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Abstract— Mobility is an essential prerequisite for social and economic connectivity, especially for residents of rural
environments who depend on public transport to access services in the city. Urban public transport plays a key role in ensuring
equal mobility opportunities, allowing rural communities regular access to jobs, education, healthcare and shopping centers.
This work analyzes the mobility and satisfaction of public transport users in Bitola, with special emphasis on line no. 14
connecting Scheherazade, Bistrica and Kravari with the city. Public transport in Bitola is operated by the Public
Transportation Enterprise, which serves multiple urban and suburban lines providing basic connectivity between rural and
urban areas. Line 14 is a significant transportation link for residents of the suburbs, especially those traveling for work,
education, health services and shopping. Through a survey conducted among the users, key problems such as irregularity of
buses, technical malfunction, insufficient informativity and poor road infrastructure were identified. Respondents suggested
improvements such as vehicle modernization, increased frequency, timely arrival, real-time information, and infrastructure
improvements. Research indicates that quality public transport is key to good mobility of rural residents and their integration
with the city of Bitola.

Keywords— Mobility, Rural areas, Public transport, Survey.

l. INTRODUCTION

Public transport in Bitola is the main transport network connecting the urban and suburban areas to the city center. The system
of public bus lines operated by private carriers allows mobility for a large part of the residents, without the need for their own
vehicle. In Bitola there are several bus carriers, namely: Luka EXPRESS, Transkop AD, Gopesh TRANS, Boby TURS, Gem
TURS [1].

To improve accessibility and practicality, in 2025 the Bitola City Bus application was introduced which allows checking the
schedule, map of lines and real-time tracking of buses [2]. Among the main bus lines in the network is line number 14, which
connects the suburbs/villages to the city center. Line 14 is crucial for residents of the periphery, as it provides access to services,
jobs and education that are not available in their place of residence. According to the announced train schedules, this line is
included as part of the municipal transport. Among the main bus lines in the network is line number 14 which connects the
suburbs/villages with the city center. Line 14 is crucial for residents of the periphery, as it provides access to services, jobs and
education that are not available in their place of residence. According to the announced train schedules, this line is included as
part of the municipal transport [3].

The village of Kravari is in the municipality of Bitola, about 5-6 kilometers from the center of Bitola. The village of Kravari
(Bitola municipality) according to the 2021 census has 819 inhabitants.

e  Of these, 423 are men and 396 are women;
e  Structure by age: 106 children (0 - 14), 556 adults (15 - 64) and 157 elderly people (65+) [4];

e Ethnically predominant Macedonians.
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e For comparison, according to the 2002 census, Kravari had 880 inhabitants, showing a decrease in population over
time.

The village of Kravari is located in the southwestern part of Bitola and is one of the larger suburban settlements in the
municipality of Bitola. Its strategic position allows good connectivity with Bitola and surrounding villages. Through Kravari
passes the local road Bitola - Kravari - Bistrica, which connects with the regional road to: Bistrica and the villages to Pelister,
the eastern part of the municipality of Bitola, and on to the villages that lead to Demir Hisar through the mountain passes. This
local road serves as a key junction for public transport (line 14) and for automobile traffic [5]. Figure 1 shows the location and
distance of Kravari village from Bitola.

FIGURE 1: The location and distance of Kravari village from Bitola
1. MATERIALS AND METHODS

For the purposes of this research, a quantitative method was applied by conducting a survey with the inhabitants of the village
of Kravari, who use or need line 14 of the public urban transport in Bitola. The methodology was designed to obtain relevant
and valid data on their daily movement, satisfaction with the service and the factors affecting their mobility. The main tool was
a survey composed of closed and open questions, divided into several thematic groups:

e demographic data (age, education, occupation, number of family members),
e motor vehicles (whether they own a car),
o travel habits (how often they travel, for what purposes, by what means of transport),

e use and perception of line 14, level of satisfaction with public transport,

identifying problems and proposing solutions.
This provided both numerical and descriptive data.

The target group were residents of Kravari. The survey was conducted with a random selection of respondents, providing a
representative sample by gender and age, to obtain real data on travel habits.

The survey was carried out: on the ground, with direct face-to-face questioning, one-day, at multiple locations in the village
(by households, around shops, bus stops, etc.). Such an approach allowed for greater openness and honesty of the respondents.
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First, we collected data on the rural environment of Kravari, whether they have a public urban transport service, which line it
crosses and in what time period.

Line 14 has 28 stations. It starts from Scheherazade, makes a full circle from Pedagogical Faculty, Hospital, City Park, goes
first to the village of Bistrica, then to the village of Kravari where it stops at three stops and then returns back through the stop
at the Railway Station, Karposh 4 to Bela Ceshma. The first public transport vehicle starts from the Scheherazade station at 6
a.m. and the last departure is at 7:30 p.m. The first vehicle in the rural area of Kravari, at the Kravari 1 stop is at 6:35 minutes,
the same vehicle is at an interval of 1 hour, i.e. at the same stop will be at 7:35 minutes.

At the same Kravari 1 stop, the public transport vehicle stops at 6:35 and 7:35 minutes, then the next stop is at 11:35 to 15
hours. The vehicles are transported at 1 hour distance, at 15 hours does not appear at the stop, also at 18 and 19 hours. This
analysis shows that the vehicles traffic with irregular frequency of movement, late or do not appear at all in the parking lot,
which makes the public urban transport less attractive for the inhabitants of Kravari. Figure 2 shows the line of public urban
transport No. 14, together with the stops [1].
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FIGURE 2: The line of public urban transport No. 14, together with the stops
1. RESULTS AND DISCUSSION
In a survey conducted by households, in the rural environment of Kravari the following outputs were obtained:
¢ In the survey, most respondents were women, 53% and 47% men.

o  Of those surveyed, 40% were aged between 36 and 65, 33% were over 65, 20% were aged between 18 and 36 and the
rest were under 18.

e Most of the respondents were pensioners 40%, unemployed 27%, employed 23%.

e The respondents had a secondary education and that 56%, the percentage of basic and higher were the same.
e  Most families have two or four members.

e When it comes to income, it usually ranges from 30.000,00 to 50.000,00 dinars, and above 50.000,00 denars.

e When asked how many family members are employed, most responded that they are not employed, and some one to
two of the members, and the same travel outside of Kravari to get to the workplace.

e Most of the respondents don't take a motorized trip.

e The families of the respondents did not have students or students traveling, and that's 70%, and those who have the
trip do it by public transport 23% and 7% by car.
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e To travel to Bitola as a means of transport they use the car, and the trip is done with the motive of protecting, for a
walk or for work. The motive for the journey is shown in Figure 3.

Kravari

Bmwork Mschool Whealth Wrecreation Wshopping Mvisiting ®other

0%

FIGURE 3: The motive for the journey
e  Of the vehicles offered, most of the respondents own a car and most have one in the family.

o If there's an on-call car, would you use it? A huge percentage will use it, 77%. Maybe 13%, not 10%. This is shown
in Figure 4.

If there's an on-call car, would you use it?

EYes MNo mMaybe

FIGURE 4: If there's an on-call car, would you use it?
e Usually, the trip to Bitola is done once at the bottom level.
e  The quality of the street network is considered good.
e Although public transportation is available, respondents rarely or never use it.
e To improve living conditions, they believe there should be more jobs, more income.

e Table 1 shows tabularly what are the problems with the public urban transport in Kravari [7].
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TABLE 1
PROBLEMS FACE WITH RURAL TRANSPORT?
What problems do you face with rural transport?
Non-regular city public transport
Failure of vehicles
Low frequency of vehicles
Small number of lines

Kravari

e Table 2 shows in tabular form the proposals for improving services and mobility [8-9].

TABLE 2
PROPOSALS FOR IMPROVING SERVICES AND MOBILITY

The proposals for improving services and mobility.

To have direct transport to Kravari, regular, to improve public transport, to increase the frequency, to educate the
population to use public transport, to publish the driving schedule, to have a direct line not to pass through Bistrica,

Kravari to have transport every 1h

Figure 5 shows a proposed urban public transportation line, which will run from Scheherazade to Kravari and there will
make a circular turn and return on the same route.

Bratin Dol

Dolno Orizari
GORNO ORIZARI
BpatuH Oon ROPHO OonHo
Tinovo OPU3APU Opw3apu
TpHoBo
R1311
: DOVLEDZ R1311
Dihovo AOBNEY
AuxoBo
Lavci eraclea Lyncestis
Jiiepo[e Nasuum "agpaKnea fllInHkecTue
nwxenone BUKOVS
LIVADI
BYKOBCLCKH
NUBARK
Bukovo R3333
bykoso : i
y Optichari
R2331 OnTuyapm
sﬂa
BUETpuya
lokukjani :
Zlokukjani Oleveni
5 3n0KyKaHu OnoEan
Google Map data ©2025

FIGURE 5: Shows a proposed urban public transportation line
V. CONCLUSION

Mobility is a key element in the development of any society, especially in rural environments where access to services, jobs
and institutions directly depends on the quality of public transport [10]. Urban public transport, as a sustainable transport
system, has the task of providing accessible, regular and economically beneficial movement of the population, thereby reducing
dependence on automobiles and encouraging more even regional connectivity [6].

In that direction, the village of Kravari, as one of the larger rural settlements near Bitola, has a real need for functional public
transport. Line No. 14, which runs on Scheherazade - Bistrica - Kravari, is the only public transportation option available to
residents. To get a glimpse of the real situation, a survey was conducted with the aim of determining the travel habits, the level
of satisfaction and the specific problems faced by the inhabitants of Kravari [12].

The results showed that although public transportation is available, a significant proportion of the population does not use it.
The reasons for this are numerous: traffic irregularities, delays, frequent cancellations, and bus-free hours. Due to these
shortcomings, residents often travel by their own car to Bitola, which reduces the role of public transportation as a sustainable
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and affordable alternative. The survey also provided clear suggestions for improvement.
The most common requests are:

e the introduction of a direct service to Kravari,

e increased frequency and regularity of traffic (every 1 hour),

e improvement of the quality of public transport and renewal of the fleet,

e publication of a clear and accessible driving schedule,

e the possibility that the line does not pass through Bistritca,

e educating the public on the benefits of using public transport.

In summary, the research indicates that the residents of Kravari have a real need for modern, efficient and affordable public
transport that will enable better mobility and greater functional connectivity with the city. The upgrading of Line 14 represents
a key step towards a sustainable transport system that will contribute to a better quality of life in rural areas.

V. RECOMMENDATION AND FUTURE SCOPE

Based on the research conducted and the survey results obtained, several measures can be proposed to improve the mobility
and quality of public transport on line No. 14 and in the village of Kravari in general:

5.1 Improving bus regularity and frequency:

Establish a stable schedule with buses running every 1 hour, allowing for greater predictability and use of public transport as
the primary transportation option.

5.2 Introducing a direct line to Kravari:

Many residents point out that routing through Bistrica prolongs travel time and creates unnecessary stops. The direct line
Scheherazade -Kravari would increase the efficiency and attractiveness of public transport.

5.3 Renewal and modernization of the fleet:

To provide a quality service, it is necessary to use technically correct, economical and comfortable vehicles that offer safety
and comfort to passengers.

5.4 Digital availability of the driving schedule:

Posting the timetable on a website, mobile app, social networks and putting up physical tables of the standings in the village.
The availability of information is key to increasing trust and use of the service [11].

55 Monitoring and controlling the operation of the line:

The carrier should regularly monitor the line, carrying out checks for delays, cancelled deadlines and technical problems, in
order to maintain continuity in the service.

5.6 Improvement of road infrastructure in Kravari:

Sanitation of the street network, and installation of appropriate signalling and lighting will increase safety, as well as the
possibility for public transport to operate without interruptions.

5.7 Educating residents on the benefits of using public transport:

There is a need to raise awareness of the environmental, economic and traffic benefits of using public transport, thereby
reducing congestion and pollution.

5.8 Introduction of additional carriers or alternative services:

If the existing carrier cannot provide sufficient frequency, the possibility of hiring other carriers or introducing minibus lines
should be considered.
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Abstract— The urgent deployment of micro hydropower (MHP) plants in the unelectrified villages and territories of the
Democratic Republic of Congo (DRC) is a critical strategic intervention to stimulate sustainable industrialization. Despite the
nation's immense hydropower potential, a profound energy deficit persists in rural areas, severely constraining socio-economic
development. This article argues that localized electrification via micro plants provides a clean, stable, and adaptable energy
solution tailored to rural communities. Employing a methodology that combines a literature review with field-based case
analysis from 14 localities across five provinces, the study demonstrates that MHP deployment can significantly improve
electricity access. The results indicate that this approach acts as a catalyst for job creation, fosters the development of local
agro-industrial and artisanal activities, and directly reduces energy poverty. The discussion underscores that realizing this
potential requires strong political commitment and the establishment of appropriate financing mechanisms. In conclusion,
prioritizing these decentralized energy infrastructures is an essential lever for achieving sustainable and inclusive
industrialization in the DRC.

Keywords— Micro hydropower plants; rural electrification; Democratic Republic of Congo; industrialization; renewable
energy; rural development; energy poverty.

l. INTRODUCTION

Access to reliable energy remains a primary impediment to socio-economic development in the Democratic Republic of Congo,
particularly in rural regions where electrification rates are critically low. This energy poverty not only hinders improvements
in basic living standards but also severely limits the local processing of abundant natural resources and the emergence of
productive industrial activities. Paradoxically, the DRC possesses exceptional hydrographic potential, with numerous streams
and rivers in landlocked territories offering ideal characteristics for micro hydropower generation. These lightweight, relatively
low-cost, and context-appropriate infrastructures represent a major opportunity to support decentralized industrialization,
stimulate job creation, and enhance community energy autonomy.

Given the scale of the energy challenge and the growing demand for electricity to power local production, the strategic
installation of micro plants presents a viable solution for accelerating integrated rural development. Their capacity to deliver
stable, renewable, and locally manageable energy makes them a crucial tool for territorial modernization. However,
successfully implementing this alternative requires a thorough analysis of the available potential, the attendant challenges, the
anticipated socio-economic impacts, and the enabling conditions needed for success. Consequently, this study aims to highlight
the urgency and relevance of promoting MHP installations in the DRC, proposing context-specific solutions and
recommendations to guide policymakers and practitioners.

1. MATERIALS AND METHODOLOGY

This study employs a mixed-methods approach, combining the analysis of secondary data from existing energy reports and
hydrological studies with primary data gathered through field observations and interviews conducted across 14 localities in
five provinces of the DRC.
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The methodological framework is designed to address the multifaceted nature of MHP project implementation, ensuring
environmental and social sustainability while aiming for economic viability. This framework encompasses several critical
phases:

First, a resource assessment is conducted to evaluate the hydraulic energy potential of a site, determining key parameters such
as flow rate and head to correctly size the plant. This is accompanied by environmental and social impact studies to minimize
negative consequences on local ecosystems and communities. The technical design phase involves the hydraulic engineering
of structures (dams, intakes, canals) suited to the local topography and flow characteristics, and the selection of appropriate
electromechanical equipment, such as turbines (typically in the 21 to 500 kW range for micro power), generators, and electrical
systems.

Subsequently, construction planning integrates consultation with local stakeholders and the design of compensatory measures
for affected populations. Following commissioning, which includes the installation and testing of all equipment, a core focus
is placed on capacity building. This involves training local community members in the operation, basic maintenance, and
management of the plant to ensure its long-term sustainability. Parallel to this, a comprehensive economic and financial
analysis is performed to evaluate project costs—which field data indicates range from $2,000 to $4,800 USD per kW—and
ensure long-term viability. Finally, regulatory coordination with relevant authorities is maintained throughout to secure all
necessary administrative authorizations.

1. RESULTS

The analysis of primary and secondary data yields several key findings that underscore both the potential and the current reality
of rural electrification in the DRC:

3.1 Underutilized Hydropower Potential:

The assessment reveals a significant and largely untapped local hydropower resource. In the surveyed areas, over 60% of
identified hydraulic sites possess an annual flow compatible with micro plant installations (10-500 kW). Direct measurements
from seven rivers showed consistent flows ranging from 1.2 to 12.5 md/s, confirming their technical suitability for low- and
medium-head turbine technology.

3.2 Profound Rural Energy Deficit:

The study documents a severe structural energy deficit. In 12 of the localities studied, actual access to electricity was below
8%, despite the presence of permanent watercourses capable of power generation. This deficit forces households to rely almost
exclusively on traditional biomass (fuelwood at 87% and charcoal at 9%), a dependency that accelerates deforestation and
environmental degradation.

3.3 Positive Socio-Economic Impacts of Existing MHP Projects:

Case studies of operational micro plants in communities such as Idjwi, Minova, Luvungi, and Lubero demonstrate
transformative effects. The primary impact has been a 35% to 70% increase in local agro-industrial production, including the
processing of flour, coffee, palm oil, and dairy products. Reliable electricity has also spurred the creation of energy-intensive
micro-enterprises in welding, carpentry, brick-making, and refrigeration, generating substantial new employment.
Furthermore, social services have improved markedly; for instance, health centers reported a 50% reduction in cold-chain
breaks for vaccines, and students benefited from an average increase of two hours of study time per day with electric lighting.

34 Project Viability and Performance:

The investigated MHP projects demonstrated encouraging economic and operational metrics. The installation costs were
observed to be between $2,000 and $4,800 per kW, with an estimated return on investment period of 3 to 5 years, varying by
the management model (cooperative, public-private partnership, or private entrepreneur). Notably, these plants maintained an
average operational availability rate of 92%, indicating a reliable and stable energy supply.

AV DISCUSSION
4.1 MHP as a Catalyst for Rural Industrialization:

The results confirm that micro-hydropower is a potent enabler of small- and medium-scale industrialization in rural territories.
By providing continuous, low-carbon, and locally managed power—a stark contrast to expensive and intermittent diesel
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generators—MHP fosters energy autonomy. This reliable electricity supply acts as a direct catalyst for adding value to local
production, particularly in agricultural processing, which constitutes over 60% of rural economic activity.

4.2 Technological and Contextual Suitability:

Micro plants are uniquely suited to the geographical and infrastructural realities of the DRC. Their relatively lightweight
components facilitate transport to remote, landlocked areas, and their low ecological footprint (avoiding the large reservoirs of
mega-dams) minimizes environmental impact. This makes them a more sustainable and scalable solution compared to isolated
solar home systems, which are often insufficient for powering continuous industrial loads.

4.3 Persistent Structural Bottlenecks:

Despite the confirmed technical and economic potential, significant barriers persist. These include security instability in eastern
regions, which deters investment; the absence of a specific national policy and regulatory framework for mini-grids and micro-
power, stalling public-private partnerships; limited access to financing for crucial preliminary studies; and a shortage of local
technical expertise in hydropower engineering. These obstacles highlight that a successful energy transition depends not only
on natural resources but also on concurrent institutional strengthening and human capacity development.

4.4 Strategic Opportunities for Alignment:

Significant opportunities exist to overcome these challenges. MHP development directly supports multiple Sustainable
Development Goals (SDGs 7, 8, 9, and 13). There is growing interest from international donors and development agencies
(e.g., African Development Bank, European Union, UNIDO) in decentralized renewable energy. Furthermore, MHP can serve
as the anchor for creating integrated rural industrial clusters and contribute to the socio-economic stabilization of fragile
regions.

V. RECOMMENDATIONS AND PHASED SOLUTIONS
To harness the potential of MHP for rural industrialization, a coordinated, multi-stakeholder approach is required.
5.1 Policy and Institutional Reforms:

It is imperative to develop and implement a specific regulatory framework for small-scale hydropower to de-risk and
incentivize private, community, and public investment. Energy planning centered on MHP must be harmonized with local and
regional development programs. Furthermore, the government should actively facilitate public-private partnerships (PPPs) to
share investment risks in challenging rural markets.

5.2 Technical and Capacity-Building Measures:

A national protocol for standardizing hydrological assessments should be established. Technology transfer and adaptation
programs should promote resilient, easy-to-maintain equipment suited to the Congolese context. Creating regional technical
maintenance units and developing local training programs are essential to ensure the long-term operational sustainability of
installations.

5.3 Integrated Socio-Economic and Ecological Planning:

Support should be provided to develop robust local energy management entities, such as cooperatives. Financing and business
development services must be channeled to help establish agro-processing and artisanal units that utilize the new electricity
supply. All projects must prioritize low-impact civil works and be subject to streamlined yet rigorous environmental impact
assessments to protect aquatic and riparian ecosystems.

54 Phased Implementation Roadmap:

e Short Term (0-3 years): Focus on rapid identification of priority sites, implementation of pilot projects to validate
models, securing targeted financing for equipment, and training local technicians for daily operations.
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e Medium Term (3-7 years): Scale up to develop formal rural mini-grids, promote the creation of dedicated agro-
processing hubs, establish sustainable financial instruments (e.g., micro-credit, results-based subsidies), and
strengthen community governance structures for energy systems.

e Long Term (7-15 years): Plan for the strategic interconnection of mature mini-grids with the national grid, foster a
local manufacturing industry for hydropower components, establish a national center of excellence for small
hydropower research and training, and fully integrate MHP into the national industrial development strategy.

VI. CONCLUSION

Micro hydropower plants represent a reliable, economically viable, and socially transformative energy solution for the rural
DRC. The evidence presented demonstrates that their strategic development is an urgent priority to stimulate local
industrialization, secure essential social services, reduce destructive energy dependency, create durable jobs, and strengthen
overall community resilience. Given the country's exceptional hydrographic endowment, a concerted national policy to
accelerate small hydropower—buttressed by innovative financing and dedicated local capacity building—has the potential to
fundamentally transform the rural economic landscape. The path to inclusive and decentralized industrialization in the
Democratic Republic of Congo is inextricably linked to this decentralized energy transition.
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Abstract— Against the backdrop of a deepening aging population in China, the elderly face significant challenges in terms of
old-age security. The development of the digital economy presents new opportunities for optimizing their financial asset
allocation; however, technological barriers and insufficient financial literacy remain major obstacles. Based on data from the
2019 China Household Finance Survey (CHFS), this paper systematically analyzes the impact of household digital economy
participation on the financial asset allocation of the elderly. The empirical results indicate that the digital economy can
significantly optimize the asset allocation structure of the elderly by enhancing financial literacy, increasing attention to
financial information, and strengthening risk tolerance. This effect is more pronounced in urban households and business-
owning households. Based on these findings, this paper proposes improving age-friendly digital infrastructure and financial
education systems, as well as optimizing information services and product supply mechanisms, to effectively translate the benefits
of the digital economy into tangible improvements in the well-being of the elderly.

Keywords— Digital Economy; Elderly Population; Financial Asset Allocation.

l. INTRODUCTION

With the increasing aging of China's population, the elderly population faces growing retirement risks. The issue of wealth
management for the elderly has become increasingly prominent, and how to rationally allocate financial assets to ensure the
quality of life in old age has become an urgent social problem. Simultaneously, the elderly population generally faces significant
challenges in financial asset allocation: on the one hand, deepening societal aging increases pension pressures, with insufficient
pensions and rising medical costs making their financial management needs more urgent; on the other hand, limitations such as
single income sources, insufficient financial knowledge, and narrow investment channels make it difficult for them to make
rational investment decisions. Although financial markets offer opportunities for wealth appreciation, most households,
especially the elderly, remain under-participants. In recent years, the rapid rise of the digital economy has profoundly changed
the forms and content of financial services. The proliferation of technologies like internet finance, mobile payment, big data, and
artificial intelligence has broken the spatiotemporal constraints of traditional financial services, providing new financial service
platforms for the elderly. These emerging technologies make financial asset allocation more convenient and diverse, particularly
as internet finance offers the elderly more direct, low-cost investment channels and wealth management tools. However, many
elderly still face technological barriers and knowledge gaps in applying digital technologies and allocating financial assets,
placing them at a disadvantage within the digital economy and preventing them from fully leveraging these technological
advantages to optimize household financial asset allocation. Against the backdrop of an increasingly aging population, how to
use the digital economy to promote optimized financial asset allocation and enhance the welfare of the elderly has become a
pressing practical issue. Therefore, this paper focuses on analyzing the impact of household digital economy participation on the
financial asset allocation of the elderly, explores its specific mechanisms, and proposes corresponding policy recommendations
considering the challenges faced by the elderly. Based on the above analysis, this paper utilizes data from the 2019 national
micro-household survey conducted by the China Household Finance Survey (CHFS) at Southwestern University of Finance and
Economics to explore the impact of household digital economy participation on the financial asset allocation of the elderly. The
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study finds that digital economy participation significantly optimizes the financial asset allocation of the elderly. Mechanism
analysis shows that digital economy participation primarily optimizes elderly financial asset allocation by enhancing attention
to financial information, improving financial literacy, and increasing risk tolerance. Heterogeneity analysis results indicate that
the optimizing effect of digital economy participation on household financial asset allocation is more pronounced in urban
households and households engaged in business or industry. Further research finds that optimized financial asset allocation
enhances the welfare level of the elderly. The marginal contributions of this paper are as follows: First, it examines the specific
impact of household digital economy participation on the financial asset allocation of the elderly from a micro perspective.
Existing literature on the impact of the digital economy on financial asset allocation mostly focuses on prefecture-level city
digital economy indices. Second, it enriches the research framework on the digital economy and household financial asset
allocation. By focusing on the unique needs of the elderly in the digital economy environment, this paper provides targeted
suggestions for policymakers aimed at promoting financial inclusion for the elderly and enhancing the effectiveness of their
asset allocation. This offers a new perspective for research on the digital economy and household financial asset allocation.
Third, it explores the impact of financial asset allocation on the welfare level of the elderly. By analyzing the effect of digital
economy participation on the financial asset allocation of the elderly, this paper further examines how optimized asset allocation
enhances their welfare level.

Il. LITERATURE REVIEW AND THEORETICAL ANALYSIS
2.1 Literature Review:

The rapid development of the digital economy has become an important force driving economic transformation. With the
widespread application of big data, cloud computing, artificial intelligence, and mobile internet technologies, the digital economy
has penetrated deeply into various industries. Particularly in the financial sector, the digital economy provides strong support for
the innovation and popularization of financial services (Wu Yu et al., 2021). The digital economy not only improves the
efficiency of financial services but also reduces transaction costs in the traditional financial system through innovative business
models, enhancing the accessibility and convenience of financial services (Zhang Lingshuang et al., 2023).Financial asset
allocation is a core issue in household financial decision-making, involving the rational distribution of household assets across
different financial products to achieve an optimal balance between risk and return. When allocating financial assets, households
are influenced not only by wealth level and income sources but also closely related to financial knowledge and literacy (He
Zongyue et al., 2020). For instance, households with higher financial literacy are typically able to make more rational choices
among various investment products (Zhou Guangsu and Liang Qi, 2018). Furthermore, factors such as financial market
accessibility, information asymmetry, and household risk attitude also significantly impact the efficiency and effectiveness of
asset allocation (Wei Xianhua et al., 2014). With the continuous development of fintech and digital finance, household asset
allocation strategies have become more flexible and diverse, a trend particularly evident among highly educated and high-income
households (Wang Xiaohua et al., 2023). The impact of the digital economy on household financial asset allocation is gradually
increasing. The application of digital technology not only enhances households' ability to access financial product information
but also reduces the time and transaction costs associated with financial decisions, thereby improving the efficiency of household
investment decisions (Wu Yu et al., 2021). Especially driven by digital inclusive finance and fintech, households can not only
easily access various financial products but also configure them personally according to their needs, optimizing their risky asset
portfolios (Zhang Xun et al., 2020). The widespread application of the digital economy has improved the accessibility of
household financial services. Particularly with the promotion of fintech, financial participation among low-income households
and in rural areas has significantly increased (Peng Yanling et al., 2022). However, some studies also point out that the digital
divide and information asymmetry may negatively affect the elderly population, as their participation in the digital economy is
relatively low, potentially limiting the effectiveness of their financial asset allocation (Zhu Wenpei and Lin Yi, 2024).Existing
research primarily focuses on the impact of the digital economy on financial asset allocation at the prefecture-level city level,
with few studies exploring the specific effect of household digital economy participation on the financial asset allocation of the
elderly from a micro, household perspective. Especially considering the unique needs of the elderly in the digital economy
environment, relevant literature is relatively scarce, lacking in-depth analysis of the effectiveness of their financial asset
allocation and the improvement of their welfare levels. Therefore, this paper will explore the relationship between household
digital economy participation and the financial asset allocation of the elderly from three aspects: the overall impact, the
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mechanisms of impact, and heterogeneous effects, and further analyze the impact of financial asset allocation on the welfare of
the elderly.

2.2 Theoretical Analysis and Research Hypotheses:

With the rapid development of the digital economy, the model of financial services has undergone significant changes, especially
for household financial asset allocation, as the digital economy provides more flexible and diverse options. For the elderly,
digital technology not only offers more opportunities to participate in financial markets but also promotes the transformation of
their financial behaviors. However, how the digital economy affects the financial asset allocation of the elderly remains a
question worthy of in-depth study. This research will focus on factors such as financial literacy, attention to information, and
risk preference, and propose the following research hypotheses based on existing literature and theoretical frameworks. The
rapid development of the digital economy has broken down the information barriers in traditional financial markets, making it
easier for households, especially the elderly, to access information about financial products. According to information asymmetry
theory, market participants usually face problems of asymmetric information acquisition, leading to decision-making biases and
risks. However, with the popularity of digital platforms, the elderly can obtain detailed information about various financial
products, market dynamics, and related investment analyses through the internet, thereby enhancing their market cognition and
trust and optimizing their asset allocation decisions. Participation in the digital economy helps alleviate information asymmetry
problems, lowers the threshold for information acquisition, and enables the elderly to make more rational and diversified asset
allocation decisions based on more transparent and comprehensive market information (Zhang Lingshuang et al., 2023).
Accordingly, the first hypothesis is proposed:

H1: Participation in the digital economy can optimize the financial asset allocation of the elderly. Information processing theory
emphasizes that the quality of an individual's decisions is directly affected by the availability of information and their ability to
process it. In the traditional financial system, the elderly often face difficulties in accessing information and have limited
information channels. In the context of the digital economy, the volume of information has exploded. The elderly can easily
access information about various financial products through digital platforms, including yield rates, risk analysis, and market
trends. The increased availability and transparency of this information enable the elderly to understand the advantages and
disadvantages of different financial products more comprehensively (Chen Nanxu et al., 2024). Therefore, the digital economy,
by increasing the elderly's attention to financial information and enhancing their information processing capacity, prompts them
to make more rational and scientific decisions in asset allocation. Furthermore, digital platforms can push personalized financial
information and wealth management products based on the interests and needs of the elderly, further stimulating their interest
and participation in financial markets, thereby optimizing their financial asset allocation (Zhou Li et al., 2024). Based on this,
the second hypothesis is proposed:

H2: The digital economy optimizes the financial asset allocation of the elderly by enhancing their attention to financial
information. Financial literacy theory holds that an individual's level of financial knowledge plays a crucial role in their
investment decisions. Individuals with higher financial literacy are usually better able to understand the relationship between
risk and return, and identify and avoid potential risks in investments. However, the elderly are generally relatively weak in
financial literacy and lack systematic financial knowledge, making their asset allocation decisions susceptible to emotions or
market noise, leading to decision-making errors. The rapid development of the digital economy, especially the popularization of
online courses, videos, e-books, and investment tools, provides the elderly with more convenient ways to acquire financial
knowledge. The elderly can learn about finance and improve their financial literacy at home or anywhere, effectively optimizing
their asset allocation behavior, enabling them to make more rational and scientific decisions when facing complex financial
markets (Yin Zhichao et al., 2015). The improvement in financial literacy allows the elderly to better understand the workings
of financial markets, the risk characteristics of financial products, and financial strategies, thereby enhancing their judgment and
decision-making ability in asset allocation (Wang Yake et al., 2024). Accordingly, the third hypothesis is proposed:

H3: The digital economy optimizes the financial asset allocation of the elderly by enhancing their financial literacy. According
to risk preference theory, an individual's risk tolerance plays a vital role in their financial decisions. Especially when facing
complex financial markets, individuals or households with higher risk preference tend to choose more diverse investment
products and are willing to bear higher risks to achieve higher returns. In the context of the digital economy, if the elderly have
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a higher risk preference, they may be more willing to participate in investments through digital platforms, particularly in higher-
risk financial products such as stocks, funds, or other derivatives (Li Tao and Guo Jie, 2009). Digital platforms, by offering a
rich selection of financial products and real-time market information, make it easier for the elderly to assess investment risks
and make decisions. Therefore, this study proposes the fourth hypothesis:

H4: Risk preference plays a positive moderating role in the impact of the digital economy on the financial asset allocation of the
elderly.

1. RESEARCH DESIGN
3.1 Data Description:

This study utilizes data from the 2019 China Household Finance Survey (CHFS). This annual survey covers 29 provinces
(autonomous regions, and municipalities) in China, comprising detailed information from over 40,000 households, including
basic demographic characteristics and asset allocation. Based on the research objectives, this paper focuses on the financial asset
allocation behavior of elderly households. Therefore, the sample is restricted to households where the head of the household is
aged 60 or above. After screening, a final valid sample of 9,408 households is obtained (2). Model Specification and Variable
Design to test Hypothesis 1, that household digital economy participation can optimize the financial asset allocation of elderly
households, and to eliminate regional differences between cities, a fixed effects model is used to estimate the impact of household
digital economy participation on the financial asset allocation of the elderly. The baseline model is defined as follows:

Pensionfinance; = ay + a;Dig; + a,X; + u; + € Q)

In Equation (1), Finance_i represents financial asset allocation,Dig;represents household digital economy participation,X; is a
vector of control variables, i denotes the household, ¢ represents city fixed effects, and ¢;is the random error term.1. Dependent
Variable: Financial Asset Allocation Following the approaches of Zhu Wenpei and Lin Yi (2022), Wang Xiaohua et al. (2023),
and others, financial asset allocation is measured from the following three aspects:(1)Variety of Financial Assets: The CHFS
questionnaire covers eight types of financial assets: deposits, stocks, funds, wealth management products, bonds, non-RMB
assets, precious metals, and financial derivatives. For each type of financial asset, a value of 1 is assigned if the household holds
that asset, otherwise 0. These values are then summed to obtain the total number of different types of financial assets held by the
household (2). Scale of Financial Assets:This is represented by the natural logarithm of the total value of financial assets held
by the household. Although financial asset scale strictly speaking does not fall within the scope of asset allocation, it reflects the
overall level of household wealth and has a significant impact on the financial stability and consumption capacity of elderly
households. In the context of the digital economy, an increase in the scale of financial assets provides the elderly with more
investment opportunities and income sources, thereby indirectly influencing their asset allocation decisions. Thus, this indicator
is included in the measurement of financial asset allocation in this paper (3). Diversification of Financial Assets: The degree of
pension financial asset diversification is calculated using the asset diversification formula proposed by Shin et al. (2017):
Diversification =, where’s_j represents the proportion of the j-th financial asset in the total financial assets.

3.2 Core Explanatory Variable: Digital Economy Participation:

This study focuses on the micro-household level, examining the extent of household participation in the digital economy from
the perspective of household actors, and constructs a household-level digital economy participation index. Drawing on the
research approach of Zhao Tao et al. (2020), this paper selects five specific indicators for measurement: (1) Credit card usage,
assigned a value of 0 or 1 based on whether the household uses credit cards; (2) Online shopping expenditure, measured as the
logarithm of the total household online shopping expenditure in the previous year; (3) Communication expenses, represented by
the logarithm of the household’s annual communication expenditure; (4) Whether household members are employed in digital
economy-related industries, with industry matching based on the Statistical Classification of the Digital Economy and Its Core
Industries (2021)and assigned a value of 0 or 1; (5) Smartphone usage, assigned a value of 0 or 1 based on whether household
members use smartphones. The specific composition of each indicator is shown in Table 1. On this basis, this paper employs
factor analysis to synthesize the above indicators into a comprehensive index, aiming to reduce redundancy among the indicators
and more comprehensively and accurately reflect the overall level of household participation in the digital economy.
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TABLE 1
CONSTRUCTION OF THE DIGITAL ECONOMY INDICATOR SYSTEM
Primary Indicator Secondary Indicator Variable Description
Credit Card Usage No=0, Yes=1
Online Shopping Expenditure Logarithm of last year's online shopping expenditure
Digital Economy Communication Expenses Logarithm of last year's communication expenses

Participation Employment in Digital Economy No household member employed in digital economy

Industries industries =0, Yes =1
Smartphone Usage Does not use smartphone = 0, Uses smartphone = 1

3.3 Control Variables:

To exclude other potential factors influencing financial asset allocation and improve the accuracy and reliability of the model
estimation, this paper includes the following control variables: Household head characteristics include gender, age, education
level, marital status, and health status. Household-level control variables include household registration type (hukou), household
size, annual household income, and social insurance. By incorporating household head characteristics and household-level
control variables, potential interference from individual and family background on financial asset allocation can be effectively
controlled, thereby more accurately identifying the independent impact of digital economy participation on financial asset
allocation. Variable definitions are shown in Table 2. Descriptive statistics are presented in Table 3.

TABLE 2
VARIABLE DEFINITIONS
VETTED Variable Name Variable Description
Type
Number of types among the following financial assets held: deposits, stocks,
Types of Financial funds, financial wealth management products, bonds, financial derivatives, non-
Assets RMB assets, internet wealth management products, precious metals (one or
Explained _ more)
Variables Scalezfsgaltr; ancial Logarithm of the total value of household financial assets held
F|_nanc!a_l Agset Degree of financial asset diversification calculated according to Equation (1)
Diversification
Explanatory Digital Economy .
Variable Participation Measured by factor analysis
Age Age in years
Marital Status Unmarried = 0, Married = 1
Gender Male = 1, Female =0
No schooling = 1, Primary school = 2, Junior high school = 3, Senior high school
Education Level =4, Vocational/technical high school = 5, College/associate degree = 6,
Bachelor's degree = 7, Master's degree = 7, Doctoral degree = 8
Control
Variables Health Status Very poor - Very good (1-5)
Household
Registration Type Rural =1, Urban =0
(Hukou)
Household Size Total number of household members
Annual Household Logarithm of annual household income
Income
Social Insurance Has social insurance = 1, Does not have = 0
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TABLE 3
DESCRIPTIVE STATISTICS
Variable Observations | Mean | Std. Dev. | Min Max
Types of Financial Assets 9408 1.266 0.886 0 7
Scale of Financial Assets 9408 11.839 2.831 0 16.695
Financial Asset Diversification 9408 0.725 0.425 0 1
Digital Economy Participation 9408 0.318 0.187 0 1
Average Digital Economy Participation in Same Community 9408 0.318 0.101 0 1
Age 9408 68.386 6.553 60 95
Marital Status 9408 0.807 0.395 0 1
Gender 9408 0.727 0.446 0 1
Education Level 9408 3.004 1.442 1 9
Health Status 9408 3.085 0.992 1 5
Household Registration Type (Hukou) 9408 0.345 0.475 0 1
Household Size 9408 2.487 1.392 1 15
Annual Household Income 9408 10.312 1.35 0.693 | 14.509
Social Insurance 9408 0.632 0.482 0 1
Risk Preference 9408 1.409 0.857 1 5
Financial Information Attention 9408 1.761 1.039 1 5
Financial Literacy 9408 0 1 -0.519 | 5.306
Engaged in Industry/Commerce 9408 0.045 0.208 0 1
City Classification 9408 2171 0.898 1 3

34 Instrumental Variable:

Although the model controls for city fixed effects to avoid omitted variable issues at the city level, the factors influencing the
financial asset allocation decisions of the elderly are complex and difficult to fully control for in the model. There may be other
unobservable factors that simultaneously affect digital economy participation and financial asset allocation, i.e., an omitted
variable problem. Furthermore, this study may also face a bidirectional causality issue, which refers to the possibility that
households with higher levels of financial asset allocation may participate more actively in digital economic activities. To address
these two endogeneity problems, and referencing the approaches of Zhu Jingjing (2024) and Wang Chen et al. (2025), the
average level of digital economy participation of other households in the same community is used as an instrumental variable.
On one hand, this community environmental characteristic is correlated with the individual household's participation level; on
the other hand, it is independent of the specific household's financial asset allocation decisions, satisfying the relevance and
exogeneity requirements of an instrumental variable.

V. EMPIRICAL RESULTS AND ANALYSIS
4.1 Benchmark Regression Results and Analysis:

To test the robustness of the research findings, this paper employs a stepwise regression method to examine the relationship
between household digital economy participation and the financial asset allocation of the elderly. The benchmark regression
results (Table 4) show that household digital economy participation has a significant positive impact on the financial asset
allocation of the elderly. After including all control variables and controlling for city fixed effects, the regression coefficients
for digital economy participation on the types, scale, and diversification of financial assets are 1.132, 1.642, and 0.209,
respectively, all significant at the 1% level. This indicates that household participation in the digital economy helps increase the
diversity and scale of financial asset allocation among the elderly and optimizes their asset structure, supporting Hypothesis 1.
Regarding control variables, the coefficient for the household head's education level is significantly positive, suggesting that
households with higher educational attainment possess stronger information identification and processing capabilities, which
helps improve the efficiency of financial asset allocation. The health status of family members also has a positive impact on
financial asset allocation. Furthermore, higher household income levels are associated with more optimized financial asset
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allocation, reflecting that higher-income households exhibit greater diversification in their asset portfolios. This result is
consistent with the findings of Chen Binkai and Li Tao (2011).

TABLE 4
BENCHMARK REGRESSION OF DIGITAL ECONOMY AND HOUSEHOLD FINANCIAL ASSET ALLOCATION
Types of Financial Scale of Financial Financial Asset
Variable Assets Assets Diversification
-1 -2 -3
o o 1.342%** 1.132%** 3.584***
Digital Economy Participation
-0.048 -0.057 -0.149
0.005***
Age
-0.001
-0.040*
Gender
-0.021
0.081***
Education Level
-0.007
0.109***
Marital Status
-0.024
0.048***
Health Status
-0.008
Household Registration Type 0.017
(HUkOU) -0.024
-0.042***
Household Size
-0.007
0.061***
Annual Household Income
-0.008
-0.025
Social Insurance
-0.022
Observations 9408 9408 9408
City Fixed Effects Yes Yes Yes

4.2 Robustness Tests:

Following the benchmark regression analysis, to ensure the robustness and reliability of the results, this paper conducts a series
of robustness tests, including replacing the measurement method of the explanatory variable, excluding extreme values, and
changing the econometric model. These methods aim to verify the consistency of the regression results under different data
processing and model specifications. Through these tests, the interference of outliers can be eliminated, ensuring the stability of
conclusions under various circumstances and enhancing the reliability of the results. 1. Replacing the Measurement Method of
the Explanatory Variable To examine whether the benchmark regression results are affected by the variable measurement
method, this paper further reconstructs the household digital economy participation index using the entropy method for
robustness testing. The regression results in Table 5 show that after replacing the measurement method of the core explanatory
variable, household digital economy participation still has a significant positive impact on the types, scale, and diversification
of financial assets at the 1% significance level. This is consistent with the benchmark regression conclusions, indicating that the
research findings of this paper are robust.
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TABLES
REPLACING THE MEASUREMENT METHOD OF THE EXPLANATORY VARIABLE
. . . Scale of Financial Financial Asset
Variable Types of Financial Assets Assets Diversification
Digital Economy 0.052%** 0.081*** 0.011%**
Participation -0.003 -0.01 -0.002
Control Variables Yes Yes Yes
City Fixed Effects Yes Yes Yes
Observations 9408 9408 9408

4.3 Changing the Econometric Model:

To ensure the reliability of the conclusions, this paper replaces the OLS model with the Double Machine Learning (DML) model
to test the robustness of the benchmark regression results. Compared with traditional regression methods, the DML model can
effectively control biases caused by confounding variables and improve the accuracy and robustness of causal inference in
scenarios with high-dimensional covariates or potential nonlinear relationships. Particularly when dealing with issues including
multidimensional control variables, complex interaction terms, and uncertainty in variable selection, DML offers greater
flexibility and estimation consistency. Therefore, selecting this method as a robustness test tool can more fully identify the actual
impact of digital economy participation on the financial asset allocation of the elderly. The regression results (see Table 6) show
that after changing the econometric model, the core coefficients remain significant and positive, further verifying the robustness
of the conclusions in this paper.

TABLE 6
CHANGING THE ECONOMETRIC MODEL
Variable Types of Financial Scale of Financial Financial Asset
Assets Assets Diversification
o L 0.178*** 0.260*** 0.031***
Digital Economy Participation
-0.013 -0.033 -0.006
Machine Learning Model Random Forest Random Forest Random Forest
Control Variables Yes Yes Yes
Observations 9408 9408 9408
4.4 Excluding the Influence of Extreme Values:

To avoid the influence of sample extreme values on the regression results, this paper applies a bilateral 5% winsorization to the
original sample. The results, shown in Table 7, indicate that household digital economy participation significantly increases the

scale, enriches the types, and enhances the diversification of financial assets, demonstrating the robustness of the regression
results.

TABLE 7
EXCLUDING EXTREME VALUES
Variable Types of Financial Scale of Financial Financial Asset
Assets Assets Diversification
o S 0.199*** 0.280*** 0.038***
Digital Economy Participation
-0.01 -0.033 -0.006
Control Variables Yes Yes Yes
City Fixed Effects Yes Yes Yes
Observations 9408 9408 9408
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45 Instrumental Variable Model:

Table 8 reports the estimation results of the instrumental variable (IV) method. In the first-stage regression, the F-statistic of the
instrumental variable is 656.460, far exceeding the common critical value, indicating no weak instrument problem. The Wald
test is significant at the 1% level, further rejecting the null hypothesis of exogenous explanatory variables and confirming the
validity of the instrument. After controlling for endogeneity, the marginal effects of digital economy participation on the types,
scale, and diversification of financial assets are 7.935, 0.360, and 1.152, respectively, all significant at the 1% level, further
confirming the robust positive effect of household digital economy participation on the financial asset allocation of the elderly.

TABLE 8
RESULTS OF THE INSTRUMENTAL VARIABLE MODEL
Second-Stage Regression: Financial Asset

First-Stage Regression

. Allocation
Variable Digital Economy
Participation Types of Financial Assets
Avg. Digital Econ. Participation in Same 0.2227***
Community -0.016
- N 7.935%**
Digital Economy Participation
-1.229
Control Variables Yes Yes
City Fixed Effects Yes Yes
Observations 9408 9408
First-Stage F-statistic 656.46
Wald Chi2 Test 1664.418
P-value 0

V. MECHANISM AND HETEROGENEITY ANALYSIS
5.1 Mechanism Analysis:

The research conclusions above indicate that household digital economy participation has a positive effect on optimizing the
financial asset allocation of the elderly. Based on the theoretical analysis of the impact pathways of household digital economy
participation presented earlier, this paper further empirically verifies its mechanism, exploring howhousehold digital economy
participation optimizes the financial asset allocation of the elderly. Specifically, combining the two mediating variables proposed
in the theoretical analysis—financial literacy and financial information attention—a mediation effect model is constructed for
empirical testing to identify the impact pathways and transmission mechanisms of digital economy participation on the financial
asset allocation of the elderly. 1. Financial Literacy Lusardi (2005) first proposed the measurement indicators for financial
literacy, primarily involving three basic financial questions: compound interest, inflation, and risk diversification (measurement
result is basic financial literacy). As financial products have become more complex, the measurement of financial literacy has
been linked to investment portfolios. Rooij et al. (2011) expanded the measurement indicators for financial literacy, using
questions related to stocks, funds, bonds, and insurance to measure respondents' advanced financial literacy. Therefore, this
paper constructs a financial literacy index based on the following four questions from the CHFS questionnaire: (1) Interest:
Assuming the bank's annual interest rate is 4%, if you deposit 100 yuan for a one-year term, what will be the principal and
interest received after one year? (2) Inflation: Assuming the bank's annual interest rate is 5% and the annual inflation rate is 3%,
after depositing 100 yuan in the bank for one year, will it be able to buy more, less, or the same amount of goods? (3) Stocks: In
your opinion, generally speaking, which is riskier: main board stocks or growth enterprise board (ChiNext) stocks? (4) Funds:
In your opinion, generally speaking, which is riskier: equity-oriented funds or bond-oriented funds? A correct answer is assigned
a value of 1, otherwise 0, and factor analysis is used for measurement. Based on the analysis above, the mediation effect model
is used to test the mediating mechanism of financial literacy on the financial asset allocation of the elderly. The specific results
are shown in Table 9. According to column (1), digital economy participation is significant at the 1% level with a coefficient of
1.431, meaning household digital economy participation can significantly improve residents' financial literacy. Columns (2), (3),
and (4) show the regression results after simultaneously introducing digital economy participation and financial literacy. It can
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be seen that both digital economy participation and financial literacy have a significant positive impact on the types, scale, and
diversification of financial assets, indicating that household digital economy participation can optimize the financial asset
allocation of the elderly by enhancing residents' financial literacy.

TABLE 9
FINANCIAL LITERACY MECHANISM TEST

Digital Economy 1.431%%* 0.775%** 1.413%%* 0.170%*
Participation -0.068 -0.056 -0.181 -0.031
0.250*** 0.160*** 0.027***
Financial Literacy
-0.008 -0.027 -0.005
Control Variables Yes Yes Yes Yes
City Fixed Effects Yes Yes Yes Yes
Observations 9408 9408 9408 9408
5.2 Financial Information Attention:

Access to financial information is a key channel for improving the efficiency of household financial asset allocation. The
development of the digital economy not only provides convenient transaction platforms and improves financial market supply
but also enhances households' attention to economic and financial information, thereby stimulating financial management
demand, improving information acquisition efficiency, and ultimately optimizing asset allocation. To verify this transmission
path, this paper constructs the "Financial Information Attention" variable based on the CHFS survey question, "How much
attention do you usually pay to economic and financial information?" (scored 1-5). The regression results in Table 10 show that
household digital economy participation significantly increases financial information attention. Furthermore, after controlling
for this mediating variable, the coefficient for digital economy participation remains significantly positive, indicating that
financial information attention plays a partial mediating role, thus supporting the hypothesis that household digital economy
participation optimizes the financial asset allocation of the elderly by increasing their attention to financial information.

TABLE 10
FINANCIAL INFORMATION ATTENTION MECHANISM TEST

Digital Economy 1.088*** 0.996*** 1.545%%%2 0.191%**
Participation -0.072 -0.056 -0.179 -0.031
Financial Information 0.125%** 0.089™** 0.017**
Attention -0.008 0.026 0.004
Control Variables Yes Yes Yes Yes
City Fixed Effects Yes Yes Yes Yes
Observations 9408 9408 9408 9408
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53 Moderating Effect Test:

Risk preference is an important factor influencing household financial asset allocation (Guiso et al., 1996). Based on this, a
dummy variable for risk preference is constructed using CHFS survey data, based on the question: "If you have a sum of money
for investment, which of the following investment projects are you most willing to choose?" with 1-5 representing unwilling to
take any risk to high risk. This section uses risk preference as a moderating variable to examine its moderating role in the impact
of household digital economy participation on the financial asset allocation of the elderly. From column (1) of Table 11, the
regression results for the types of financial assets show that the interaction term between digital economy participation and risk
preference, as well as the coefficients for digital economy participation and risk preference, are all significantly positive at the
1% level. This means the higher the degree of risk preference, the stronger the promoting effect of digital economy participation
on the types of financial assets held by the elderly, indicating that risk preference plays a positive moderating role in the process
where household digital economy participation influences the financial asset allocation of the elderly. However, there is no
significant moderating effect on the scale and diversification of financial assets.

TaBLE 11
TEST OF THE MODERATING EFFECT OF RISK PREFERENCE
Financial Asset Allocation
Variable Types of Financial Scale of Financial Financial Asset
Assets (1) Assets (2) Diversification (3)
Digital Economy Participation * 0.250* 14557 0.178%*
Risk Preference -0.093 20292 005
0.251*** 1.455*** 0.178***
Digital Economy Participation
-0.093 -0.292 -0.05
0.047** 0.028 0.021**
Risk Preference
-0.019 -0.061 -0.011
Control Variables Yes Yes Yes
City Fixed Effects Yes Yes Yes
Observations 9408 9408 9408

54 Heterogeneity Analysis:

To explore in depth the impact of digital economy participation on the financial asset allocation of the elderly in different types
of households, this paper further conducts heterogeneity analysis by industry and urban-rural division. 1. Industry Heterogeneity
The types of industries different households are engaged in may lead to differences in their asset allocation methods (Li Zibin et
al., 2025), especially for households engaged in industry and commerce versus those not. Their economic structures, income
sources, and risk preferences may differ significantly. Therefore, understanding the differential impact of digital economy
participation in different types of households can help us more comprehensively understand the different mechanisms through
which the digital economy affects household financial asset allocation. Based on this consideration, this paper classifies
households by whether they are engaged in industry and commerce and conducts separate regression analyses for these two
groups to explore the impact of digital economy participation on the financial asset allocation of different household types. Table
12 reports the heterogeneous regression results for households engaged and not engaged in industry and commerce. The results
show that the impact of digital economy participation on financial asset allocation is more significant for households engaged in
industry and commerce. Specifically, regarding the types, scale, and diversification of financial assets, the impact coefficients
are higher for households engaged in industry and commerce than for those not engaged, and the Hausman test results show
significant coefficient differences.
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TABLE 12
HETEROGENEITY TEST: ENGAGEMENT IN INDUSTRY
: Types of Financial | Scale of Financial Financial Asset Diversification
Variable Assets Assets
Engaged Not Engaged Engaged | Not Engaged | Engaged | Not Engaged
L. 1.277%** 1.168*** 2.945*** 1.623*** 0.452*** 0.217%**
Digital Economy
-0.357 -0.059 -0.852 -0.185 -0.151 -0.032
Hausman Test 7.05** 14.71** 16.08**
Co_ntrol Yes Yes Yes Yes Yes Yes
Variables
City Fixed Yes Yes Yes Yes Yes Yes
Effects
Observations 427 8981 427 8981 427 8981

55 Urban-Rural Heterogeneity:

Due to the limitations of the urban-rural dual structure, rural households face more significant information asymmetry and
resource constraints compared to urban households (Wang Wenbin and Wei Pengfei, 2025). On one hand, the construction of
digital economy infrastructure in rural areas lags, restricting the channels for the elderly to access financial information and
participate in the digital economy. On the other hand, the elderly in rural areas are at a more significant disadvantage in terms of
digital literacy and financial knowledge, making them more prone to inefficient financial asset allocation. Analyzing urban-rural
heterogeneity can more clearly reveal the differential impact of digital economy participation on the financial asset allocation of
the elderly in different environments. Therefore, this paper divides households into urban and rural households for regression
analysis to examine the different impacts of digital economy participation on the financial asset allocation of urban and rural
households. Table 13 reports the regression results for urban-rural heterogeneity. The results show that the impact of digital
economy participation on financial asset allocation is significantly higher for urban households than for rural households.
Specifically, regarding the types and scale of financial assets, the impact coefficients for urban households are greater than those
for rural households, and the Hausman test results show significant coefficient differences. This indicates that the optimization
effect of digital economy participation on household financial asset allocation is more pronounced for urban households.

TABLE 13
URBAN-RURAL HETEROGENEITY TEST

: Types of Financial | Scale of Financial Financial Asset Diversification
Variable Assets Assets
Rural Urban Rural Urban Rural Urban
. 0.470*** 1.386*** 2.097*** | 2,109*** | 0.193*** | (.185***
Digital Economy
-0.085 -0.072 -0.321 -0.217 -0.061 -0.034
Hausman Test 406.24*** 89.97*** 51.38***
Control Variables Yes Yes Yes Yes Yes Yes
City Fixed Effects Yes Yes Yes Yes Yes Yes
Observations 3247 6161 3247 6161 3247 6161
5.6 Analysis of the Impact of Financial:

Asset Allocation on the Welfare of the Elderly The goal of optimizing financial asset allocation is to reduce risk and achieve
stable wealth growth through scientific and rational asset distribution and effective investment management, thereby providing
reliable financial security for the elderly, improving their quality of life and overall welfare, and giving the elderly greater
economic autonomy and satisfaction. This paper considers both objective and subjective welfare, using household daily
consumption expenditure to measure objective welfare levels and happiness to measure subjective welfare conditions. It further
empirically examines the actual impact of financial asset allocation on the welfare of the elderly. 1. Impact of Financial Asset
Allocation on Daily Consumption Expenditure of the Elderly With participation in the digital economy, the optimization of
financial asset allocation for the elderly brings more investment income, thereby increasing their disposable income. Optimized
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financial asset allocation enables the elderly to manage their income more flexibly, thus increasing daily consumption
expenditure. To further explore the impact of financial asset allocation on the daily consumption expenditure of the elderly, this
paper uses CHFS survey data to construct a variable for household daily consumption expenditure. The question, "Last year,
how much was your household's average monthly food expenses, including purchases of grain, oil, meat, fruits, vegetables,
(baby) formula, snacks, dining out, and takeout expenses?" is used as the measure, and its logarithm is analyzed to examine the
impact of the types, scale, and diversification of financial assets on the daily consumption expenditure of the elderly. The results
are shown in Table 14. The scale of financial assets has a significant positive impact on the daily consumption expenditure of
elderly households. This indicates that having a larger scale of financial assets can increase income sources for elderly
households, thereby enhancing their consumption capacity. The expansion of financial asset scale provides more financial
support, allowing the elderly to incur higher daily consumption expenditure. However, the impact of financial asset
diversification on consumption expenditure is not significant. This may be because, although diversification helps reduce risk,
the slight returns from excessive diversification do not significantly change their consumption expenditure patterns.

TABLE 14
IMPACT OF FINANCIAL ASSET ALLOCATION OPTIMIZATION ON HOUSEHOLD DAILY CONSUMPTION
EXPENDITURE

Household Daily Consumption Expenditure
Variable
-1 -2 -3
-0.009
Types of Financial Assets
-0.009
0.016***
Scale of Financial Assets
-0.003
0.012
Financial Asset Diversification
-0.018
Control Variables Yes Yes Yes
City Fixed Effects Yes Yes Yes
Observations 9197 9197 9197
5.7 Impact of Financial Asset Allocation on the Happiness of the Elderly:

To further explore the impact of financial asset allocation on the happiness of the elderly, this paper adds the dimension of
happiness based on the analysis of household daily consumption expenditure. Optimized financial asset allocation can enhance
the elderly's confidence in the future by reducing economic pressure and improving economic independence, thereby increasing
their subjective happiness. Therefore, this paper introduces a variable for happiness based on CHFS survey data, using the
question, "Overall, how happy do you feel now?" with scores from 1 (very unhappy) to 5 (very happy). Combined with the
types, scale, and diversification of financial assets, it explores how optimized financial asset allocation affects the happiness of
the elderly. The results are shown in Table 15. Financial asset diversification has a significant positive effect on the happiness
of the elderly, while the types of financial assets do not have a significant impact on happiness. A possible reason is that
diversified investment, as a risk aversion strategy, can effectively reduce the volatility risk associated with a single asset, helping
the elderly alleviate uncertainty about their future financial situation. Since the elderly have a stronger demand for economic
security, diversified investment gives them more confidence to cope with future financial challenges, thereby enhancing
happiness. In contrast, although the types of financial assets can increase income and consumption expenditure, their impact on
happiness is not significant, possibly because the elderly focus more on stability and security in wealth accumulation and
consumption rather than the expansion of asset types.
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TABLE 15
IMPACT OF FINANCIAL ASSET ALLOCATION OPTIMIZATION ON THE HAPPINESS OF THE ELDERLY
Happiness
Variable PP
-1 -2 -3
. . 0.016
Types of Financial Assets
-0.011
. . 0.009**
Scale of Financial Assets
-0.004
. . . . . 0.062***
Financial Asset Diversification
-0.02
City Fixed Effects Controlled Controlled Controlled
Observations 9404 9404 9404
VI. CONCLUSIONS AND RECOMMENDATIONS

As China's population aging deepens, how to improve the wealth security level of the elderly population has become an
important social issue that urgently needs to be addressed. Financial asset allocation, as a crucial means to achieve financial
security and quality of life for the elderly, relates not only to the efficiency of family financial management but also directly
affects the effectiveness of national policies in addressing pension risks. Against the backdrop of the rapid development of the
digital economy, the deep integration of technological innovation and financial services provides new possibilities for improving
the asset allocation efficiency of the elderly. However, given the practical challenges the elderly generally face, such as weak
financial knowledge, high technical barriers, and limited information access channels, how to enable them to truly benefit from
the digital economy has become the core issue of this study. Based on data from the 2019 China Household Finance Survey
(CHFS), this paper focuses on the impact of household digital economy participation on the financial asset allocation of the
elderly and systematically conducts empirical analysis. The study finds that household-level digital economy participation
significantly optimizes the structure of financial asset allocation for the elderly, showing positive effects on the types, scale, and
diversification of financial assets. Further mechanism analysis reveals that this impact is primarily achieved by enhancing the
financial literacy and financial information attention of the elderly. Meanwhile, risk preference plays a positive moderating role,
meaning that the elderly with higher risk tolerance are more likely to benefit from the digital economy. Additionally,
heterogeneity analysis shows that this optimization effect is more pronounced in urban households and households engaged in
industry and commerce. Further research also confirms the positive impact of optimized financial asset allocation on both the
objective welfare (consumption expenditure) and subjective welfare (happiness) of the elderly. Based on the above findings, this
paper proposes the following policy recommendations:

First, strengthen age-friendly digital infrastructure construction to bridge the urban-rural "digital divide." Increase investment in
network and communication infrastructure in rural and underdeveloped areas, promote broadband access in rural areas,
popularize smart devices, and implement user-friendly, age-appropriate adaptations for terminals. Simultaneously, establish
digital service support windows in community service centers and village-level information stations to help the elderly access
and use financial service platforms, narrowing the gap in digital participation between urban and rural areas.

Second, construct a multi-level system to enhance the financial literacy of the elderly, laying a solid foundation for investment

awareness. It is recommended to promote multi-stakeholder cooperation (government, financial institutions, community
organizations) with fiscal support to implement tiered and categorized financial education programs. Tailored training courses
should be developed for the elderly with different education levels and information capabilities, covering topics such as risk
identification, basic financial knowledge, and fraud prevention, to improve their investment judgment and rational decision-
making abilities.

Third, improve the accessibility of financial information for the elderly to stimulate their willingness to pay attention to
investments. Establish information dissemination channels that are closer to the elderly population. Encourage mainstream media
to open "Senior Finance" columns, and financial platforms to launch age-friendly information sections, simplifying content and
presenting operational processes visually. Promote a "one-stop” financial information acquisition and push mechanism,
providing personalized, tiered, and clearly risk-indicated product information for elderly users, reducing cognitive costs, and
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enhancing their willingness to invest. Fourth, enrich the system of financial products for the elderly that match their risk
characteristics to achieve refined matching. The study finds that risk preference plays a moderating role between the digital
economy and asset allocation. To guide the elderly with different risk preferences to allocate financial assets reasonably, it is
recommended that financial institutions develop wealth management products categorized by risk level and provide customized
asset allocation suggestions based on risk assessment results, helping the elderly achieve a balance between returns and security.
Fifth, strengthen the effective conversion mechanism of digital economy achievements into the welfare of the elderly. The
empirical results indicate that optimized financial asset allocation significantly improves the consumption capacity and happiness
of the elderly. To promote the conversion of financial behavior into improved living standards for the elderly, relevant supporting
mechanisms should be improved. For example, encouraging the allocation of part of the returns from digital financial products
to health insurance, medical expenses, and life service consumption for the elderly, and promoting the integrated development
of "finance + elderly care + health." At the same time, digital financial assistance policies for low-income elderly groups should
be strengthened to achieve fair distribution of digital dividends.
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Abstract— A method for the digital measurement of odors using gas analyzers is presented. This capability enables a new
level of precision in identifying spoiled products (e.g., in grain storage and transportation), detecting narcotics, digitizing
odors in the culinary and cosmetics industries, and developing olfactory television. This paper details a measurement approach
and methodology based on thermodynamic equations for a nonequilibrium odor measurement system. A practical example of
a microcontroller calculation for a digital odor detection device using MQ-type gas analyzers is provided, including the
process for determining the empirical coefficients integrated into the algorithm.

Keywords— digital olfaction; electronic nose; gas sensor array; sensor fusion; microcontroller signal processing; odor
profiling; grain spoilage detection.

l. INTRODUCTION

First, we must define what constitutes a measurable odor and how its digital detection can solve practical problems. An odor
is manifested by the release of specific volatile organic compounds (VOCs) into the air. These VOC plumes, which form an
odor's signature, propagate at characteristic speeds through a complex atmospheric environment. Their dispersion is influenced
by factors including weight (molar mass), volume, temperature, humidity, incident light spectrum, air velocity, and other
dynamic parameters that also affect biological olfactory receptors. While animals and humans use biological receptors to assess
edibility or quality, digital odor detection provides an objective, quantifiable alternative. The application of odor analyzers
allows for the determination of quality in products such as meat, fish, and grain. Specifically, this technology can identify the
causes of spoilage in grain within elevators and shipholds, detect narcotics at security checkpoints in airports and customs, and
has potential uses in creating odor-based multimedia and other fields.

1. PROBLEM FORMULATION

Commercial gas analyzers (e.g., MQ series) are calibrated to measure specific gases at set temperatures and concentrations.
The resulting calibration curve for a target gas is stored in a microcontroller's memory. During operation, the device calculates
and displays the measured concentration. The concentration of key VOCs that constitute a perceptible odor typically lies within
the range of 10~ to 10~ ppm. While standard industrial gas analyzers can measure down to 10~ ppm, specialized sensors
approach the 10~ ppm range, placing odor measurement at the limit of their detectable accuracy.

Critically, odor measurement is not a simple linear process but represents a thermodynamically nonequilibrium
measurement system [1-5]. It must account for multiple interacting subsystems: the functional of odorant movement in air
(E1), the influence of the light spectrum (Ez), the influence of temperature and air humidity (Es), the influence of air velocity
(E4), and the influence of the odor source mass (Es). The methodology presented here involves determining experimental
coefficients for these factors (Ei-Es) and integrating them into a system of nonlinear thermodynamic equations for odor
measurement within the microcontroller.
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Odorous VOCs are predominantly hydrocarbons. Their movement in air is influenced by molecular structure and molar mass.
Below are general characteristics of key hydrocarbon classes:

o Alkanes (C.Hz.:2): Sp3-hybridization; tetrahedral geometry with bond angles of ~109.5°.

o  Alkenes (C,H:.): sp2-hybridization; trigonal planar geometry with bond angles of ~120°.

e Alkynes (C.Hz.-2): Sp-hybridization; linear geometry with bond angles of 180°.

e  Arenes (C,Hzn-6): Sp?-hybridization; planar geometry (e.g., benzene ring) with bond angles of 120°.

The empirical observation guiding sensor placement is as follows: A substance with a higher molar mass than air tends to settle
faster. For example, the molar mass of air is approximately 28.97 g/mol. Opium (Ci7HisNO:s), amphetamine (CoHisN), and
many nitrogen-containing compounds have higher molar masses. In practice, this means multi-sensor arrays for detecting such
substances are often installed at a low height to sample air strata where heavier molecules may concentrate. Each target
substance has characteristic differentials of propagation path (dS) and time (dT) in air, which form part of the calibration basis
alongside the electrical differentials of the sensor (Conductivity dQ, Current dA, Resistance dR).

The core calculation in the microcontroller for one sensor channel integrates these concepts:
adcl // Analog value from the detector
coefV =0.1875 // Constant for ADC scaling
d = 1000 // Divider to obtain voltage
V =5 // 5-volt detector power supply
Rload = 10000 // Load resistor value in Ohms
Ro =122 // Sensor resistance in clean air under standard conditions
All data are processed within a system of equations modeling the nonequilibrium measurement system.

For detection, an array of different MQ-type gas sensors (Winsen Guangoyu) is used. Each sensor is calibrated for specific
VOC profiles associated with a target odor. The microcontroller analyzes responses from all sensors, compares them to
calibrated profiles, and provides a detection output for target substances at very low concentrations (10™* — 10~ ppm).

Examples of target substances and sensor configurations:
e Heroin/Acetic Acid: MQ-2, MQ-9 sensors.
e Crack Cocaine/Burnt Rubber: MQ-2, MQ-9 sensors.
e  Methamphetamine (CsHi:sN): MQ-135, MQ-2, MQ-9 sensors.
e  Metformin/Fishy Odor: MQ-135, MQ-2, MQ-9 sensors.
2.1 Thermodynamic Framework for a Nonequilibrium Odor Measurement System:

The measurement process is modeled using a thermodynamic framework for a system displaced from equilibrium. Let the
system's state be defined by extensive parameters (E;) and intensive parameters (P;).

We introduce coefficient A, linking a change in an intensive parameter to changes in extensive parameters, and its reciprocal,
the system capacity K:

K=1/A=dE/dP;A=1/K 1)
The intensive parameters are functions of the extensive parameters:

Py = f1(Ey, Ey, E3, Ey, Es); P, = f2(Ey, Ep, E3, Ey, Es) )
Differentiating these functions yields the system'’s response to changes in state:

dP, = Ay, dE; + Ay2dE, + Ay3dEs + Ay dE, + AysdEs; dP, = Ay dE; + AgydEy + AysdEs + AyydE, + AysdEs (3)
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The state coefficients A; link changes in extensials (E;) to changes in intensials (P;). These coefficients are themselves functions
of the system's state and change as the system moves from one nonequilibrium state to another. They represent the "quality"
or structure of the measurement interaction, such as the functional of odor movement (E:), light influence (E-), etc.

The main and cross coefficients are functions of the extensive parameters:

A1 = f11(E1, By, E3, By Es); Arp = f12(Eq, B2, B3 By Es); Agy = f21(Eq, B2, B3, By, Es); Azy = fo2(Er, o, E3, Ey, E)

)
Differentiating these coefficients shows their dependence on the extensials:
dAyy = By11dE; + By12dE; + Byy3dEs + By14dE, + Byy5dEs; dAy,
= Byy1dE; + B12,dE; + Byp3dE3 + BypudE, + BypsdEs; dAy,
= By11dEy + By12dE; + Byy3dEs + Byy4dE, + ByysdEs; dAy;
= B,,1dE; + By,,dE, + By,3dEs + Byy,dE, + ByysdEs ... (5

2.2 Microcontroller Implementation

The formalism above is implemented practically in the microcontroller algorithm. The core calculation for converting a raw
sensor reading into an environmentally-corrected value uses the determined empirical coefficients (Ei-Es).

The corrected sensor resistance (Res_corrected) is calculated as:

Res

Res corrected = ——————
— EqXEyXE3XE4XEs

(6)
where Res is the raw measured resistance of the sensor.

This corrected resistance is then used to calculate a target gas concentration (*p*), using a known atmospheric baseline (e.qg.,
for COy):

__ Res_corrected (7)
~ ATMO_GAS

Where:
e Res = detector resistance in Ohms (calculated from ADC).
e E: = odor movement functional coefficient.
e E. = light spectrum influence coefficient.
e Es =temperature & humidity influence coefficient.
e E.=air velocity influence coefficient.
e Es=odor source mass influence coefficient.
e adcO = analog value from the detector.
e U =(adcO *0.1875) / 1000 = converted voltage.
e coefV =0.1875 = ADC scaling constant.
e Res=(U*V -1)*Rload = raw sensor resistance calculation (for a specific divider circuit).
e V=5 =sensor supply voltage.
e Rload = load resistor value (e.g., 10 kQ).
e p =calculated target gas concentration (ppm).

e ATMO_GAS = baseline atmospheric concentration of the target gas (e.g., 417.99 ppm for CO2 in 2022).
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1. RESULTS AND DISCUSSION

This approach was validated through practical experiments to determine the necessary empirical coefficients (Ei-Es). Arrays
of MQ gas analyzers (Winsen Guangoyu) were exposed to target odor sources under controlled variations: different distances,
temperatures, humidity levels, wind speeds, light spectra, and source masses. Measurements were conducted within a
controlled glass flask environment to isolate variables.

The work, conducted for the Greek-Ukrainian joint venture Harvard Marine LLC, led to the development of functional
prototype "thermodynamic odor analyzers." The term "thermodynamic" reflects the use of the nonequilibrium system
framework for calculation. Prototypes were built for:

1. Detecting specific narcotic substances.
2. ldentifying grain spoilage via odors from bacteria, fungi, or pests.
3. Monitoring the onset of spoilage in meat and fish products in refrigerated retail displays.

These prototypes demonstrate the practical feasibility of the method, translating the theoretical framework into working devices
for applied odor detection.

FIGURE 1: Prototype thermodynamic odor analyzers developed for various applications
V. CONCLUSION

1) Anapproach and methodology based on thermodynamic equations for a nonequilibrium system have been developed
for the digital measurement of odors using gas analyzers.

2) Thermodynamic equations for the digital odor detection system have been formulated. Experiments were conducted
to determine the empirical coefficients (Ei-Es) for a range of target odors, including narcotics, spoilage in grain, and
spoilage in meat/fish products.

3) A practical example of the microcontroller calculation algorithm for a thermodynamic gas analyzer has been provided,
demonstrating the integration of the empirical coefficients into the device's operational logic.
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