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physical currency. This decreasing reliance on physical currency implies that digitalization has
paved the way for adopting e-CNY. We further investigate the infrastructural factors that support
Digital wallets digitalization progression and e-CNY’s implementation. Our results suggest that the transition
Digital payment scenarios from physical to digital currency is jointly driven by wallet digitalization (enabled by smart-
Cash substitution phones) and payment scenario digitalization (supported by e-commerce). Our result findings
provide implications to both China and other countries developing CBDC initiatives.

1. Introduction

In recent years, interest in Central Bank Digital Currencies (CBDCs) has surged globally, with 134 countries and regions actively
engaged in researching or piloting their own CBDGs.! CBDGs are regarded as secure digital alternatives with potential to reduce cash
transactions (Ma et al., 2023) and improve monetary policy effectiveness (Corbet et al., 2024). By integrating into existing financial
systems, CBDCs may serve as a novel governance mechanism that affects cash dynamics (Zhang and Chan, 2025). However, the
existing literature largely relies on the theoretical models of CBDCs (Allen et al., 2022; Wang, 2023; Xu, 2022), with limited empirical
evidence available due to the challenges of obtaining data, as most CBDC projects remain in the research or pilot phase. This lack of
empirical analysis leaves significant gaps in understanding the practical implications of CBDCs.

In this paper, we aim to bridge the gap by investigating how digitalization development promotes CBDCs and identifying the
infrastructural forces that support digitalization progression and facilitate CBDCs implementation. China provides a unique setting for
this research question for several reasons. First, China has advanced digital infrastructure and widespread digital payment adoption.”
Its well-developed mobile payment system, dominated by Alipay and WeChat Payment, has established a strong framework for e-
CNY’s implementation (Allen et al., 2022). Second, China is among the first major economies to launch a CBDC pilot, with significant
progress being made in recent years. Since initiating CBDC research in 2014, China has progressively expanded e-CNY trials to 26
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regions across 17 provinces and cities, with total transactions reaching 7 trillion RMB by June 2024. Third, since the rise of e-com-
merce and Alipay in 2014, physical cash usage has dropped significantly (Ma et al., 2023), along with a notable decline in the MO to M1
ratio.” This trend supports our hypothesis that digitalization development has reduced both the supply and demand of cash in cir-
culation, consistent with monetary substitution theory. As digital payments become more accessible and efficient, individuals and
firms are expected to move away from cash (Beckmann et al., 2024; Zhang and Chan, 2025).

To examine how digitalization affects the supply and demand of e-CNY and the infrastructural factors driving its development in
China, we use panel data from 31 provinces covering a period of 2011-2021. As e-CNY remains in the trial stage, direct empirical data
is unavailable. To circumvent this data constraint, we use data on physical CNY as an inverse indicator for e-CNY. Given that e-CNY is
designed to substitute for cash in circulation (Li and Huang, 2021), our findings should provide meaningful inferences about the
e-CNY. Our results show that digitalization, measured by digitalization coverage and level, reduces both the supply and demand of
physical cash, suggesting a potential shift towards e-CNY. Further analyses show that different infrastructure prerequisites are required
for different aspects of digitalization: smartphones are important for expanding its breadth, while e-commerce is essential for
expanding its depth.

We contribute to the literature by providing the novel empirical evidence on CBDC implementation from China. While previous
literature has recognized the role of third-party payment platforms and digital payments in reducing cash usage (Cheng, 2023;
Tronnier and Qiu, 2024), our study provides empirical evidence on how digitalization development paves the way for implementing
e-CNY. In addition, we shed light on the roles of digital wallets and digital payment scenarios in enabling the transition from physical
to digital currency. Specifically, smartphone penetration facilitates the digitalization of wallets, enabling individuals to store and
access e-CNY. The rise of e-commerce accelerates the digitalization of payment scenarios by offering concrete use cases for e-CNY in
everyday transactions. These components of digital infrastructure serve as critical preconditions for e-CNY’s adoption. Finally, our
findings provide practical implications for economies with different institutional structures. In countries with advanced electronic
payment systems, such as China, CBDCs constitute a natural progression of monetary digitalization. In contrast, economies with less
developed infrastructure may leapfrog directly from cash to CBDCs. In both cases, the success of CBDC adoption depends on the extent
to which the digital infrastructure can support enduring behavioral shifts away from physical cash.

2. Research design
2.1. Data and sample

In this study, we investigate how digitalization affects the development and implementation of e-CNY from both supply and de-
mand perspectives. Since e-CNY remains in the pilot stage, direct data is not available. Therefore, we employ the supply and demand of
physical cash as inverse indicators for the demand and supply of e-CNY. Given that e-CNY is intended to replace money in circulation,
the analyses conducted using these inverse indicators should provide meaningful inferences to e-CNY.

We conduct a provincial-level analysis using a sample of 31 Chinese provinces from 2011 to 2021. To control for unobserved time-
varying factors and province-specific time-invariant characteristics, we include both year and province fixed effects in the regression
models.

2.2. Variables construction

2.2.1. Measurement of e-CNY supply

Based on Cohen (2001), MO—comprising banknotes and coins directly issued by state authorities—serves as an indicator for
assessing changes in physical currency supply. We use MO, the most liquid form of currency, as the realized supply of physical cur-
rency, following the approach of Berger and Bouwman (2013). Based on the monetary substitution theory, a decline in physical
currency supply implies an increase in e-CNY supply. Since MO data is only available at the national level, we estimate the
provincial-level MO aggregates using national MO time series data and provincial bank branch distribution data in each year. Given
that bank branches serve as key centers for the distribution and recycling of banknotes, we assume that MO is allocated across
provinces in proportion to their respective market share of bank branches.? Based on this assumption, we estimate provincial MO as
national MO multiplied by each province’s bank branch market share for a given year. Subsequently, we calculate the MO-to-GDP ratio
to proxy physical currency supply, which in turn infers a reverse projection of e-CNY supply. This ratio is calculated by dividing the
estimated MO of each province in each year by its corresponding provincial GDP.

3 See figure 1 in Appendix A.

4 We acknowledge the potential limitation of estimating provincial-level MO and cash withdrawals using market shares of bank branches, as
regional variations in bank branches numbers may be driven by banking activities unrelated to cash business. To alleviate this concern, we collected
cross-sectional data on the distribution of ATMs across 31 provinces in China on May 1, 2022, by scraping publicly available map data using Python
(historical ATM distribution data from 2011 to 2021 were unavailable). Since ATMs are mainly used by retail customers for physical cash with-
drawals and deposits, we believe that the variations in ATM numbers across provinces can more accurately reflect the variations in cash reliance. We
found that the provincial-level ATM distribution in 2022 is highly consistent with the distribution of bank branches in the same year. To ensure
robustness, we repeated the scraping process in June 2025 and observed the same consistency. This lends credibility to our approach of propor-
tionally estimating provincial-level cash supply and demand based on the respective market share of bank branches.
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2.2.2. Measurement of e-CNY demand

The demand for CBDC will be influenced by trends in the usage of physical cash (Khiaonarong and Humphrey, 2019). In the absence
of a direct measurement for e-CNY, we use physical currency cash withdrawals as a proxy for physical cash demand, serving as an
inverse predictor of e-CNY demand. Given that changes of bank branches and ATMs reflect cash demand (Ueda, 2024), we estimate
provincial cash withdrawals by applying a method similar to our MO estimation, i.e. using national cash withdrawal data and the
market share of bank branches in each province to estimate the provincial cash withdrawal data. We use the ratio of cash withdrawals
to GDP (CashWithdrawal/GDP) as a measure of physical cash demand in each province in our main regression analysis. We argue that
the lower the ratio, the lower the demand for physical cash, and hence the higher demand for e-CNY.

2.2.3. Measurement of digitalization development

The evolving digitalization is captured by the Digital Financial Inclusion Index (PKU-DFIIC) developed by Peking University. We
employ two sub-indices of PKU-DFIIC, namely "Breadth of Coverage" and "Level of Digitalization" to measure digitalization from two
different dimensions.

We employ Digitalization Coverage to capture the breadth of digitalization. This measure highlights the interoperability between
traditional banking and digital payment platforms (e.g. Alipay). Digitalization Level assesses the convenience and affordability of digital

financial services across dimensions such as “Mobility”, “Affordability”, “Credit”, and “Convenience” S

2.3. Model specification

To examine the influence of digitalization on the demand and supply of e-CNY, we employ the following regression models [1-2].

MS;; = i + a1 DIndex;; + axControly, + y; + 8¢ + €t (€8]

MDy; = p;, + p,DIndex;; + p,Controly + p; + 6; + €; )

Where MS;, denotes physical currency supply in province i in year t. MD;, denotes physical currency demand in province i in year t.
Dindex; captures digitalization, encompassing both the digitalization coverage index and digitalization level index. Control; represents
a set of control variables, including Population; , GDPG;; OADR;, Education;; and CPI; . Following Barro and Lee (2013), we calculate
the education indicator using a weighted average method.® »; and &, are province fixed effect and year fixed effect, respectively.

To further investigate the factors contributing to digitalization development, we employ model [3] to assess the determinants of
digitalization coverage and level. Specifically, we test whether Mobile Phone penetration and E-commerce activity serve as the foun-
dational drivers for digitalization progression.

DIndexy = vy, + y1Flir + yoControlyy + p; + 6: + it 3

Where FI;, represents foundational drivers including Mobile Phone;; and E-commerce;;. Same set of control variables is included in
this model.

3. Empirical analysis
3.1. Descriptive statistics

We begin our analysis by reporting the summary statistics for the variables used in Table 1. The mean values of supply and demand
of physical cash are 0.108 and 1.016, and their ranges are 0.016-0.255 and 0.055-2.768 respectively. The mean value of Digital-
ization_Level is 3.008, with a standard deviation of 1.169, while Digitalization Coverage has a mean value of 2.116 and a standard
deviation of 1.039. These results demonstrate sufficient regional and temporal variations for regression analysis. Mobile Phone
penetration rate shows a mean value of 1.006 and a standard deviation of 0.248. E-commerce activity also varies considerably across
provinces, with a mean value of 1.089 and a standard deviation of 1.925.”

3.2. The impact of digitalization development on e-CNY supply

Table 2, Columns (1) and (3), report the contemporaneous impact of digitalization at time t on the supply of physical currency. Both
Digitalization_Coverage and Digitalization Level exhibit negative and significant coefficients (—0.066 and —0.044), confirming that
higher digitalization reduces physical currency supply. This suggests that as digital payment adoption increases, reliance on cash

5 We provide detailed descriptions of the indicators in Appendix B.

© The formula is given as follows: Education = [(No schooling population * 1 year) + (Primary school population * 6 years) -+ (Junior high school
population * 9 years) + (Senior high school population * 12 years) + (Undergraduate population * 16 years) + (Master population * 19 years)] /
Total population.

7 To test if our main regression models experience multicollinearity problem, we estimated the pairwise correlation of explanatory variables and
report the results in Appendix E. VIF tests are also conducted but results are not reported due to limited space. The tests show that all explanatory
variables have VIF values do not exceed 5, further confirming the validity of our regression models.
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Table 1

Descriptive statistics.
Variables Observation Mean Standard deviation Minimum Maximum
MS_ MO 341 0.108 0.041 0.016 0.255
MD _CashWithdrawal 341 1.016 0.537 0.055 2.768
Digitalization Coverage 341 2.116 1.039 0.020 4.334
Digitalization_Level 341 3.008 1.169 0.076 4.622
Mobile Phone 341 1.006 0.248 0.520 1.890
E-commerce 279 1.089 1.925 0.0221 14.271
Population 341 3.525 0.842 1.128 4.843
GDPG 341 0.099 0.052 —0.053 0.267
OADR 341 10.695 2.774 4.824 18.800
Education 341 9.166 1.121 4.220 12.680
CPI 341 4.628 0.012 4.606 4.667

This table provides the descriptive statistics for the variables used in the study. The sample includes 31 provinces in China from 2011 to 2021.
Comprehensive definitions of the variables are detailed in Appendix D.

declines immediately. We further examine how digitalization at current time t predicts future supply of physical currency at time t + 1
and present the results in Columns (2) and (4). We find that the impact of Digitalization Coverage and Digitalization_Level on money
supply weakens or disappears at time t + 1. The temporal dynamics revealed in the results highlight the short-lived impact of digi-
talization on physical currency supply. These findings are not unexpected, as the long-term supply of physical currency is ultimately
determined by central bank policy rather than market-driven digital adoption.

3.3. The impact of digitalization development on e-CNY demand

The results in Table 3 show that increasing digitalization significantly reduces physical cash usage, measured by CashWithdrawal/
GDP. As shown in Columns (1) and (3), both Digitalization Coverage and Digitalization_Level reduce the immediate demand for physical
cash, with a stronger effect associated with Digitalization Coverage. In Columns (2) and (4), we use a one-period forward measure to
assess digitalization’s impact on money demand. The results indicate that both variables remain statistically significant at time t + 1,
with Digitalization_Coverage consistently exerting a stronger effect. Since Digitalization Coverage captures the extent of reliance on
electronic payment platforms (e.g. Alipay), our results highlight the prominent role of advanced payment technologies in accelerating
the transition away from physical cash. With digitalization progression (e.g. mobile phones and electronic payment platforms), the
process of holding and using physical cash has become relatively less efficient, making e-CNY a more attractive alternative.

The results for control variables are generally consistent with those in Table 2. OADR remains positively associated with cash
demand, reflecting greater reliance on physical cash among older demographics. Additionally, we find that Population negatively
affects currency demand. As electronic payments become more cost-efficient in regions with larger populations, the shift from cash to
digital payments becomes more pronounced.

3.4. Infrastructure analysis for CNY digitalization

In our previous analyses, we have demonstrated that digitalization significantly reduces the reliance on physical currency from
both supply and demand perspectives. These findings suggest that digitalization can play a prominent role in promoting e-CNY as a
replacement for physical cash in circulation. We next investigate the key factors contributing to the digitalization progression in China,
with results reported in Tables 4 and 5. Panel A of Table 4 reveals a positive association between Mobile Phone usage and Digital-
ization_Coverage, indicating that widespread smartphone penetration significantly enhances digital access across provinces. This effect
persists when the forward measure of Digitalization_Coverage is used at time t + 1. Panel B indicates that while E-commerce shows some
association with Digitalization_Coverage, the relationship is not statistically significant.

In Panel A of Table 5, we find that E-commerce significantly enhances Digitalization Level, indicating that e-commerce development
boosts the digitalization capability. This impact remains significant in subsequent period (t + 1). However, Mobile_Phone appears to
have no significant effect on Digitalization_Level as shown in Panel B. These findings suggest that different infrastructure prerequisites
are required for different aspects of digitalization: mobile phone penetration is essential for expanding its breadth, while a well-
developed e-commerce environment plays a key role in improving its depth and sophistication.

3.5. Granger causality test

To strengthen our causal claims, we test the Granger causality relationship between digitalization indicators (measured by Digi-
talization_Coverage and Digitalization_Level) and supply and demand of physical cash. The results, reported in Table 6, show that both
dimensions of digitalization Granger-cause reductions in physical cash supply and demand at the 1 % significance level, with co-
efficients statistically significant at the 1 % level. These results support our main hypothesis that digitalization precedes the substi-
tution away from physical cash.
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Table 2
The influence of digitalization development on e-CNY supply.

Variables MS MO F.MS MO MS MO F.MS MO
@ (2 3 4

Digitalization_Coverage —0.066%** —0.045%*
(-3.673) (—2.286)

Digitalization Level —0.044** —0.029

(—2.194) (—1.482)

Population —0.008 —0.047 —-0.023 —0.079**
(—0.220) (-1.166) (—0.628) (—2.070)

GDPG 0.012 0.004 0.011 0.012
(0.378) (0.106) (0.336) (0.317)

OADR 0.003** 0.002 0.004+** 0.002*
(2.543) (1.558) (3.317) (1.835)

Education 0.005 —0.004 0.004 —0.005
(1.017) (-0.821) (0.862) (—0.888)

CPI 0.030 —0.116 0.090 —0.090
(0.136) (—0.505) (0.397) (—0.389)

Constant —0.101 0.858 —0.291 0.835
(—0.096) (0.795) (—0.271) (0.763)

Observations 341 310 341 310

Adj. R-squared 0.868 0.873 0.864 0.871

Province FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

This table presents the baseline result of the impact of digitalization coverage and digitalization level on physical currency supply. Columns (1) and
(3) show the results of the current period. Columns (2) and (4) present the regression for physical currency supply in t + 1 period. t-statistics are
presented in parentheses, where *, **, and *** denote significance at the 10 %, 5 %, and 1 % levels, respectively.

Table 3
The influence of digitalization development on e-CNY demand.

Variables MD_ CashWithdrawal F.MD_ CashWithdrawal MD._ CashWithdrawal F.MD_ CashWithdrawal
@ 2 3) 4

Digitalization_Coverage —0.625%* —0.869%**
(-2.173) (—2.790)

Digitalization_Level —0.013** —0.010*

(—2.183) (—1.689)

Population —0.038 —0.065 —0.053 —0.081*
(-0.132) (-0.427) (—0.335) (—1.896)

GDPG —0.551 —0.879%* —0.384 —0.769%*
(-1.512) (-2.174) (-1.135) (-2.130)

OADR 0.073%** 0.051%** 0.056%** 0.031
(3.696) (2.556) (2.739) (1.531)

Education 0.025 —0.173** 0.037 —0.161**
(0.305) (—2.146) (0.451) (—2.030)

CPI 3.464 5.682 2.565 4.921
(0.968) (1.586) (0.721) (1.399)

Constant —24.467 —32.081* —17.536 —24.937
(—1.453) (—1.895) (—1.044) (—1.498)

Observations 341 310 341 310

Adj. R-squared 0.806 0.815 0.809 0.822

Province FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

This table presents the baseline result of the impact of the digitalization coverage and digitalization level on physical currency demand. Columns (1)
and (3) show the results of the current period. Columns (2) and (4) present the regressions for paper currency demand in t + 1 period. t-statistics are
presented in parentheses, where *, **, and *** denote significance at the 10 %, 5 %, and 1 % levels, respectively.

4. Conclusion

Building on the existing theoretical frameworks on CBDCs, this paper provides empirical evidence that digitalization, measured by
its coverage and level, significantly reduces individuals’ reliance on physical cash, indicating a strong shift toward e-CNY. Smartphone
infrastructure broadens digitalization coverage, while e-commerce growth enhances the depth of digitalization. Together, these de-
velopments position e-CNY as a more attractive alternative to physical currency, reinforcing the inverse relationship between the two.
We also find that demographic factors influence this transition: provinces with larger populations support e-CNY adoption by
spreading infrastructure costs, whereas aging populations tend to retain a preference for cash.

Our results offer several implications. First, the digitalization of physical wallets and payment scenarios, enabled by widespread
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Table 4

The influence of infrastructure on digitalization coverage.

Finance Research Letters 85 (2025) 108001

Panel A. Mobile phone

Variables Digitalization_Coverage F. Digitalization_Coverage
@™ 2)
Mobile_Phone 0.227%*** 0.205%**
(5.052) (4.372)
Population 0.833*** 0.893***
(7.401) (7.747)
GDPG —0.077 —0.198*
(-0.751) (-1.736)
OADR —0.008** —0.006
(—1.993) (—1.582)
Education 0.007 —0.008
(0.433) (-0.524)
CPI —0.335 —0.228
(—0.482) (—0.324)
Constant -1.159 —1.249
(—0.354) (—0.376)
Observations 341 310
Adj. R-squared 0.998 0.998
Province FE Yes Yes
Year FE Yes Yes

Panel B. E-commerce

Variables Digitalization_Coverage F. Digitalization_Coverage
@™ )
E-commerce —0.001 —0.002
(—0.165) (—0.352)
Population 1.041%** 1.042%**
(7.232) (6.801)
GDPG -0.114 —0.251*
(—1.041) (—1.948)
OADR 0.002 0.003
(0.375) (0.591)
Education —0.002 —0.006
(-0.113) (—0.350)
CPI 0.222 —0.168
(0.305) (—0.220)
Constant —3.462 -1.125
(-1.012) (-0.312)
Observations 279 248
Adj. R-squared 0.997 0.996
Province FE Yes Yes
Year FE Yes Yes

This table presents the results of the influence of infrastructure on digitalization coverage. Panel A reports the
impact of the mobile phone penetration rate on digitalization coverage. Panel B reports the impact of e-commerce
on digitalization coverage. In both Panel A and Panel B, Column (1) shows the result of the current period.
Column (2) presents the regression for digitalization coverage in t + 1 period. t-statistics are presented in pa-
rentheses, where *, **, and *** denote significance at the 10 %, 5 %, and 1 % levels, respectively.
smartphone adoption and the rise of e-commerce, has created the necessary preconditions for currency digitalization. Second, from a
policy perspective, China’s e-CNY initiative has benefited from a uniquely centralized institutional environment, where strong top-
down policy coordination has enabled the rapid digital infrastructure deployment. This sets China apart from more liberal or
market-oriented economies. Although our findings are rooted in China’s context, the underlying mechanisms provide valuable insights
for CBDC adoption in other institutional settings. For future research, several topics merit exploration as more public data becomes
available. These include how CBDCs may reshape the macro-financial system through intensified deposit competition and banking
disintermediation risks (Agur et al., 2022; Fernandez-Villaverde et al., 2021), potential threats to financial stability (Brunnermeier and
Niepelt, 2019; Heitmann et al., 2025), and enhanced central banks’ control over monetary policy (Raskin and Yermack, 2018).
Furthermore, subsequent studies could explore the global implications of CBDC design choices, especially their impacts on
cross-border settlements and international monetary cooperation. Overall, our results suggest that the digitalization of CNY is both
conditional and inevitable, though overcoming developmental challenges will take time.
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Table 5
The influence of infrastructure on digitalization level.

Panel A. E-commerce

Variables 1) )
Digitalization_Level F. Digitalization_Level
E-commerce 0.082%** 0.097***
(5.960) (5.362)
Population 1.355%* 2.062%**
(2.457) (3.418)
GDPG —0.764* -0.213
(—1.825) (-0.419)
OADR 0.044+* 0.067***
(2.527) (3.544)
Education —0.129%* —0.028
(—2.006) (—0.402)
CPI 1.582 2.791
(0.569) (0.929)
Constant —8.905 -17.977
(—0.680) (—1.266)
Observations 279 248
Adj. R-squared 0.931 0.900
Province FE Yes Yes
Year FE Yes Yes

Panel B. Mobile Phone

Variables 1) )
Digitalization_Level F. Digitalization_Level
Mobile_Phone —0.213 —0.157
(-1.211) (—0.843)
Population 1.607%** 1.643%**
(3.654) (3.583)
GDPG —0.630 —0.313
(—1.563) (—0.690)
OADR 0.085%** 0.100%**
(5.659) (6.389)
Education —0.058 0.073
(—0.933) (1.153)
CPI 4.378 3.045
(1.609) (1.089)
Constant —25.484** —19.921
(—1.990) (-1.509)
Observations 341 310
Adj. R-squared 0.976 0.961
Province FE Yes Yes
Year FE Yes Yes

This table presents the impact of the e-commerce on digitalization level. Panel A focuses on e-commerce,
while Panel B analyzes mobile phone usage. In both panels, Column (1) shows current-period result, and
Column (2) shows the impact on in digitalization level in t + 1 period. t-statistics are presented in pa-
rentheses, where *, **, and *** denote significance at the 10 %, 5 %, and 1 % levels, respectively.

Table 6

Granger causality test of related variables.
Preorder Postorder Coef. HPJ Wald test P-value HPJ BIC
Digitalization_Coverage MS_MO 25.391 0.000 —2141.260
Digitalization_Level MS_MO (0.001) 31.095 0.036 —2145.349
Digitalization_Coverage MD_CashWithdrawal —0.176*** (0.022) 61.528 0.000 —824.465
Digitalization_Level MD_CashWithdrawal —0.110%** (0.012) 78.739 0.000 —801.767

This table shows the results of Granger non-causality tests between the preorder and postorder variables. The null hypotheses that the preorder
variables do not Granger-cause the postorder variables are all rejected at the 1 % level of significance. This suggests that digitalization dynamics
causes changes in cash-related metrics, supporting our baseline proposition. Values in parentheses are the standard errors. ***p < 0.01, **p < 0.05,
and * p < 0.1.
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Appendix A. Relationship between digitalization development and physical currency
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This figure illustrates the inverse relationship between China’s digitalization development—measured by digitalization coverage
and level—and the proportion of physical cash, as indicated by the declining MO/M1 ratio. The Digital Financial Inclusion Index,
calculated as national averages across 31 provinces by Peking University, represents digitalization progress.

Appendix B. Indicators of digitalization coverage and digitalization level®

Level 1 Level 2 Indicators’ Construction
Dimension Dimension
Digitalization Coverage(Breadth of Coverage) Account coverage rate Number of Alipay accounts owned by per 10,000 people

Proportion of Alipay users who have bank cards bound to their Alipay accounts
Average number of bank cards bound to each Alipay account

Digitalization Level(Level of Digitalization) Mobility Proportion of number of mobile payments
Proportion of total amount of mobile payments
Affordability Average loan interest rate for small and micro businesses
Average loan interest rate for individuals
Credit Proportion of number of Ant Check Later payments

Proportion of total amount Ant Check Later payments
Proportion of number of "Zhima Credit as deposit" cases
Proportion of total amount of "Zhima Credit as deposit"
Convenience Proportion of number of QR code payments by users
Proportion of the total amount/average amount of QR code payments by users

This table provides detailed descriptions of the indicators used to measure the breadth and depth of digitalization, as constructed by the Institute of
Digital Finance, Peking University. The Digitalization Coverage dimension reflects the extent to which digital financial services, represented by Alipay
usage, have penetrated the population. It includes indicators such as the number of Alipay accounts per 10,000 people, the proportion of users who
have linked bank cards, and the average number of bank cards linked per account. The Digitalization Level dimension evaluates the depth and quality
of digital financial usage across four aspects: Mobility, Affordability, Credit, and Convenience. These indicators jointly capture the level of digital
financial development in China. (Source: Institute of Digital Finance, Peking University).

8 Ant Financial offers a range of digital financial services including payment solutions, insurance, monetary funds, credit services, investment
opportunities, and credit assessment.
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Appendix C. Differences among e-CNY, traditional electronic payment, and MO
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Items

Form

Legal status
Issuer

Regulation
Liability

Privacy
(Anonymity)

Accessibility

Interest bearing

Economic
influence

E-CNY
Digital
Legal tender
Central bank

Central bank
Liability of central bank

Partial anonymity with conditional traceability

Universal(requires digital access)
Generally non-interest-bearing

Facilitates the effectiveness of monetary policy
transmission

MO (Cash)
Physical
Legal tender
Central bank

Central bank

Liability of central bank

Full anonymity

Universal

Non-interest-bearing

Conventional monetary policy

tool

Electronic Payments

Digital

Payment instrument without legal tender status
Commercial banks and non-bank payment
institutions

Multiple financial authorities

Liability of commercial banks or payment service
providers

Limited anonymity, with comprehensive
traceability

Requires Bank Account or Credit History
Potentially interest-bearing (account-based
conditions)

Influences monetary dynamics through spending
channels

This table outlines the key differences among e-CNY, MO (cash), and traditional electronic payments. Both e-CNY and MO are legal tenders and li-
abilities of the central bank, while traditional electronic payments are not legal tender and are issued by commercial entities. MO is physical and fully
anonymous, whereas electronic payments are digital, account-based, and offer limited privacy. Importantly, e-CNY, as a central bank digital currency,
combines features of both—offering digital legal tender with controlled anonymity and broader accessibility, while also supporting more efficient
monetary policy implementation.

Appendix D. Variable definitions

Variables

Definition

Data Source

MS MO,

MD_CashWithdrawal;

Digitalization_Coverage;,

t
Digitalization_Level;

Mobile_Phone;
E-commerce;
GDPG; ¢
Population;;
Education;
OADR;,

CPI,

Physical currency in circulation scaled by GDP, estimated using provincial bank

branches data.

Cash withdrawal scaled by GDP, estimated using the provincial bank branches data.

Breadth of digitalization coverage index.

Digitalization level index.

Mobile phone penetration rate (mobile phones per capita).

Per capita e-commerce transaction volume.
GDP growth rate.

Natural logarithm of population.

Per capita years of education.

Old-age Dependency Ratio, defined as the ratio of individuals aged 65 and over to the

total population.
Natural logarithm of consumer price index.

National Bureau of Statistics

People’s Bank of China annual reports
Peking University Digital Financial
Inclusion Index

Peking University Digital Financial
Inclusion Index

National Bureau of Statistics
National Bureau of Statistics
National Bureau of Statistics
National Bureau of Statistics
National Bureau of Statistics
National Bureau of Statistics

National Bureau of Statistics

Appendix E. Pairwise correlation matrix

Variables 1) 2 3) @ 5) ©) 7) ®) 9
(1) Digitalization_Coverage 1

(2) Digitalization _Level 1

(3) Mobile_Phone 0.680%*** 0.461%*** 1

(4) E-commerce 0.449%** 0.271%** 0.727%%* 1

(5) Population 0.065 0.032 —0.069 —-0.057 1

(6) GDPG —0.432%** —0.573%** —0.297*** —0.024 —0.074 1

(7) OADR 0.586%*** 0.473%** 0.321%** 0.287%*** 0.431%*** —0.273%*** 1

(8) Education 0.392%** 0.196 0.619%** 0.637%** 0.237%%* —0.263*** 0.455%** 1

(9) cpI —0.603%** —0.721%** —0.289%** —0.036 —0.058 0.485%** —0.322%** —0.147%** 1

This table presents the correlation matrix for the variables in the analysis. *, **, and *** indicate significance at the 10 %, 5 %, and 1 % levels,

respectively.

Data availability

Data will be made available on request.
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