance promoting the export sophistication. As shown in column (2), the rise in
digitisation degree also promotes the upgrading of a city’s export. The regression
results in columns (3) and (4) show that after removing the cities with a high spatial
agglomeration of digital inclusive finance, the digital inclusive finance promotion still
plays a positive role in promoting the upgrading of a city’s export. Therefore, H1
is verified.

In addition, we also follow the influence of traditional finance (lnFinance) on the
upgrading of a city’s export. As shown in Table 2, the corresponding coefficients are
all negative and significant, indicating that the development of traditional finance has
an inhibitory effect on the upgrading of cites’ export, which is consistent with the
results shown in Figure 2. This may be because the development of traditional
finance has not completely eased the financing constraints of private enterprises or
small and medium-sized enterprises, thus restricting the development of exports
(Ciani & Bartoli, 2013). In contrast, through integrating digital technology with finan-
cial services, digital inclusive finance improves the availability of financial services,
enhances enterprise productivity, and promotes export upgrading. This further high-
lights the benefits of digital development for export development. Besides, govern-
ment expenditure (Gover) represents the government’s intervention in the upgrading
of a city’s export. Its significantly negative coefficient indicates it is more difficult for
cities to upgrade their export under government intervention. This result is consistent
with the research conclusions of Levchenko (2007) and Auty (2009), which point out
that the superior regional development conditions may induce the government to

Table 2. Benchmark regression results.

Variables

Whole sample
Remove the cities with high degree

of DIFI spatial agglomeration

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

lnDIFI 0.0795� 0.0805�
(0.0408) (0.0424)

lnDigitization 0.0260� 0.0251�
(0.0149) (0.0150)

lnFDIShare 0.0045� 0.0047� 0.0044� 0.0047�
(0.0024) (0.0025) (0.0024) (0.0025)

lnFinance �0.0351� �0.0330� �0.0353� �0.0334�
(0.0190) (0.0187) (0.0192) (0.0190)

Indus 0.0003 0.0002 0.0003 0.0002
(0.0002) (0.0002) (0.0002) (0.0002)

lnTFP 0.0026 0.0023 0.0026 0.0023
(0.0025) (0.0025) (0.0025) (0.0026)

lnPOP 0.0448 0.0413 0.0458 0.0433
(0.0355) (0.0343) (0.0366) (0.0353)

Gover �0.2173��� �0.2175��� �0.2168��� �0.2160���
(0.0591) (0.0591) (0.0593) (0.0594)

_cons 10.3754��� 10.6832��� 10.3630��� 10.6746���
(0.3224) (0.2260) (0.3289) (0.2312)

Time fixed effect YES YES YES YES
City fixed effect YES YES YES YES
N 1340 1340 1315 1315
R2 0.8935 0.8933 0.8919 0.8917

Note: (1) The values in brackets are the robustness standard errors of city level clustering. (2) �, ��, and ��� repre-
sents the significance levels of 10%, 5%, and 1%, respectively.
Source: The Authors.
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stretch out a ‘predatory hand’ and distort the spontaneous process of the market.
This would then hinder the formation of export comparative advantage in the export
sophisticate sector. This suggests that the government should find a reasonable pos-
ition rather than excessive intervening in the process of a city’s export upgrading.

5.2. Endogenetic treatment

Considering that there may be endogenous problems in the development of city’s
digital inclusive finance, cities with higher export sophistication may improve their
digital inclusive finance. We use the instrumental variable method to solve the poten-
tial reverse causality problem.

In terms of the choice of instrumental variables, we refer to existing research and
choose the number of fixed-line telephones per 100 people in 1984. The reason for
choosing this instrumental variable is that the development of digital inclusive finance
mainly benefits from the continuous upgrading of internet technology. Specifically, as
for the development of internet technology in China, the first step is to access the
internet through the fixed-line telephone network, then gradually develop to optical
fibre broadband and wireless mobile phones. It can be inferred that the popularity of
the fixed-line telephone in history has laid the foundation for the development of
internet technology. Therefore, the number of fixed-line telephones in cities in history
meets the requirements of the relevance of instrumental variables. Whereas, with the
rapid development of the internet and mobile communication technology, the influ-
ence of the fixed-line telephone on export is gradually disappearing. After controlling
the influence of other factors, choosing the number of fixed-line telephones in history
as the instrumental variable also meets the exclusivity requirements. In addition, this
study uses panel data, while the number of fixed-line telephones in history is cross-
sectional data. Therefore, we refer to the setting method of Nunn and Qian (2014) to
interact the number of fixed-line telephones with the lagged of the number of inter-
net access users per capita of the whole city and the lagged of the number of mobile
phone users per capita of the whole city, respectively. The above two variables are
logarithmic, and the time trend of historical data correlation matches with the sam-
ple. The first stage exclusive F statistic tests the strong correlation between instrumen-
tal variables and endogenous variables. Table 3 shows the regression results of
instrumental variables.

Columns (1) and (3) in Table 3 are the results of panel instrumental variables of
the whole sample and the sample excluding the five cities with high degrees of inclu-
sive finance agglomeration. The results show that the p-value of the Hansen J statistic
is greater than 0.25, indicating that the instrumental variables meet the requirements
of exogenous. The coefficients of the two instrumental variables are significantly posi-
tive in the first stage of regression, which meets the requirements of the correlation
between instrumental variables and endogenous variables. The F-test statistic is sig-
nificantly positive in the first stage, indicating that there is no weak instrumental vari-
able problem. Besides, the coefficient of digital inclusive finance is significantly
positive, which shows that it has a strong role in promoting the upgrading of a city’s
export, and it also shows the robustness of the benchmark results. Furthermore, to
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prove the exogenous of the selected instrumental variables is valid, we conduct an
IV-GMM test, and columns (2) and (4) of Table 3 show the estimation results. The
p-value of the Hansen J statistic verifies the exogenous of instrumental variables, and
the coefficient of digital inclusive finance is still significantly positive, which again
indicates the robustness of the benchmark results.

5.3. Robustness test

To further test the robustness of the results of this study, we conduct robustness
checks from the following aspects.

First, the explained variable is replaced by the ratio of dependence on export,
which is measured by the ratio of the city’s export to the city’s GDP: Since cities with
higher demand for export upgrading often have a higher ratio of dependence on
export, we can choose it as the alternative variable. As shown in column (1) of
Table 4, the coefficient of digital inclusive finance is significantly positive, indicating
that this variable has a significant positive relationship with export dependence, sug-
gesting the robustness of the benchmark results.

Second, we calculate the residual of the model (1), and we delete the samples
whose absolute value of residual is greater than 2.5 times of the standard deviation to
re-estimate the results to eliminate the influence of outliers. Results in column (2)
show that the removal of the sample outlier does not significantly affect the coeffi-
cient and significance of digital inclusive finance, which can still explain the signifi-
cant impact on the upgrading of a city’s export.

Then, we re-estimate the results after removing the provincial capital cities from
the whole sample. This is mainly because the provincial capital cities have high

Table 3. Estimation results of instrumental variables.

Variables

Whole sample
Remove the cities with high degree

of DIFI spatial agglomeration

(1) (2) (3) (4)
FE-IV IV-GMM FE-IV IV-GMM

lnDIFI 0.4803� 0.4410� 0.5213� 0.4953a

(0.2750) (0.2624) (0.3123) (0.3034)
First-stage iv1: 0.0040�� 0.0040�� 0.0031� 0.0031�
lnPhoneinternet (0.0018) (0.0018) (0.0018) (0.0018)
First-stage iv2: 0.0092�� 0.0092�� 0.0092�� 0.0092��
lnPhonemobil (0.0045) (0.0045) (0.0045) (0.0045)
First-stage F test 5.58��� 5.58��� 4.44�� 4.44��

(0.0043) (0.0043) (0.0129) (0.0129)
Cragg-Donald Wald F statistic 11.817 11.817 10.004 10.004
Hansen J statistic 0.5011 0.4984 0.6937 0.6929
Control variables YES YES YES YES
Time fixed effect YES YES YES YES
City fixed effect YES YES YES YES
N 1091 1091 1066 1066
R2 0.8835 0.8864 0.8790 0.8811

Note: (1) Except that the values in brackets of the first stage F test are the corresponding p values, the other values
in brackets are the robustness standard errors of city level clustering. (2) �, ��, and ��� represent the significance
levels of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
aThe p value of ln DIFI in column (4) is 0.103, which is approximately equal to 0.1, so this variable can be roughly
considered as significant at 10% significance level.
Source: The Authors.
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primacy and concentrate more resources (including financial resources), so we need
to exclude this influence. As shown in column (3), the coefficient of digital inclusive
finance is still significantly positive.

Finally, the random effect replaces the fixed effect, and column (4) shows the
results. After replacing the empirical method, our conclusion still holds.

In general, although the coefficient and significance of some explanatory variables
are slightly different, the robustness checks still support the conclusion that digital
finance significantly improves export sophistication. In short, the overall results show
strong robustness.

6. Expansibility analysis

6.1. Heterogeneity analysis: what kind of cities benefit from ‘inclusiveness’?

The above results show that the development of digital inclusive finance promotes
the upgrading of the city’s export. Then, as for different cities, what kind of cities can
take better advantage of the development of digital inclusive finance to promote the
upgrading of their export? This is the issue we are interested in and attempt to verify.
As a matter of fact, the connotation of digital inclusive finance is to improve the
inclusiveness of financial services through digital means and provide more convenient
financial services to the whole society, especially the less developed areas, at a lower
cost to give play to its inclusiveness. Therefore, to deepen the understanding of the
relationship between digital inclusive finance and city’s export upgrading, we further
investigate what kind of cities benefit more.

For this purpose, referring to the heterogeneity analysis in existing studies
(Bombardini et al., 2017; Nunn & Qian, 2011; Nunn & Wantchekon, 2011), we dis-
cuss what kind of cities benefit more from the development of digital finance in
improving export sophistication through dividing the analysis into subsamples. The
reason we choose subsample estimation over analysis with interaction effects is that
the former assumes systematic differences across subsamples rather than the inter-
action between core variables and grouped variables. Therefore, subsample analysis is
more in line with our purpose of discussing city heterogeneity.

Table 4. Regression results of robustness test.
(2)

(1)
Dependence
on export

Excluding examples
with residual error
greater than 2.5
times of standard

deviation

(3)
Excluding
provincial

capital cities
(4)
RE

lnDIFI 2.9807��� 0.0865�� 0.0732� 0.1578���
(0.7743) (0.0377) (0.0434) (0.0348)

Control variables YES YES YES YES
Time fixed effect YES YES YES YES
City fixed effect YES YES YES YES
N 1340 1298 1216 1340
R2 0.2242 0.9058 0.8938 0.8921

Note: (1) The values in brackets are the robustness standard errors of city level clustering. (2) �, ��, and ��� repre-
sent the significance levels of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
Source: The Authors.
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6.1.1. Heterogeneity of city size
According to existing literature and empirical facts, larger cities have greater agglom-
eration, which is more conducive to the development of a city’s export (Duranton &
Puga, 2004; Wagner & Zahler, 2015). As shown in the China Statistical Yearbook, in
2020, the import and export of megacities such as Beijing and Shanghai are among
the highest in China. In contrast, small and medium-sized cities are short in resour-
ces to promote the upgrading and transformation of export, so they need more effi-
cient and lower-cost financial instruments, which the emergence of digital inclusive
finance can tackle effectively.

However, small and medium-sized cities lag behind big cities in infrastructure,
finance, human capital, and traditional financial development, thus they need inclu-
sive finance to supplement the defects of export development. While digital inclusive
finance reduces information costs and provides convenient conditions for promoting
export upgrading. Based on this, classified by population in 2017, we list the top 25%
of the sample cities as big cities and the remaining 75% as small and medium-sized
cities. According to this classification, we investigate the impact of digital inclusive
finance on the upgrading of export in cities of different size. Columns (1) and (2) of
Table 5 list the corresponding results, which show that the coefficient of digital inclu-
sive finance in small and medium-sized cities is significantly positive, while it is insig-
nificant in large cities. This illustrates that, compared with large cities, the export
upgrading of small and medium-sized cities benefits more from the development of
digital inclusive finance. This is mainly because the development of digital inclusive
finance improves the opportunities for small and medium-sized cities to enjoy finan-
cial services by reducing the threshold and transaction costs, thereby promoting the
transformation and upgrading of export in small and medium-sized cities. The results
also confirm the inclusive nature of digital inclusive finance in China.

6.1.2. Heterogeneity of a city’s wage level
The increase in wage level is due largely to the development of export (Grossman &
Helpman, 2005), so the cities with larger export tend to have higher wages. However,
with the continuous improvement of export, the wage gap may continue to expand
(Han et al., 2012). In this regard, we need to investigate the impact of digital inclusive
finance on the upgrading of export in cities with different wage levels and test
whether digital finance presents inclusiveness and narrows the export gap across cit-
ies. We divide the average wage of on-the-job workers at the city level into three
equal groups. The first equal group is cities with high wages, and the other two equal
groups are cities with low and medium wages. Columns (3) and (4) of Table 5 list
the corresponding estimation results, showing that the coefficient of low and medium
wage cities is 0.1232 and significant, while the coefficient of high wage cities is
insignificant.

The results suggest that the development of digital inclusive finance has signifi-
cantly promoted the upgrading of export in low and medium-wage cities but has no
such effect in high-wage cities. From the above analysis, we can infer that the devel-
opment of digital inclusive finance can alleviate the financing constraints of low and
medium-wage cities, promote the upgrading of export, and narrow the gap of export
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development among cities of different sizes. The results further verify the inclusive-
ness of digital inclusive finance in China.

Through the above analysis of city heterogeneity, the hypothesis of H2 has
been confirmed.

6.1.3. Heterogeneity of a city’s human Capital level
Digital financial services have certain requirements for users’ digital technology and
financial knowledge. The improvement of the level of human capital can effectively
improve the cognitive level and learning ability, reduce the exclusion of financial
services, enhance the participation of digital inclusive finance, and then promote the
transformation and upgrading of the city’s export. On the contrary, the relatively low
level of human capital will lead to the underuse of digital inclusive finance, and then
impede the full play of the role of digital inclusive finance in promoting the upgrad-
ing of a city’s export. Therefore, we use the number of college students per 10,000
people to measure the level of a city’s human capital. We divide these into three
equal groups, where the first equal group is cities with high levels of human capital
and the other are cities with low and medium levels of human capital. Columns (5)
and (6) of Table 5 list the corresponding estimation results, which shows that the
coefficient of cities with high human capital level is 0.1899 and significant, while the
coefficient of the counterpart is positive but insignificant. The results indicate that
the development of digital inclusive finance in cities with high human capital levels
has significantly promoted the upgrading of export, while we cannot detect similar
effects in cities with low and medium human capital levels. Therefore, we can infer
that the improvement of human capital level is helpful to give full play to the role of
digital inclusive finance in promoting the upgrading of a city’s export.

6.1.4. Heterogeneity of location advantage
The development of export needs the support of good location advantage. There is
no doubt that convenient port conditions can effectively promote the development
and upgrading of export. On the contrary, cities without relevant advantages cannot
fully enjoy the dividend of digital inclusive finance in promoting the upgrading of
export. On this basis, we use and divide the spherical distance between the city and

Table 5. Estimation results of city’s heterogeneity analysis.

Variables

City size City’s wage level City’s human capital level Port or non-port city

(1) (3) (4) (5) (6) (7)
Small and
medium
size cities

(2)
Large
cities

Low and
medium

wage cities

High
wage
cities

Low and
medium human
capital cities

High human
capital
cities

Non-
port
city

(8)
Port
city

lnDIFI 0.0783� 0.0399 0.1232�� 0.2417 0.0286 0.1899�� 0.0734 0.1867���
(0.0464) (0.0823) (0.0517) (0.1680) (0.0501) (0.0815) (0.0559) (0.0614)

Control variables YES YES YES YES YES YES YES YES
Time fixed effect YES YES YES YES YES YES YES YES
City fixed effect YES YES YES YES YES YES YES YES
N 982 358 898 442 880 460 860 480
R2 0.8845 0.9234 0.8734 0.8864 0.8870 0.9075 0.8748 0.9330

Note: (1) The values in brackets are the robustness standard errors of city level clustering. (2) �, ��, and ��� repre-
sent the significance levels of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
Source: The Authors.
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the nearest port into three equal groups. The cities in the first group are closer to the
port, defined as port cities. While the cities in the remaining two groups are farther
from the port, defined as non-port cities. Columns (7) and (8) of Table 5 show the
corresponding estimation results. The coefficient of port cities is 0.1867 and is signifi-
cantly positive, showing that digital inclusive finance plays an obvious role in pro-
moting the upgrading of export in port cities, but we observe no similar effect in
non-port cities. These results show that export-related location advantage and digital
inclusive finance play a complementary role in promoting the upgrading of export.

Through the above two heterogeneity analysis, hypothesis H3 is confirmed.
Given the results of the heterogeneity analysis, we can deduce that digital inclusive

finance in China possesses inclusiveness. The upgrading of export in less developed
cities can obtain greater benefits from the development of digital inclusive finance.
However, the full play of the role of digital inclusive finance in promoting the
upgrading of export requires a higher level of human capital and better export-related
location advantage.

6.2. Mechanism analysis: innovation and market effects

The benchmark results show that the development of digital inclusive finance can sig-
nificantly promote the upgrading of a city’s export, but the mechanism has not been
verified. As explained in the theoretical analysis in this paper, the development of
digital inclusive finance drives a city’s innovation and market effects, which promotes
the upgrading of the city’s export. In order to verify the above two mechanisms, this
paper follows Baron and Kenny (1986) to test the existence of innovation effect and
market effect. We divide the specific empirical strategies into three steps. The first
step is to test the role of digital inclusive finance in promoting the upgrading of a
city’s export, which we verify above. The second step is to check the impact of digital
inclusive finance on innovation effect and market effect. If the corresponding coeffi-
cient is significantly positive, we can infer that the development of digital inclusive
finance has produced the above two effects. The third step is examining the impact
of digital inclusive finance and the above two effects on the city’s export upgrading.
If the coefficients of the above two effects are significantly positive, we can deduct
that they are important mechanisms for digital inclusive finance to affect the city’s
export upgrading. The specific empirical models are as follows.

lnUGit ¼ blnDIFIit þ aXit þ ki þ ct þ eit (4)

lnMit ¼ b�lnDIFIit þ a�Xit þ ki þ ct þ eit (5)

lnUGit ¼ b
��lnDIFIit þ klnMit þ a

��Xit þ ki þ ct þ eit (6)

Among them, Equation (4) is the same as Equation (1), which is the first step of
mechanism analysis. Mit in Equations (5) and (6) is the mediating variable.
Significantly positive b� in Equation (5) shows that digital inclusive finance has signifi-
cant impact on mediating variables, and significantly positive k in Equation (6)
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shows that the mediating variable plays a mechanism role in the promotion of a city’s
export by digital inclusive finance. Meanwhile, if the coefficient b

�� in Equation (6) is
significant, the mediating variable only plays a partial mediating effect, whereas, if the
coefficient is not significant, the mediating variable plays a complete mediating effect.

6.2.1. Innovation effect
By reducing transaction costs and providing wider coverage of financial services,
digital inclusive finance provides support for technological innovation, which is con-
ducive to the transformation and upgrading of export. Therefore, we investigate how
the innovation effect acts as a mediating mechanism to promote the impact of digital
inclusive finance on the upgrading of a city’s export. The logarithm of city’s patent
application quantity per 10,000 people (lnPerPatent) is the mediating variable of a
city’s innovation effect, and Table 6 shows the estimation results. The coefficient of
digital inclusive finance in column (1) is significantly positive, indicating that digital
inclusive finance promotes a city’s innovation. Meanwhile, the coefficient of innov-
ation effect in column (2) is significantly positive, indicating that the innovation effect
plays a positive role in the process of digital inclusive finance promoting a city’s
export upgrading. The coefficient of digital inclusive finance is significantly positive
and less than that in the benchmark results, which indicates that the innovation effect
plays a partial mediating effect in promoting a city’s export upgrading. Besides, the
Sobel test result is significant, which further verifies that innovation has a certain
mediating effect. Specifically, 28.16% of the effect of digital inclusive finance on a
city’s export upgrading is through the improvement of innovation.

To check the robustness of the mechanism analysis, we use the previous instru-
mental variable model. The significance of the coefficients in columns (3) and (4) are

Table 6. Mechanism results of innovation effect.
FE IV

lnPerPatent lnUG lnPerPatent lnUG
(1) (2) (3) (4)

lnDIFI 0.7748�� 0.0718� 4.9258�� 0.3901
(0.3698) (0.0403) (2.5115) (0.2642)

lnPerPatent 0.0126�� 0.0157��
(0.0052) (0.0065)

First-stage iv1: 0.0040�� 0.0038��
lnPhoneinternet (0.0018) (0.0018)
First-stage iv2: 0.0094�� 0.0092��
lnPhonemobil (0.0045) (0.0045)
First-stage F test 5.60��� 5.23���

(0.0042) (0.0060)
Cragg-Donald Wald F statistic 12.077 11.239
Hansen J statistic 0.8862 0.5272
Sobel test 3.692(0.0002) 28.16%
Control variables YES YES YES YES
Time fixed effect YES YES YES YES
City fixed effect YES YES YES YES
N 1335 1335 1086 1086
R-sq 0.7348 0.8946 0.6581 0.8915

Note: (1) Except that the values in brackets of the first stage F test and Sobel test are the corresponding P values,
the other values in brackets are the robustness standard errors of city level clustering. (2) �, ��, and ��� represent
the significance levels of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
Source: The Authors.
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the same as the fixed effect results, which confirms the robustness of the mechanism
of innovation effect. On this basis, it has proved hypothesis H4 that digital inclusive
finance promotes the upgrading of a city’s export through innovation effect.

Furthermore, referring to existing methods used to study mediation mechanisms
(Preacher & Hayes, 2008; Preacher et al., 2007; Tofighi & MacKinnon, 2011), we use
the nonparametric percentile bootstrap method to analyse the mechanism of b

��� k in
Equations (5) and (6), because the specific performance of the mediation mechanism
is the significant interaction b

��� k: Specifically, we get 100, 200, 500, and 1,000 boot-
strap samples for Equations (5) and (6), then record the parameters b

�� and k and gen-
erate b

��� k: The descriptive statistics of b
��� k are shown in Table 7.

As shown in the sampling results under different repetition times, the mechanism
variable of innovation effects is significantly positive, whether they be direct or indir-
ect effects. We can regard the data between the 5% quantile and 95% quantile as a
90% confidence interval. As shown in Table 7, 0 is not included in the 90% confi-
dence interval, which further proves the mechanism role of innovation effects in
improving export sophistication by digital inclusive finance.

6.2.2. Market effect
The development of digital inclusive finance reduces the probability of information
asymmetry and transaction cost and also improves resource accessibility. This pro-
motes circulation among markets and stimulates market potential. Meanwhile, the
market effect brought by the stimulation of market potential promotes the productiv-
ity of enterprises and further promotes export (Melitz, 2003). Therefore, we test how
market effect plays a mediating role in the process of digital inclusive finance pro-
moting a city’s export upgrading. We refer to the research of Head and Mayer (2011)
to construct the market potential index as the proxy variable of a city’s market effect.

Marketit ¼ Yit

Dii
þ
X

i6¼j

Yjt

Dij
(7)

Dii ¼ 2
3

ffiffiffiffiffiffiffiffiffiffi
areai
p

r
(8)

Table 7. Bootstrap sampling mechanism results of innovation effect (b
��� k).

(1) (2) (3) (4)
Panel A 100
bootstrap

sampling (b
��� k)

Panel B 200
bootstrap

sampling (b
��� k)

Panel C 500
bootstrap

sampling (b
��� k)

Panel D 1000
bootstrap

sampling (b
��� k)

Indirect effect 0.0932��� 0.0932��� 0.0932��� 0.0932���
(0.0272) (0.0247) (0.0248) (0.0229)

5% quantile 0.0534 0.0336 0.0488 0.0444
95% quantile 0.1400 0.1400 0.1434 0.1428
Direct effect 0.2378��� 0.2378��� 0.2378��� 0.2378���

(0.0452) (0.0401) (0.0389) (0.0405)
5% quantile 0.1597 0.1753 0.1671 0.1671
95% quantile 0.3610 0.3083 0.3443 0.3182

Note: (1) The values in brackets are the bootstrap standard errors. (2) �, ��, and ��� represent the significance lev-
els of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
Source: The Authors.
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where Marketit is the market potential index. Yit is the GDP of city i in year t, and
Yjt is the GDP of city j in year t: Dij is the distance from city i to city j, and Dii is
the internal distance of city i: areai is the land area of city i0s administrative region.
We use the logarithm of the city’s market potential index (lnMarket) to measure the
city’s market effect. Table 8 shows the specific regression results.

The coefficient of digital inclusive finance in column (1) is significantly positive,
indicating that the development of digital inclusive finance has brought an obvious
market effect to cities. Meanwhile, the coefficient of market effect in column (2) is
also significantly positive, indicating that the market effect has played a mediating
role in promoting the city’s export by digital inclusive finance. However, the coeffi-
cient of digital inclusive finance in column (2) is insignificant, suggesting that the
market effect plays a complete mediating mechanism role. Furthermore, the statistical
significance of the Sobel test also confirms that the market effect has some certain
mediating role. Specifically, 48.73% of the effect of digital inclusive finance on a city’s
export upgrading is from the improvement of the market effect. Then, we use the
instrumental variable model to verify the robustness of the mediating mechanism.
Through the results in columns (3) and (4), we can see that the significance of the
coefficient is the same as that of the fixed effect, which indicates that the mechanism
of the market effect is robust. On this basis, hypothesis H5 has been proved that
digital inclusive finance promotes the upgrading of a city’s export through mar-
ket effect.

Furthermore, referring to the nonparametric percentile bootstrap method men-
tioned above, this paper analyses the mechanism of the market effect. Table 9 lists
the descriptive statistics of b

��� k: As shown from the sampling results under different
repetition times, the mechanism variable of market effect is significantly positive,

Table 8. Mechanism test of market effect.
FE IV

(1) (2) (3) (4)
ln Market ln UG ln Market ln UG

lnDIFI 0.2509��� 0.0624 1.8228��� 0.3296
(0.0895) (0.0428) (0.5166) (0.2650)

lnMarket 0.0979��� 0.0847���
(0.0259) (0.0294)

First-stage iv1: 0.0039�� 0.0037��
lnPhoneinternet (0.0018) (0.0019)
First-stage iv2: 0.0098�� 0.0089��
lnPhonemobil (0.0046) (0.0045)
First-stage F test 5.62��� 4.87���

(0.0042) (0.0085)
Cragg-Donald Wald F statistic 12.410 10.506
Hansen J statistic 0.6067 0.5198
Sobel test 7.607(0.000) 48.73%
Control variables YES YES YES YES
Time fixed effect YES YES YES YES
City fixed effect YES YES YES YES
N 1309 1309 1081 1081
R2 0.8054 0.9004 0.6135 0.8952

Note: (1) Except that the values in brackets of the first stage F test and Sobel test are the corresponding P values,
the other values in brackets are the robustness standard errors of city level clustering. (2) �, ��, and ��� represents
the significance levels of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
Source: The Authors.
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whether the effects are direct or indirect. Similarly, we can regard the data between
the 5% quantile and 95% quantile as 90% confidence interval, and 0 is not included
in this interval, further suggesting the mechanism role of the market effect in improv-
ing export sophistication by digital inclusive finance.

7. Conclusion

Based on the Chinese customs data and the Peking University Digital Financial
Inclusion Index of China from 2013 to 2017, this paper verifies the impact of digital
inclusive finance on the upgrading of a city’s export and further explores the hetero-
geneity across cities and the mechanisms through which digital finance influences
export upgrading.

This paper finds that the development of digital finance rather than traditional
finance significantly promotes the upgrading of a city’s export, and the conclusion
still holds after dealing with the endogenous problem and a series of robustness tests.
Therefore, the popularisation of digital finance provides new development opportuni-
ties for the promotion of a city’s export competitiveness. Furthermore, to test the
inclusiveness of digital finance in improving export sophistication, this paper studies
the heterogeneity of the impact of digital inclusive finance on the upgrading of export
across cities. This study finds that digital inclusive finance plays a stronger role in
promoting the upgrading of export in cities with smaller sizes and lower wages, indi-
cating that digital finance has brought inclusive growth to the promotion of export
competitiveness in less developed cities, that is ‘offering fuel in snowy weather’.
However, digital inclusive finance has a certain ‘pickiness’ in promoting the upgrad-
ing of a city’s export. Specifically, the promotion effect is sharper in cities with high
levels of human capital and port cities. This shows that although digital finance
brings inclusive growth, it needs the coordination of knowledge reserve and location
advantage to better promote export upgrading of less developed cities. Finally,
through mechanism analysis, we confirm that digital finance can promote the upgrad-
ing of a city’s export through innovation and market effects. Digital finance can pro-
mote enterprise innovation by alleviating the financing constraints and accelerating
the process of knowledge spillover, learning, and application. Through stimulating

Table 9. Bootstrap sampling mechanism results of market effect (b
��� k).

(1) (2) (3) (4)
Panel A 100
bootstrap

sampling (b
��� k)

Panel B 200
bootstrap

sampling (b
��� k)

Panel C 500
bootstrap

sampling (b
��� k)

Panel D 1000
bootstrap

sampling (b
��� k)

Indirect effect 0.1698��� 0.1698��� 0.1698��� 0.1698���
(0.0211) (0.0243) (0.0216) (0.0225)

5% quantile 0.1409 0.1158 0.1295 0.1251
95% quantile 0.2223 0.2098 0.2194 0.2104
Direct effect 0.1786��� 0.1786��� 0.1786��� 0.1786���

(0.0375) (0.0408) (0.0401) (0.0373)
5% quantile 0.0974 0.0887 0.0958 0.1138
95% quantile 0.2516 0.2597 0.2534 0.2672

Note: (1) The values in brackets are the bootstrap standard errors. (2) �, ��, and ��� represent the significance lev-
els of 10%, 5%, and 1%, respectively. (3) The control variables are the same as in Table 2.
Source: The Authors.
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productivity and promoting competitiveness due to cost reduction, innovation is
often regarded as one of the most important components of export sophistication
(Atasoy, 2020). By reducing the degree of information asymmetry, killing geograph-
ical distance, and improving the availability of resources, digital finance can improve
the participation rate of export enterprises and expand the scope of the market, fur-
ther promoting the upgrading of a city’s export.

Based on the above conclusions, we put forward the following suggestions to
improve China’s export sophistication. First, considering the important role of digital
finance in promoting the upgrading of a city’s export, it is necessary to continue
strengthening digital finance development. In recent years, China has implemented
many policies aimed at accelerating the construction of new infrastructures, such as
the 5G network and data centre, which has laid a solid foundation for the rapid
development of digital finance. However, in this process, we should note the import-
ance of guiding digital finance to give full play to its inclusive nature.

Specifically, in the construction of new infrastructure related to digital finance, the
government can give certain policy preference to small and medium-sized cities and
rural areas with less developed economies and poor resource acquisition ability to
narrow the ‘digital divide’ across regions. This is not only conducive to giving full
play to the inclusiveness of digital finance, but it also helps narrow China’s huge
regional gap and urban-rural gap in the long run.

Second, while promoting the development of digital finance, it is necessary to
improve the level of human capital, especially in less developed regions. Certain know-
ledge reserves, especially those related to digital information technology and financial
knowledge, help to understand and use digital financial services to better enjoy the
dividend of digital finance in promoting the upgrading of a city’s export. Therefore, the
popularisation of relevant digital finance knowledge should be promoted simultaneously
and harmoniously with relevant infrastructure construction. Furthermore, it is neces-
sary to strengthen the connection between inland cities (especially small and medium-
sized cities) and port cities to benefit the location advantages of port cities to cities
with weak development foundations. China has always attached great importance to
the construction of municipal public engineering facilities such as transportation, posts
and telecommunications, and logistics. China’s railway and logistics have developed
rapidly and are well-known globally, but we should not underestimate the gap between
developed and less developed cities. Next, the Chinese government should further
improve the infrastructure construction in less developed regions and integrate small
cities and rural areas into the national public transport and logistics network.

Finally, the government can encourage and protect innovation through the meas-
ures such as optimising the institutional environment and protecting intellectual
property rights.

Additionally, by reducing the degree of information asymmetry and improving the
liquidity of resources and factors, the widespread use of digital technology can break
down the obstacles caused by market segmentation and further open up the influence
channel of digital finance to promote the upgrading of a city’s export. China’s digital
finance development is at the forefront of the world. If China can grasp the emerging
trend of a digital economy and make it better serve the export, it will undoubtedly
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play a positive role in promoting China’s export quality to a higher level, strengthen-
ing the high-quality development of China’s economy.
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