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This study conducts an integrated analysis of the impacts of tobacco cultivation
on farmers in Yunnan Province using machine learning and econometric methods,
drawing on detailed micro-level survey data collected from 253 households.
Our findings highlight the significant role of tobacco income within household
income structures, demonstrating its competitiveness compared to other crops.
Through interpretable machine learning techniques and advanced econometric
methods, the analysis reveals that expanding tobacco cultivation is associated
with improvements in certain indicators of farmers' quality of life, although
the benefits vary with the scale of production. Additionally, the promotion of
agricultural diversification by the Tobacco Bureau has shown positive effects,
despite challenges such as localized disadvantages, such as poor soil quality,
limited access to irrigation, and remoteness from markets. The results emphasize
the need for optimizing cropping structures by adjusting crop combinations,
planting schedules, and resource allocation to improve yield and sustainability and
improving management practices to maximize the benefits of tobacco cultivation
while supporting sustainable agricultural development.

KEYWORDS

tobacco cultivation, household income, scale efficiency, agricultural diversity, quality
of life, interpretable machine learning

1 Introduction

As global agricultural practices evolve, the need for sustainable and diversified farming
systems has become increasingly important. Tobacco cultivation continues to attract both
farmers and governments due to its considerable economic profitability and revenue-
generating potential. In many regions, where tobacco cultivation has historically been a
significant economic activity, understanding the dynamics of this crop within the broader
agricultural landscape is essential. Tobacco farming, while profitable, poses various challenges
related to income stability, environmental sustainability, and social welfare (Rahman et al.,
2020; Wan et al., 2022). Recent research further highlights the importance of integrated policy
and resource management, such as Song et al. (2025) on collaborative governance models for
optimizing resource allocation in waste management, and Abbas et al. (2022) on energy input-
output efficiency and greenhouse gas emissions in crop production. As farmers face pressures
from market fluctuations and changing regulations, there is a pressing need to evaluate the
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role of tobacco cultivation in their income structures and consider the
potential benefits of agricultural diversification.

Controversies surrounding tobacco cultivation become
increasingly apparent. On the one hand, the resource-intensive nature
of tobacco cultivation, characterized by the extensive use of pesticides
and fertilizers, causes irreversible damage to the land and other crops,
resulting in long-term negative impacts on agriculture (Bondurant et
al., 2001). On the other hand, large areas of fertile land are dedicated
to tobacco cultivation, reducing the land available for food crops and
exacerbating food security challenges (Achterbosch et al., 2014).
Furthermore, the pollution generated during the tobacco curing
process and the well-documented health risks associated with
smoking have become more widely recognized by the public (World
Health Organization, 2017). Besides, with the decline of the
agricultural population in China and the growing issue of aging
farmers, exploring sustainable agricultural development has become
more critical. In this context, tobacco farming, as one of Yunnan’s key
economic crops, plays a significant role in achieving sustainable
development by analyzing their income and expenditure structures.

This study investigates the economic reliance of farmers on
tobacco cultivation in Yunnan Province, China, along with the
associated challenges faced by farming communities. Yunnan
possesses favorable geographical conditions for tobacco farming,
making it one of the largest tobacco-producing regions in the country.
Under the framework of national and industry-specific monopoly
regulations, the tobacco industry has become one of the province’s top
five pillar industries, significantly contributing to industrial
development, increasing farmers’ incomes, promoting plateau-specific
agriculture, and alleviating rural poverty (Tai and Yang, 2024). The
economic significance of tobacco cultivation has shaped both the
livelihoods of farmers and the broader socioeconomic development
of the region, making it a vital component of Yunnan’s
agricultural economy.

The socioeconomic context in Yunnan presents both opportunities
and challenges for local farmers. While tobacco cultivation offers
farmers a relatively stable and profitable income source, it also exposes
them to long-term risks. The reliance on a single cash crop makes
farmers vulnerable to economic shocks, particularly in the face of
fluctuating market conditions and changing agricultural policies. This
dependency limits farmers’ ability to diversify their income sources,
posing risks to their long-term economic resilience. Therefore, it is
essential to examine how tobacco cultivation influences farmers’
income structures and assess the potential benefits of agricultural
diversification in mitigating these risks and improving livelihoods.
Moreover, this analysis can reveal the factors that influence income
levels and the overall quality of life for farmers, providing insights into
their economic resilience.

In light of the challenges faced by tobacco farmers, this paper
seeks to explore the intricate income structures, quality of life, and
agricultural diversification strategies among these farmers in Yunnan.
By employing interpretable machine learning and advanced
econometric methods, this study aims to provide a comprehensive
analysis of income portfolios and identify the key determinants
influencing farmers’ economic wellbeing. The insights gained from
this research will contribute to actionable recommendations,
empowering farmers to transition toward more sustainable
agricultural practices while enhancing their economic resilience.
Understanding the economic and social complexities of tobacco
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cultivation is crucial, as it enables a deeper appreciation of its role in
farmers’ livelihoods and highlights opportunities for improvement.
Although this study focuses on Yunnan Province, the analytical
framework and findings, especially regarding income composition,
diversification strategies, and policy interventions, offer valuable
insights for other tobacco-growing regions. The methodological
approach and policy implications may be adapted to similar
agricultural contexts in other provinces, and even international
settings where tobacco remains a key economic crop. This study
aspires to foster a more sustainable future for tobacco farmers,
equipping them with the knowledge to navigate the evolving
agricultural landscape effectively.

The rest of this paper is organized as follows. Section 2 presents
our research design, including data acquisition details and the analysis
methodologies employed. In Section 3, we report the analysis results
along with a thorough discussion of their implications. Finally, we
present our conclusions and outline the implications of our findings
for agricultural practices among tobacco farmers in Section 4.

2 Materials and methods
2.1 Tobacco cultivation in Yunnan

Before the mid-20th century, Yunnan Province’s rugged terrain
and limited transportation infrastructure constrained agricultural
production, resulting in low overall income levels for farmers,
particularly in remote mountainous areas. Many farmers relied
primarily on traditional crop cultivation, along with limited forestry
and animal husbandry, leading to relatively single-source incomes.

The shift toward tobacco cultivation began in the 1940s, when
Yunnan’s comparative natural advantages for tobacco farming were
recognized. Under government guidance, China’s tobacco industry
gradually relocated from northern provinces such as Shandong and
Henan to Yunnan. By 1990, Yunnan surpassed Henan in tobacco
cultivation area, securing its position as the country’s top tobacco-
producing province. Government policies played a pivotal role in this
transformation, offering planting subsidies, technical training, and
financing assistance to farmers. Additionally, the State Tobacco
Monopoly Administration ensured stable farmer incomes through
protective purchase prices for tobacco leaves, thereby reducing market
risks and incentivizing tobacco farming.

Since then, tobacco cultivation has become a crucial component
of farmers’ incomes in Yunnan, especially in areas suitable for growing
tobacco, where the high added value of tobacco has significantly
enhanced farmers” economic returns (Peng et al., 2000; Feng and Ji,
2010; Luo et al., 2015). Figure 1 illustrates the scale of tobacco
cultivation in Yunnan from 2001 to 2022 and its proportion of the
national total.

However, tobacco cultivation in Yunnan has faced mounting
challenges in recent years. With growing public awareness of the
health risks associated with smoking, tobacco farming has come
under increasing criticism for encroaching on land that could be
used for food crops and causing long-term soil degradation. In
response, the provincial government has introduced
environmentally friendly farming practices, promoted agricultural
restructuring, and encouraged the cultivation of alternative cash
crops such as vegetables, fruits, and medicinal plants. Despite these
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The scale of tobacco cultivation in Yunnan from 2001 to 2022 and its proportion of the national total. The data is sourced from the National Bureau of
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efforts, Yunnan’s unique natural advantages continue to make
tobacco one of the most competitive agricultural options.
Compared to staple crops like corn and potatoes, tobacco offers
higher economic returns, reinforcing its role as a pillar of the
province’s agricultural economy. Going forward, balancing
economic returns with sustainable farming practices will be
essential to ensure the long-term viability of Yunnan’s
agricultural sector.

2.2 Farm selection and sampling approach

This study utilized a structured questionnaire survey combined
with quantitative analysis to investigate the economic and social
conditions of tobacco farmers in Yunnan Province. To achieve
representative sampling, we selected 10 township-level regions across
three major tobacco-producing areas: Dali, Honghe, and Qujing
Prefecture. These districts were chosen based on their significance in
tobacco production and their diverse agricultural and
socioeconomic characteristics.

The selection process was guided by preliminary consultations
with key stakeholders, including tobacco industry employees,
township government officials, village leaders, and tobacco farmers.
These discussions provided essential insights into the income
composition, production practices, and living conditions of local
farmers, ensuring that the survey design captured relevant and
context-specific variables.

The questionnaire covered a broad range of topics, including
household income sources, agricultural diversification, farming
practices, and perceptions of economic resilience. The survey aimed
to capture both quantitative data on income structures and qualitative
insights into farmers’ challenges and adaptation strategies. This
mixed-methods approach enhances the reliability of the findings by
providing a comprehensive understanding of the socioeconomic

dynamics within tobacco-farming communities.
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To ensure data accuracy, the survey was conducted through
in-person interviews with farmers, allowing for clarification of
questions and reducing potential biases. The collected data was
subsequently subjected to rigorous statistical analysis to identify
patterns and key determinants affecting farmers’ income and
livelihood quality.

2.3 Data acquisition and description

During the 2022 field survey, 310 questionnaires were distributed
across selected regions in Yunnan Province. After removing
incomplete or invalid responses—such as those with short completion
times or repetitive answers—253 valid questionnaires were retained,
yielding an 75.8% response rate. The sample size of 253 households
was determined based on regional representation and statistical
reliability. Yunnan is the largest tobacco-growing region globally, and
we selected two of its largest city-level tobacco zones for randomized
surveying. This ensures that the income sources and structures of
tobacco farmers across different terrains and administrative divisions
are adequately represented. Moreover, this sample size provides
sufficient data volume for robust econometric and machine learning
analysis, enhancing the credibility of the findings.

The surveyed households generally consisted of 4 to 6 members,
a typical family size in the region. Most farmers reported cultivating
tobacco on land plots ranging from 0.26 to 0.50 hectares, which aligns
with the average tobacco farm size in Yunnan. Additionally, the
geographic distribution of participants was relatively balanced, with
approximately equal representation from mountainous and basin
terrains. This balance ensures that the dataset captures diverse
agricultural and socioeconomic conditions across different terrains.

Table 1 presents the descriptive statistics of the key variables used
in this study. The table highlights significant variation in farmers’
agricultural practices, including differences in land use, income
sources, and crop diversification strategies. These variations provide
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valuable insights into the heterogeneity of tobacco farming in Yunnan,
allowing for a nuanced analysis of the factors influencing farmers’
economic outcomes. For further details on the questionnaire design
and content, refer to the Appendix.

2.4 Methodology

2.4.1 Analysis of income structure

To investigate the role of tobacco cultivation income as a revenue
source for farmers in Yunnan, micro-level data were collected and
used to calculate and summarize household income. The analysis
focused on the profitability of tobacco in comparison to other crops,
specifically among tobacco-growing households that also cultivate
corn, potatoes, wheat, fruits, and medicinal plants. Paddy production
was excluded from this comparison, as it is typically consumed
directly by the households and does not generate explicit
cash income.

Data on growth cycles were gathered through field surveys and
professional references. The adjusted per-mu income was calculated
using the following formula:

Adjusted Per — Mu Income =
Crop Income (yuan)
Planting Area (mu) x Growth Cycle (day).

Given the data did not meet the assumptions of normality or
homogeneity of variance, the Kruskal-Wallis test was applied using
Stata 17.0 to compare the profitability of the six crops. This
non-parametric method compares the medians of three or more
independent groups. Subsequently, post-hoc tests were conducted to
perform pairwise comparisons.

TABLE 1 Descriptive analysis results.

Variables Frequency Relative
frequency (%)
Tobacco planting <0.25 36 14.23
area (hm?) 0.26-0.50 104 4111
0.51-0.75 37 14.62
0.76-1.00 31 12.25
>1.01 45 17.79
Whether to grow | Yes 248 98.02
other crops No 5 1.98
Whether to breed | Yes 226 89.33
No 27 10.67
Prefecture of Dali 77 30.43
investigation Qujing 84 33.20
Honghe 92 36.36
Number of family | <3 45 17.79
members 46 193 76.28
>7 15 5.93
Mountainous Mountainous 139 54.94
terrains or dam
terrains . 14 45.06
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2.4.2 Analysis of factors affecting income and
quality of life

To explore the determinants of household income, an Extreme
Gradient Boosting (XGBoost) regressor was trained, followed by
SHapley Additive exPlanations (SHAP) analysis to interpret the model’s
outputs (Lundberg et al., 2020). XGBoost is a decision-tree-based
ensemble algorithm that optimizes performance through gradient
descent and regularization. It is particularly effective for regression
tasks involving complex, non-linear relationships. The SHAP
framework allows for a detailed breakdown of feature importance by
quantifying the marginal contribution of each predictor to the model’s
output, thereby improving interpretability and ensuring transparency
in identifying income determinants (Dwivedi et al., 2023).

The explanatory variable set (X) was constructed from
questionnaire responses and comprised 46 variables, including
tobacco farm size, household population, livestock ownership, and
other socioeconomic factors. To ensure consistency in model training,
categorical variables were encoded as dummy variables. The response
variable (Y) was defined as the average income per household
member. Mathematically, the XGBoost model minimizes the following
objective function to predict the household income:

LxGBoost =Zl()’i,}7i)+29(fk)’

where [ is the loss function (squared error was used here), and Q
is the regularization term.

To interpret the model, SHAP values are computed. These values
represent the marginal contribution of each feature to the prediction,
based on cooperative game theory:

&= ZSCF{i}M(val(Su{i})—val(S)),

|F|!

where S is the set of all features, val (S) is the prediction for
feature values.

It provided a granular understanding of feature impacts across
different households. The resulting SHAP values ranked the variables
based on their influence on income predictions, highlighting key
factors driving income variation. For example, variables such as
tobacco farm size and household composition were found to be
among the most significant predictors. Visual interpretations of SHAP
values further elucidated how these variables contribute positively or
negatively to income levels, offering a nuanced perspective on the
socioeconomic dynamics of tobacco-farming households.

Furthermore, we explore the concept of scale efficiency in relation to
tobacco cultivation. This methodology involves visualizing the
relationship between cultivation area, per capita income, and its growth
rate across different scales. By understanding how these variables interact,
we can identify optimal cultivation practices that maximize income.

Following this, we utilized Stata to assess the benefits of expanding
tobacco cultivation areas from multiple perspectives. In this analysis,
tobacco cultivation area serves as the explanatory variable, while three
key factors are selected as dependent variables to construct three
distinct linear regression models:

A. Household education expenditure plays a crucial role in
enhancing human capital, fostering income growth potential, improving
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social status, and promoting sustainable economic development
(Chapman, 2016). Model 1 (Equation 1) is formulated with the natural
logarithm of “household education expenditure” (Edu;) as the dependent
variable, “tobacco cultivation area” (4;), “Family Members” (FM;),
“Terrain” (T;, coded as 1 for mountainous terrains and 0 for plain
terrains), and Py (k =1,2,3) represents the different prefecture as the
explanatory variable.

3
In(Edu;) = fo + Bidi + BoFMi + BT+ 3 yiPuc+ein (1)

where ¢&; is the error term.

B. Engel’s coefficient is the proportion of total food expenditure in
total household consumption expenditure. In the 19th century,
German statistician Engel derived a rule based on statistical data
regarding changes in consumption structure: the lower the household
income, the larger the proportion of income (or total expenditure)
spent on food. As household income increases, the proportion of
income (or total expenditure) spent on food decreases. Therefore,
Engel’s coeflicient is often used to reflect the living standards of a
household or a country’s residents. A lower Engels coefficient
indicates that the proportion of expenditure on food is smaller,
reflecting a higher standard of living. The model 2 is constructed with
“Engel’s coefficient” as the dependent variable and “tobacco cultivation
area” as the explanatory variable (Equation 2).

3
Engel; = o+ BiAi + BoFMi+ BT+ kP +&;. )

Engel’s coefficient has certain limitations in measuring living
standards, especially since its theoretical foundation does not align
with the traditional Chinese view of “food as the most important
thing for the people” An increasing number of scholars believe that
Engel’s coefficient cannot accurately reflect the actual living
standards of Chinese residents. A quality of life index for tobacco-
growing households was proposed. Theoretical foundations are
based on the OECD’s introduction of the Better Life Index (BLI) in
2011, which measures the quality of life of residents in countries
around the world. This index incorporates multidimensional factors
such as income, employment, housing, health, and education,
making it highly valuable as a reference for constructing a
comprehensive “quality of life” evaluation indicator (Resce and
Maynard, 2018).

C. Based on the expenditure structure of tobacco-growing
households—comprising transportation and communication
expenses, education expenses, entertainment expenses, housing
expenses, household goods and services expenses, food expenses,
tobacco, tea, and sugar expenses, clothing expenses, and healthcare
expenses—the relative importance of the indicators was initially
determined through literature analysis and thematic discussions
(Koronakos et al., 2020; Aydan et al., 2022; De Moura Pereira et al.,
2022). Subsequently, the Analytic Hierarchy Process (AHP) was
applied to finalize the weights of each indicator. The detailed
construction of this comprehensive evaluation index can be found in
the Appendix. The model 3 can be expressed as shown in Equation 3.

2
Qi =fo+ B + BoFM; + BT+ 7P+ & (3)
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The integration of interpretable machine learning (e.g., SHAP
analysis) and econometric regression models enables a dual-layered
analytical approach. Machine learning is used to uncover non-linear
relationships and rank feature importance across diverse household
profiles. Econometric models then quantify these relationships,
allowing for statistical inference and control of confounding factors.

2.4.3 Analysis of the effect of agricultural
diversification

To analyze the agricultural diversity, the Agricultural Diversity
(Diversity) was introduced, which measures the extent of
diversification in farmers’ planting patterns. The formula is:

N M
Diversity; = Zm (Fim>

where &, is a dummy variable that equals 1 if farmer i grows
or raises crop or livestock m; otherwise, it is 0. This variable
provides valuable insights into the sustainability and economic
stability of farming households. A higher diversity score indicates
a more varied and potentially more stable agricultural system,
which can be less susceptible to market fluctuations and
environmental stresses.

3 Results and discussion

The results presented in this section follow a structured
analytical pipeline:

Step 1: Data preprocessing and feature engineering were
conducted to clean and encode survey responses.

Step 2: Descriptive statistics were computed (Tables 1, 2) to
understand income distribution and crop profitability (Figure 2).

Step 3: XGBoost model was trained to predict income, and SHAP
values were extracted to rank feature importance (Figure 3).

Step 4: Scale efficiency was analyzed by plotting income growth
across cultivation sizes (Figure 4).

Step 5: Regression models were estimated to assess the impact of
tobacco area on education, Engel’s coeflicient, and QoL (Table 3).

Step 6: Agricultural diversity scores were calculated and visualized
(Table 4 and Figure 5) to evaluate diversification benefits.

3.1 The position of tobacco cultivation
income in the income structure

As it stands, the position of tobacco cultivation income as the
primary source of revenue for farmers in Yunnan remains difficult to
challenge. This perspective is supported by detailed micro-level data
as Table 2.

The average total income of households reached 96,900 Yuan, with
a maximum of 405,000 Yuan. For tobacco-growing households, the
proportion of income derived from tobacco cultivation averaged 43%,
with a maximum of 96%. This highlights that tobacco income remains
a significant pillar of household revenue.

Then we focus on tobacco-growing households to compare the
planting profitability of tobacco with other local crops and discuss the
economic competitiveness of tobacco. The survey revealed that, in
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TABLE 2 Descriptive statistics of household income.

10.3389/fsufs.2025.1622916

Variables Obs. Mean SD Min Median Max
Tobacco cultivation income 253 4.95 3.896 1.5 3.78 18.91
(10,000 of Yuan/CNY)
Total income 253 11.13 5.815 3 9.69 40.50
(10,000 of Yuan/CNY)
Tobacco cultivation income / Total income 253 0.43 0.225 0.12 0.43 0.96

[

0 20 40 60
l- tabacco | I com [ potato wheat fuit [ herbl
FIGURE 2

The box plot of adjusted per-mu income (CNY) for the growth cycle
above was created to visualize the test results.

addition to tobacco cultivation, these households also grow crops such
as corn, potatoes, wheat, fruits, and medicinal plants.

Since the data do not satisfy the assumptions of normality or
homogeneity of variance, the Kruskal-Wallis test was applied. The test
produced a statistic 7> =265.03 (p < 0.01). Thus, the null hypothesis
was rejected, indicating significant differences in the medians across
the groups.

A post-hoc test was further conducted using pairwise comparisons
to determine whether the differences between groups were significant.
The results showed that the profitability of tobacco was significantly
different from the other five crops, with all comparisons yielding
p-values less than 0.05 (p < 0.05).

In summary, the per-mu income data for tobacco demonstrates a
concentrated distribution that is significantly higher than the
profitability of other crops (Figure 2). Notably, while corn does not
offer a distinct profitability advantage as a standalone crop, it is
frequently intercropped with tobacco, wheat, and other crops, making
ita common choice among tobacco farmers. In fact, all farmers in the
sample reported growing corn alongside their tobacco crops. Besides,
fruits and medicinal herbs showed higher unadjusted per-mu income
figures. However, it is essential to consider that these crops typically
have longer growth cycles compared to tobacco and other seasonal
crops. Therefore, the comparative results presented in the figure are
reasonable and provide valuable insight into the income dynamics of
the farming community.

It is clear that tobacco is the most profitable crop for farmers in
the region, representing a crucial component of their overall income.
This underscores the importance of tobacco cultivation in the
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agricultural landscape, as it not only contributes significantly to
farmers’ revenue but also plays a vital role in their economic stability
and livelihood.

3.2 Factors affecting income and quality of
life

3.2.1 SHAP analysis for tobacco income

Figure 3 presents a violin summary plot of the top 10 variables
influencing average household income per person (Y), based on
SHAP values from the XGBoost regressor. This plot provides a
comprehensive visualization of each variable’s contribution to income
predictions, showing both the magnitude and distribution of their
impacts across households.

The analysis highlights ‘Farm Size (Mu)” as the most influential
variable, with a substantial impact on income predictions in both
positive and negative directions. The SHAP values reveal that larger
farm sizes generally contribute positively to income, while smaller
farm sizes (represented by blue values) are associated with negative
income predictions. This aligns with expected trends, as larger
cultivation areas typically generate higher revenue.

Another significant factor is ‘Family Population, which shows a
negative association with income levels. The SHAP plot indicates that
larger household sizes may exert financial pressure due to a higher
proportion of non-working members, reducing per capita income.
Additionally, geographic location plays a key role, with households
in mountainous terrains experiencing a negative income impact
compared to those in flatland terrains.

The plot also reveals that variables such as ‘Growing Size
(Corn) (Mu)’ display a more balanced SHAP distribution,
suggesting that their impact on income is modulated by
interactions with other variables. This indicates that these factors
are context-dependent, contributing to income predictions in
specific scenarios.

Overall, the SHAP analysis provides valuable insights into the
complex and non-linear relationships between household characteristics
and income levels. It highlights both direct effects and interaction effects,
offering a nuanced understanding of the socioeconomic factors shaping
income disparities in tobacco-farming communities.

3.2.2 Scale economies analysis of tobacco
cultivation

The absolute economic competitiveness of tobacco has been
confirmed, serving as an encouragement for expanding tobacco
cultivation areas. To ensure rigor, this section aims to explore whether
scale efficiency exists in expanding tobacco cultivation areas and to
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FIGURE 4
Per capita income and growth rate of tobacco-growing households at different planting scales.

what extent. Figure 4 visually presents the per capita income and its
growth rate at different cultivation scales.

The horizontal axis of the following chart represents the tobacco
cultivation area, the left vertical axis represents per capita total income,
and the right vertical axis shows the year-on-year growth rate of per
capita income at different cultivation scales. When the tobacco
cultivation area increases from [0.26, 0.50] to [0.51, 0.75], the income
growth rate is higher, indicating that a moderate increase in the
planting area can quickly raise per capita income in the early stages. As
the tobacco cultivation area grows from [0.51, 0.75] to [0.76, 1.00], the
income growth rate slows down, which may be due to increased costs,
resource limitations, or declining efficiency, leading to diminishing
marginal returns. However, when the tobacco cultivation area increases
from [0.76, 1.00] to 1.01 and beyond, the income growth rate rebounds.
This could be attributed to the fact that, after reaching a certain scale,
farmers may have achieved economies of scale and optimized resource
allocation, thus driving a leap in income.

Given the objective resource constraints, it is recommended to
maintain a moderate scale of [0.51-0.75] to enable as many
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households as possible to achieve favorable income levels. At the
same time, it is essential to thoroughly analyze the advantages
effectively leveraged and the disadvantages successfully avoided
within this scale. Efforts should focus on improving technology and
management practices, developing transferable experiences, and
seeking higher income growth opportunities.

3.2.3 Regression analysis of benefits of tobacco
cultivation

This section provides a broader analysis of the overall impact of
expanding tobacco cultivation areas on farmers’ livelihoods through
the development of linear regression models.

The analysis indicates that increasing the area of tobacco
cultivation is significantly associated with higher household
education expenditure, showing a 3.8% rise for every unit increase in
cultivated area. It also correlates with a reduction in Engel’s coefficient
by 0.124%, and an improvement in the Quality of Life Index by 0.043.
This suggests that expanding tobacco cultivation may enhance
household welfare, not just by boosting income, but also by shifting
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TABLE 3 Regression results.

Variable Model 1 Model 2 Model 3
Ln (Edu) Engel (@]
Cultivated Area 0.038%%* —0.124%* 0.043 %%
(A) (2.91) (—2.34) (5.54)
Family Members —0.061 0.237 0.080%*
(M) (~0.87) (0.94) (2.18)
Terrain 0.594%* 1.427 0.429%%*
a (2.37) (1.48) (3.06)
Dali Prefecture 0.666%* 3.111%%* 0.594%%*
GD) (2.55) (3.02) (3.96)
Qujing Prefecture —0.231 2.659%#* —0.295%%*
) (-1.02) (3.26) (—2.48)
Constant 8.338%** 3.578%* 6.879%%*
(19.04) (2.31) (30.44)
Observations 152 229 229
R-squared 0.080 0.112 0.207

t-statistics in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

TABLE 4 Frequency distribution of agricultural diversity among tobacco-
growing households.

Diversity Frequency Relative frequency (%)
2 13 5.68

3 75 32.75

4 55 24.02

5 59 25.76

6 20 8.73

7 7 3.06

Total 229 100.00

family expenditure toward education and reducing the proportion of
income spent on food. This reallocation of resources potentially offers
more stable living conditions and long-term economic prospects.
Furthermore, such cultivation might influence other economic
sectors and community health, necessitating a balance between
economic gains and social wellbeing.

On the other hand, the number of family members shows a
notable positive correlation with the Quality of Life Index, yet a
negative relationship with education expenditure. This contrast
reflects how larger family sizes in Yunnan may exert financial
pressure, potentially limiting investment in education. Culturally,
larger families might prioritize immediate survival needs over
educational investments, which could have long-term implications
for future generations’ economic mobility and development.

The results also reveal that households in mountainous terrains
experience a significant increase in their education expenditure and
Quality of Life Index compared to those in plains. This indicates that
the challenging terrain, with its less fertile soil and unfavorable
climate, hinders agricultural productivity, impacting the overall living
standards of these households. Geographical challenges like poor soil
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quality, steep slopes, and adverse weather conditions make
agricultural practices difficult and less profitable. Comparing the
economic opportunities and living conditions of households in
different terrains can highlight the need for targeted interventions to
support those in less favorable environments.

Lastly, this geographical inequality is also manifested in
administrative divisions. The result highlights prefectural variations in
education expenditure, Engel’s coefficient, and Quality of Life Index,
attributed to differing administrative policies. These policies evidently
play a crucial role in shaping the economic conditions of tobacco-
growing households, influencing their living standards and investment
in education. Regions with more supportive policies tend to show
better outcomes in household welfare. Examining successful policy
implementations can provide insights into best practices that can be
replicated in other regions to promote balanced and
sustainable development.

Overall, while the expansion of tobacco cultivation presents
economic benefits, addressing regional and demographic challenges
remains vital for achieving balanced and sustainable development.
Understanding the interplay between cultivated area, family size,
terrain, and regional policies can help in formulating comprehensive
strategies that enhance household welfare and promote long-term

economic stability.

3.3 Agricultural diversification status of
tobacco households

The previous discussion centered on the scale of planting areas,
thoroughly addressing the benefits of tobacco cultivation and its role
in improving farmers’ livelihoods. However, field observations reveal
that the Yunnan Tobacco Monopoly Bureau (Company) actively
explores intercropping and crop rotation with other grains, rather
than being confined to simply expanding the scale of tobacco
cultivation. Therefore, incorporating agricultural diversity and
analyzing farmers’ production and living conditions through the lens
of planting structures offers a valuable extension to the study.
Specifically, the Bureau has implemented intercropping programs,
crop rotation strategies, and financial incentives for cultivating
alternative crops such as legumes and medicinal plants. These
initiatives aim to reduce dependency on tobacco and improve soil
health and income stability.

For example, intercropping tobacco with legumes can improve
soil fertility and reduce pests, while crop rotation with grains can
enhance soil structure and break pest cycles. These practices not
only benefit the environment but also provide farmers with
multiple income streams, reducing the risks associated with
dependence on a single crop. The “tobacco + N” industrial complex
model integrates tobacco cultivation with other agricultural
activities and processing industries, creating a more resilient
agricultural economy. This model includes livestock rearing, fruit
and vegetable production, and the establishment of agro-
processing units, all of which contribute to increased household
income and employment opportunities.

Table 4 illustrates the frequency distribution of the agricultural
diversity among tobacco-growing households.

In the sample, 82.53% of tobacco farmers have an agricultural
diversity score ranging from 3 to 5. Specifically, 32.75% of the farmers
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exhibit an agricultural diversity score of 3, which typically involves
cultivating tobacco and corn while raising pigs, accounting for
70.31% of the sample. This particular agricultural structure yields the
highest per capita income among those with a diversity score of 5 or
less. As agricultural diversity increases to 6 or above, there is a
noticeable leap in per capita income. However, only a small number
of farmers achieve this level of diversity, possibly due to the
substantial financial and labor resources required. See Figure 5
for details.

It is advisable for farmers to consider adjusting their agricultural
structures to promote greater diversity in their farming practices.
Specifically, farmers are encouraged to aim for an agricultural
diversity score of 6, which would involve integrating six or more types
of crops and livestock into their operations. This diversified approach
can significantly enhance income stability and bolster overall
economic resilience (Altieri, 1999; Lin, 2011).

However, for households with fewer members or limited
resources, achieving such a high level of diversity may be
challenging. In these cases, maintaining a minimum diversity score
of 3 is recommended. For instance, farmers could focus on
cultivating a combination of tobacco and corn, which are known
to complement each other by improving soil nutrition.
Additionally, incorporating livestock, such as cows, can further
benefit soil health through natural fertilization and provide
additional sources of income.

In addition to economic considerations, tobacco cultivation
poses significant externalities. The intensive use of pesticides and
fertilizers contributes to soil degradation and water pollution. The
curing process generates air pollutants, and the end product—
tobacco—has well-documented health risks. Furthermore, market
volatility and regulatory shifts can destabilize farmer incomes,
underscoring the need for resilient and diversified agricultural
systems. By fostering agricultural diversity, farmers can create a
more sustainable and resilient farming system that not only
supports their livelihoods but also contributes to the health of
their ecosystems.
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4 Conclusion

This study provides a comprehensive analysis of the role of
tobacco cultivation in the income structure of farming households in
Yunnan Province, based on survey data from 253 households. The
findings underscore tobacco’s significant contribution to household
income, reaffirming its economic competitiveness compared to other
crops. Descriptive statistics demonstrate that tobacco income
constitutes a substantial portion of farmers’ earnings, particularly in
regions where natural conditions favor its cultivation.

Further analysis using both general linear regression and
interpretable machine learning models identifies key factors
influencing household income and quality of life. The results indicate
that larger areas dedicated to tobacco farming generally lead to
higher incomes, though the marginal benefits vary across households
depending on farm size, household composition, and geographic
factors. The study highlights the broader socioeconomic impacts of
tobacco cultivation, including its positive effects on living standards
and rural economic stability.

The research also examines the role of agricultural diversification
in enhancing household resilience. Initiatives by the Tobacco Bureau
to encourage crop diversification show potential in improving overall
farm productivity and reducing income risks associated with reliance
on a single cash crop. However, the study identifies persistent
challenges, such as limited access to resources and localized
geographic disadvantages, that may constrain farmers’ diversification
efforts. Addressing these barriers is crucial to optimizing the
economic and environmental benefits of diversification.

Overall, this study highlights that tobacco cultivation is an
essential economic activity for farmers in Yunnan Province. However,
attaining long-term sustainability necessitates a strategic focus on
agricultural diversification. By optimizing planting structures,
tobacco farmers can continually increase their incomes. Policymakers
and agricultural stakeholders must assist farmers in adapting their
cropping systems and enhancing farm management practices to
strike a balance between income generation and resilience. By
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promoting diversification and sustainable farming methods, rural
communities in Yunnan can more effectively address the challenges
posed by an evolving agricultural landscape while protecting their
livelihoods, ultimately achieving sustainable development in
tobacco agriculture.
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The detailed account of the construction process for the Quality of Life Index Q are provided. Table A1 presents the indicator weights

determined through the Analytic Hierarchy Process (AHP), based on literature analysis and thematic discussions.

TABLE Al Indicator weight vector

Indicator Weight

Transportation and communication

0.06
expenses
Education expenses 0.28
Entertainment expenses 0.22
Housing expenses 0.16
Household goods and services expenses 0.11
Food expenses 0.07
Tobacco, tea, and sugar expenses 0.05
Clothing expenses 0.03
Healthcare expenses 0.02
Total expenses 1.00

The consistency ratio (CR) is calculated to be approximately 0.049, which is less than 0.1, indicating that the consistency of the judgment

matrix is good.

To construct a comprehensive evaluation index Q to measure the quality of life level of every tobacco-growing household in this study, the

formula for the indicator construction is as follows:

Q=ln(z:_1:1w,~xi),

where i is indicator. The w; represents the weight of indicator, satisfying the condition 27_ w;=1. The x; represents the quantity. Given that

the marginal benefit decreases with an increase in individual expenditure, the logarithm is applied to adjust for this.
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