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Abstract: This research conducts an analysis of the sustainability of urban agriculture in Shanghai
over the period 2010 to 2020, employing the Triple Bottom Line (TBL) concept as a framework to
evaluate sustainability across economic, environmental, and social dimensions through the formula-
tion and application of a comprehensive indicator system. Utilizing the Delphi method alongside
the Analytic Hierarchy Process (AHP) for determining indicators and their respective weights, this
study adopts a methodologically rigorous approach to analysis. The findings reveal an overall
enhancement in agricultural sustainability, albeit accompanied by a decline in economic sustainability.
Notably, environmental sustainability emerged as a paramount concern, underscoring the essen-
tiality of incorporating environmental indicators within urban agricultural initiatives. The paper
addresses significant challenges such as elevated land prices, demographic shifts, and the imperative
for more stringent environmental regulations. It advocates for a multidimensional strategy inte-
grating advanced agricultural technologies and cross-sectoral partnerships to bolster sustainability.
Furthermore, the study accentuates the necessity of achieving equilibrium among economic feasibility,
environmental stewardship, and social equity to pursue sustainable urban agriculture in Shanghai.
Additionally, it highlights the critical role of strategic agricultural policy formulation in fostering
sectoral resilience and ensuring enduring sustainability.

Keywords: urban agriculture; sustainability indicator; analytic hierarchy process; sustainable agricul-
tural development; triple bottom line

1. Introduction

Urban agriculture is defined as the practice of farming activities conducted within
urban environments and their immediate surrounding areas. It is a multifaceted enterprise
within urban ecosystems that is shaped by municipal governance and fulfills socioeconomic
and ecological roles. Urban agriculture provides sustenance and bolsters social bonds while
playing a crucial role in urban sustainability; however, it faces challenges from rapid
urbanization and competing land uses [1–6].

The sustainable development framework, as articulated by Lester Brown and defined
by the World Commission on Environment and Development, emphasizes meeting present
needs without compromising future capacities while balancing economic viability, envi-
ronmental health, and social equity [7,8]. In Shanghai, a rapidly urbanizing megacity, the
sustainability of urban agriculture is jeopardized by increased production costs, environ-
mental degradation, and policy challenges; these factors were particularly obvious during
the COVID-19 pandemic [9–11].

Previous research indicates that regional sustainability indicators can effectively mea-
sure the current state of agricultural sustainable development [12]. In this study, the aim
was to evaluate the sustainability of Shanghai’s urban agriculture by using a Triple Bottom
Line (TBL) approach and crafting a tailored indicator system via the Delphi method and the
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Analytic Hierarchy Process (AHP). The impacts of urbanization and land use policies on
agricultural sustainability across nine districts are investigated, revealing unique regional
challenges and facilitating informed discussions with agricultural policymakers based on a
decade of data (2010–2020) [13–18].

2. Background
2.1. Agriculture Sustainability

Sustainable agriculture, as defined by De Olde et al. [8], is an agricultural methodology
that is economically feasible, ecologically robust, and socially equitable. This concept of
sustainability in the agricultural context is characterized by resilience and persistence.
Resilience refers to the system’s capacity to resist disruptions and stressors, whereas persis-
tence denotes the system’s ability to maintain its functions over long periods. Furthermore,
sustainable agriculture fulfills three fundamental functions: the production of goods and
services, effective landscape management, and positive contributions to the rural milieu.
Collectively, these elements not only underpin the sustainability of agricultural systems
but also address a vast array of outcomes across economic, social, and environmental
dimensions [19].

2.2. Urban Agriculture

Urban agriculture constitutes a critical and evolving component of the socioeconomic
and ecological infrastructures of urban landscapes [4–6]. Influenced by municipal policies
and urban planning, urban agriculture promotes socioeconomic progress in urban areas.
It serves four fundamental roles: subsistence, economic, recreational, and community
development. Thus, urban agriculture extends beyond mere crop production within
urban confines to being deeply interwoven with urban economies, societies, ecologies,
and physical infrastructures. The multifaceted nature of urban agriculture underpins the
sustainable evolution of urban centers [3].

However, since the twentieth century, rapid urbanization has had a profound impact
on the development of urban agriculture. Characterized by the uncoordinated develop-
ment of urban spatial areas, clear conflicts in land use, and the large-scale encroachment
and enclosure of farmland, urban expansion is continually reducing the area of cultivable
land [1]. The intensification of urban and industrial activities has further increased an-
thropogenic pressure on urban agricultural ecosystems and has significantly affected the
sustainability of urban agriculture [2]. This phenomenon underscores the increasingly
serious disharmony among urbanization, industrial processes, agricultural resources, and
ecological environmental conditions [20]. As urbanization advances, the production costs
of agriculture in metropolitan areas continuously increase, with both labor and land prices
rising steadily. Correspondingly, urban and peri-urban lands are no longer prioritized for
agricultural production but are instead supplanted by other land uses, predominantly those
with higher market value, such as housing, transportation areas, and recreational activities.
This process is ongoing and is expected to persist across numerous cities and their suburbs
globally, resulting in a decline in the number of farmers able to sustain operations within
urban contexts [5].

2.3. Agriculture Sustainability Assessment Framework

With the accelerated progression of globalization and urbanization, the sustainability
of agriculture has become a significant challenge on a global scale. Agriculture is not only
the foundation of food production but also a critical domain for the maintenance of ecologi-
cal balance and the promotion of societal development. Within this milieu, the advancement
of tools that assess agricultural sustainability has received broad attention [21].

Agricultural sustainability indicator systems constructed in past studies [8,22,23] have
led to the development of principles for assessing the sustainable development of urban
agriculture. These principles underscore a comprehensive and adaptable approach for
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gauging the multifaceted aspects of sustainability within the context of regional agriculture.
They can be articulated as follows.

(1) System Principle: The indicators must cover all aspects of regional agricultural de-
velopment comprehensively and objectively without overlapping, linking evaluation
goals with indicators.

(2) Dynamic Principle: The indicators should be dynamic, reflecting trends and spatial
distribution in regional agriculture, focusing on the potential for future sustain-
able development.

(3) Scientific principle: The indicator system should be scientifically based, with clear
meanings, standard measurement, and statistical methods.

(4) Operability principle: Indicator selection should balance simplicity and complexity,
consider quantification, data collection ease, and reliability using existing agricultural
data and norms.

(5) Regional principle: The indicators should account for regional differences in agricul-
tural development.

These principles provide guidelines for developing an effective and responsive in-
dicator system for the sustainable development of urban agriculture and ensure that
assessments are holistic, forward-looking, scientifically grounded, practical, and region-
ally attuned.

Previous studies [8,22,23] have shown that agriculture constitutes a complex system
composed of multiple elements. To describe the various components within such a complex
system, such as the coordination of environmental, economic, and social aspects in an
agricultural sustainability system, an organized series of indicators or an indicator system
is needed. The construction of such a system involves defining evaluation objectives and
subjects, selecting a framework for the system, choosing indicators, calculating indicators,
and formulating final evaluation conclusions (Figure 1).
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The system framework aims to define the measurement subjects and evaluation in-
dicators, and indicator selection is achieved through theoretical model analysis, expert
consultation, farm surveys, and other methods. In this study, indicators were selected
based on a literature review and Delphi method questionnaires. Through the final round
of Delphi method questionnaires, the data for each indicator in the evaluation indicator
system were standardized, weights were assigned, the indicators were aggregated, and
century data were incorporated to obtain the sustainability evaluation results for urban agri-
culture in Shanghai. The evaluation results were then analyzed and discussed, providing
countermeasures and suggestions for future sustainable agricultural development.

3. Methods
3.1. Research Area

Shanghai is located in the eastern part of China, between 120◦52′ and 122◦12′ east
longitude and 30◦40′ and 31◦53′ north latitude, at the estuary of the Yangtze River. The
climate in Shanghai is a subtropical monsoon climate, with four distinct seasons, an average
annual temperature of 15 ◦C, and an average annual precipitation of 1083 mm. As part
of the Yangtze River Delta Plain, the terrain is flat and fertile, which is very suitable
for agricultural cultivation. These natural conditions have laid a solid foundation for
agricultural development in Shanghai. Moreover, as a modern metropolis, Shanghai, which
has a permanent population of twenty-four million people, has the largest consumer market
in China; furthermore, the rapid urbanization of Shanghai over the past two decades
is evident, making it a quintessential example of urban agriculture development. The
contradictions between urban agriculture and urbanization occurring globally are largely
reflected in the development of urban agriculture in Shanghai [11].

Since agricultural statistics in Shanghai cover only nine districts and no relevant
agricultural data are collected within the downtown areas (where there is no officially
recognized agricultural land), the scope of this study is limited to these nine agriculture
districts (Minhang District, Baoshan District, Jiading District, Pudong New District, Jinshan
District, Songjiang District, Qingpu District, Fengxian District, Chongming District) of
Shanghai (Figure 2).

Agriculture 2024, 14, x FOR PEER REVIEW 5 of 26 
 

 

 
Figure 2. Research area. 

3.2. Delphi Method 
The Delphi method can identify relevant agricultural sustainability indicators based 

on previous agricultural sustainability assessment frameworks. In this study, the Delphi 
method was implemented to assess three rounds of questionnaires (Figure 3): the purpose 
of the first round was to find sustainability indicators and expand the number of indica-
tors; that of the second round was to select significant and meaningful sustainability indi-
cators; and that of the third round was to determine the weights of each indicator. Three 
rounds of Delphi method questionnaires were administered from April 2022 to December 
2022. 

To enrich and refine the selection of sustainability indicators derived from the litera-
ture, expert input tailored to the specificities of the local milieu should be incorporated. 
The comprehensive nature of agricultural sustainability assessments mandates the in-
volvement of experts across diverse disciplines, all of whom possess intimate knowledge 
of the regional context. Consequently, the criteria for expert selection were meticulously 
defined to include individuals with a significant background in agricultural research or 
practice, proven experience within the Shanghai area, and active engagement in research 
related to environmental, economic, or social sciences. These experts should include indi-
viduals affiliated with government bodies or agricultural operations. These stringent cri-
teria were used to meticulously curate a panel of 12 experts who participated in the ques-
tionnaire process, thus ensuring a robust, multidisciplinary approach to constructing a 
regional-level evaluation system for agricultural sustainability. 

In preparation for the initial round of the questionnaire, an extensive review of 
eighty-four pertinent studies was conducted to identify suitable indicators of agricultural 
sustainability (Table 1). The literature revealed a diverse array of indicators, many of 
which were either originally proposed by the authors or were enhancements of existing 
research findings. The indicator systems identified were categorized at two primary lev-
els: regional and farm. Efforts were made to meticulously extract and enumerate all the 
distinct indicators mentioned across these studies to compile a comprehensive set that 
encapsulated the multifaceted dimensions of agricultural sustainability as reflected in cur-
rent academic discourse. This rigorous approach ensured that the questionnaire was 
grounded in a broad and nuanced understanding of the sustainability indicators most 
relevant to both regional and farm-specific contexts. 

Figure 2. Research area.

3.2. Delphi Method

The Delphi method can identify relevant agricultural sustainability indicators based
on previous agricultural sustainability assessment frameworks. In this study, the Delphi
method was implemented to assess three rounds of questionnaires (Figure 3): the purpose
of the first round was to find sustainability indicators and expand the number of indicators;
that of the second round was to select significant and meaningful sustainability indicators;
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and that of the third round was to determine the weights of each indicator. Three rounds of
Delphi method questionnaires were administered from April 2022 to December 2022.
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To enrich and refine the selection of sustainability indicators derived from the literature,
expert input tailored to the specificities of the local milieu should be incorporated. The
comprehensive nature of agricultural sustainability assessments mandates the involvement
of experts across diverse disciplines, all of whom possess intimate knowledge of the
regional context. Consequently, the criteria for expert selection were meticulously defined
to include individuals with a significant background in agricultural research or practice,
proven experience within the Shanghai area, and active engagement in research related
to environmental, economic, or social sciences. These experts should include individuals
affiliated with government bodies or agricultural operations. These stringent criteria were
used to meticulously curate a panel of 12 experts who participated in the questionnaire
process, thus ensuring a robust, multidisciplinary approach to constructing a regional-level
evaluation system for agricultural sustainability.

In preparation for the initial round of the questionnaire, an extensive review of eighty-
four pertinent studies was conducted to identify suitable indicators of agricultural sus-
tainability (Table 1). The literature revealed a diverse array of indicators, many of which
were either originally proposed by the authors or were enhancements of existing research
findings. The indicator systems identified were categorized at two primary levels: regional
and farm. Efforts were made to meticulously extract and enumerate all the distinct indi-
cators mentioned across these studies to compile a comprehensive set that encapsulated
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the multifaceted dimensions of agricultural sustainability as reflected in current academic
discourse. This rigorous approach ensured that the questionnaire was grounded in a broad
and nuanced understanding of the sustainability indicators most relevant to both regional
and farm-specific contexts.

Table 1. The source literature from which indicators were collated in this study.

Number System Level Author

64 Regional level

Aarts et al. [28], An and Wang [29], Bastian et al. [30], Cao et al. [31], Chen and Zhao [32],
Chen et al. [33], Dang [34], Dantsis et al. [35], Deng et al. [36], Ding [37], Ding et al. [38],

Hu [39], Li [40], Li and Wang [41], Li et al. [42], Lin [43], Liu [44], Liu et al. [45],
Liu et al. [46], Liu et al. [47], Liu et al. [48], Luo et al. [49], Mao et al. [50], Miao et al. [51],

Nemecek et al. [52], Nie et al. [53], Peng et al. [54], Shao et al. [23], Shi [55], Simoncini [56],
Speelman et al. [57], Sun [58], Thiollet-Scholtus and Bockstaller [59], Valizadeh and

Hayati [60], Van Calker et al. [61], Viglizzo et al. [62], Wackernagel et al. [63], Wang [64],
Wang [65], Wang and Gorobets [66], Wang and Lan [67], Wang and Wang [68], Wang and

Yang [69], Wang et al. [70], Wang et al. [71], Wang et al. [72], Wang et al. [73], Wu and
Du [74], Xu [75], Yang [76], Yao [77], Yao and Zhang [78], Yu [79], Zhang [80], Zhang and

Cao [81], Zhang and Gou [82], Zhang and Zhu [83], Zhang et al. [84], Zhang et al. [85],
Zhao [86], Zhao [87], Zhao et al. [88], Zhou [89], and Zhu and Ma [90]

15 Farm level

Haas et al. [91], Hani et al. [92], Hou and Li [93], Wang [94], Lewis and Bardon [95],
López-Ridaura et al. [96], Meul et al. [97], Pacini et al. [98], Pacini et al. [99],

Rigby et al. [100], Rodrigues et al. [101], Rong [102], Tzilivakis and Lewis [103], Tzilivakis
and Lewis [103], Wang [104], and Zahm et al. [105]

5 Industry level Benoît et al. [106], López-Ridaura et al. [107], Pottiez et al. [108], Van
Cauwenbergh et al. [109], and Zhuang [110]

Among all the indicators collected, per capita income emerged as the most frequently
mentioned individual indicator (n = 48). Additionally, environmental sustainability had
the highest occurrence (n = 290) of any category. This finding underscores the significant
emphasis placed on economic measures of well-being and environmental considerations
within the discourse on agricultural sustainability and reflects a broad consensus on the
critical roles of these factors in assessing the sustainability of agricultural practices at both
the regional and farm levels (Figure 4).
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The initial round of questionnaires distilled a comprehensive list of 62 sustainability
indicators derived from previous lecture reviews to assess their relevance in the context of
agricultural sustainability. Experts participating in the survey were prompted to evaluate
the significance of each identified indicator by using a seven-point scale, where “1” denoted
minimal importance and “7” indicated maximal importance. To reflect the dynamic and iter-
ative nature of this process, the experts proposed an additional 14 new indicators based on
their insights and expertise (Table 2). These newly suggested indicators were subsequently
incorporated into the second round of the questionnaire to enhance the breadth and depth
of the sustainability assessment framework and ensure that it more accurately reflected
current understandings and priorities within the field of agricultural sustainability.

Table 2. Fourteen new indicators added after the initial round of questionnaires.

No. Indicators

1 Government policy
2 Technology to promote resource recycling
3 Sustainable development advocacy
4 Education for sustainable development
5 Forms of rural collective organization
6 Agricultural waste resource utilization rate
7 Reduction rate of pesticide and chemical fertilizer use
8 Water-saving irrigation measures
9 Use rate of mulch
10 Recycling rate of mulch
11 Scale of rural collective economy
12 Water-saving irrigation measures
13 Organic fertilizer replacement rate
14 Agricultural product safety sample inspection pass rate

Following the outcomes of the initial questionnaire round, a strategic revision was
undertaken to refine the set of sustainability indicators. This process entailed the removal of
indicators deemed less relevant by the experts and the incorporation of the newly proposed
indicators, thus creating an enriched assessment framework. The redesigned second round
of questionnaires was subsequently administered to reflect these adjustments. This iterative
process was crucial for honing in on the most pertinent and comprehensive indicators of
agricultural sustainability and ensuring that the evaluation system remained aligned with
expert consensus and contemporary challenges within the field.

Upon receiving the results from the second round of questionnaires, the indicators
identified as important by the experts were meticulously verified against the available data
(Table 3). In the table, "+" and "-" are used to represent the nature of indicators and their
positive and negative impacts on agricultural sustainability, respectively. This critical step
ensured the practical applicability of the selected sustainability indicators by assessing their
feasibility based on the accessibility and reliability of the required data. Such a verification
process is essential for establishing a robust and actionable framework for evaluating
agricultural sustainability, one that is not only grounded in expert consensus but also viable
for implementation within the context of existing data sources and collection capabilities.
We completed a third round of questionnaires based on these principles.
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Table 3. Sustainability indicators presented in the third round of questionnaires and their calcula-
tion methodology.

No. Indicators Measurement Method Nature

Economic
Sustainability

A1 Per capita income Total income/population +

A2 Land productivity Total output/land area +

A3 Agricultural commodity rate - +

A4 Output growth rate per capita Current output—previous
output/previous output/population +

A5 Income growth rate per capita Current income—previous
income/previous income/population +

A6 Share of agriculture industry in
total regional output Agriculture output/total output +

A7 Agricultural input–output ratio Agriculture input/agriculture output +

A8 Vegetable output - +

A9 Grain output - +

A10 Meat output - +

A11 Cash crop output - +

Environmental
Sustainability

B1 Air quality AQI Index -

B2 Water quality - +

B3 Irrigation rate Effective irrigated area/total area +

B4 Forest coverage rate Forest area/total area +

B5 Total power of
agricultural machinery - +

B6 Fertilizer use reduction rate Previous fertilizer use—current
fertilizer use/previous fertilizer use +

B7 Reduction rate of pesticide use Previous pesticide use—current
pesticide use/previous pesticide use +

B8 Use rate of mulch Area of mulch used/total area +

B9 Organic certification Number of organic certifications in
the district +

Social Sustainability

C1 Rural population - +

C2 Medical resources per
rural resident

Number of rural hospital beds
per capita +

C3 Employment rate of
rural residents - +

C4 Rural logistics conditions Number of road miles +

C5 Life expectancy - +

C6 Urbanization rate Urban population/total population -

C7 Number of people with
minimum subsistence guarantee - -

C8 Average age - -

C9 Sustainable development
propaganda

Agricultural sustainable development
information on website +

C10 Number of people working in
agriculture-related field - +

C11 Number of skilled personnel - +

3.3. AHP Method

To determine the weights of each sustainability indicator, we designed a third round
of questionnaires based on the AHP method. The AHP is a multicriteria decision-making
tool introduced by Saaty in 1987 that allows individuals to reasonably weigh attributes and
assess the various options presented to them. Although most applications of AHP have
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concentrated on individual or small-scale implementations, the AHP has been increasingly
adopted in survey designs involving many decision-makers and significant response
variability. The Saaty [111] scale consists of nine items (with 17 options for each pairwise
comparison). Decision makers are asked to indicate the degree to which attribute/feature
A is preferred over B (or vice versa) and the extent of this preference on a nine-point scale.
Respondents are asked to make pairwise comparisons across a series of attributes and
indicate their priorities for each attribute.

After completing the third round of questionnaires, we proceeded to calculate the
weights for each primary and secondary indicator based on the feedback obtained from
the experts’ responses. This process was accomplished through matrix calculations, a
methodological approach that allows for the systematic quantification of the relative im-
portance of each indicator. By employing this technique, we effectively translated the
qualitative assessments of experts into quantifiable weights, which facilitated a structured
and hierarchical evaluation of sustainability indicators.

Given that the relative importance of factor i to factor j is denoted as aij, the relative
importance of factor j to factor i is represented by aji = 1/aij. We determine the weights of
the indicators via the arithmetic mean method, as articulated in Equation (1). Subsequently,
we conduct a consistency check of the results of the third round of the questionnaire via
Equation (2). In this context, C′I′ denotes the consistency index, while ‘λmax’ signifies the
largest eigenvalue of the judgment matrix. Thereafter, we verify the consistency ratio of
the results by utilizing Equation (3). C′R′ represents the calculated consistency ratio, and
R′I′ stands for the random index, which is ascertained by referencing an appropriate table
(Table 4). If C′R′ is less than 0.1, the weighting result is acceptable. All calculations were
performed using Expert Choice 11.5.

wi =
1
n

n

∑
j=1

aij

∑n
k=1 akj

, i = 1, 2, · · · , n (1)

CI =
λmax − n

n − 1
(2)

CR =
CI
RI

(3)

Table 4. The average random consistency indicator (RI) was used.

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14

RI 0 0 0.52 0.89 1.12 1.24 1.36 1.41 1.46 1.49 1.52 1.54 1.56 1.58

3.4. Data Sources

The sources of data include the statistical yearbooks of various districts for previous
years (2010–2021), the Shanghai Rural and Agricultural Statistical Yearbook, local records,
county-level carbon dioxide emissions data from the CEADs, and the MODIS database.

The data selected for this study were collected between 2009 and 2020 to calculate the
agricultural sustainability of each district in Shanghai between 2010 and 2020.

4. Results
4.1. Indicator Results from the Construction of a Sustainable Indicator System for Urban
Agriculture in Shanghai

The results from the third round of questionnaires were analyzed using Expert Choice
11.5, and they passed the consistency test. Table 5 shows the weights of the primary and
secondary indicators within the final evaluation system for sustainable urban agriculture
in Shanghai. Among the primary indicators, environmental sustainability was assigned the
highest weight (0.3691), followed by economic sustainability (0.3156) and social sustainabil-
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ity (0.3151). This finding indicates that experts consider environmental sustainability to be
extremely important to the sustainable urban agriculture development process in Shanghai.
In terms of secondary indicators, meat output (0.2156), the number of people working
in agriculture, forestry, animal husbandry, and fishery (0.1928), and the irrigation rate
(0.1526) emerged as the indicators with the highest weights. This distribution of weights
underscores the significance attributed to these specific aspects of sustainability and reflects
a comprehensive perspective on what factors are most critical to fostering a sustainable
urban agricultural system.

Table 5. Calculation results of the weights of the Shanghai urban agriculture sustainability evaluation
indicator system.

Primary
Indicators Weight No. Secondary Indicators Weight

Economic
Sustainability 0.3156

A1 Per capita income 0.0960
A2 Land productivity 0.0985
A3 Agricultural commodity rate 0.0957
A4 Output growth rate per capita 0.0458
A5 Income growth rate per capita 0.0971

A6 Share of agriculture industry in total
regional output 0.1020

A7 Agricultural input–output ratio 0.1523
A8 Vegetable output 0.0405
A9 Grain output 0.0345

A10 Meat output 0.2156
A11 Cash crop output 0.0220

Environmental
Sustainability 0.3691

B1 Air quality 0.0776
B2 Water quality 0.1503
B3 Irrigation rate 0.1526
B4 Forest coverage rate 0.0356
B5 Total power of agricultural machinery 0.1417
B6 Fertilizer use reduction rate 0.1083
B7 Reduction rate of pesticide use 0.1290
B8 Use rate of mulch 0.1491
B9 Organic certification 0.0559

Social
Sustainability

0.3151

C1 Rural population 0.1006
C2 Medical resources per rural resident 0.1024
C3 Employment rate of rural residents 0.1004
C4 Rural logistics conditions 0.0644
C5 Life expectancy 0.0775
C6 Urbanization rate 0.1021

C7 Number of people with minimum
subsistence guarantee 0.0461

C8 Average age 0.1255
C9 Sustainable development propaganda 0.0362

C10 Number of people working in
agriculture-related field 0.1928

C11 Number of skilled personnel 0.0521

4.2. Results of the Total Sustainability of Urban Agriculture in Shanghai

Once the Shanghai agricultural sustainability evaluation indicator system was estab-
lished, the framework was used to assess the sustainability of agriculture across various
districts in Shanghai. This process involved collecting relevant data for each district ac-
cording to the defined primary and secondary indicators and their respective weights. The
application of this system allowed for a detailed and quantified analysis of agricultural
sustainability that highlighted differences and identified areas of strength and potential
improvement across the districts. By utilizing this comprehensive evaluation system, stake-
holders can gain insightful, data-driven perspectives on the status and progress of agricul-
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tural sustainability efforts in Shanghai. This process facilitates informed decision-making
and targeted interventions that enhance sustainability across the region’s agricultural sector.

The data derived from Figures 5–8 present a comprehensive overview of the agricul-
tural sustainability trends in Shanghai from 2010 to 2020 and highlight distinct aspects
of sustainability:
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Figure 5 shows the increase in total agricultural sustainability in Shanghai during this
period. This increase suggests that the cumulative effects of initiatives and policies targeting
the improvement in agricultural practices have positively impacted the overall sustainabil-
ity framework and have incorporated environmental, economic, and social dimensions.
In contrast, Figure 6 indicates a decline in agricultural economic sustainability over the
same timeframe. This decline could be attributed to various factors, such as increased input
costs, market competition, or policies that may not fully support the economic aspects
of agricultural sustainability, which impact the financial viability of farming operations.
Figure 7 highlights an improvement in environmental sustainability within Shanghai’s
agricultural sector. This improvement is likely due to enhanced environmental manage-
ment practices, such as more efficient use of resources, adoption of eco-friendly farming
techniques, and efforts to reduce pollution and soil degradation. According to Figure 8,
the social sustainability of agriculture in Shanghai has increased. This occurrence could
reflect advancements in social aspects, such as labor conditions, community engagement in
sustainable agriculture practices, and food security.

These observations underscore the multifaceted nature of sustainability in agricul-
ture, revealing that while significant progress has been made in environmental and social
sustainability, economic sustainability has experienced a downturn. The increase in total
sustainability indicates that positive changes in environmental and social dimensions can
contribute to the broader sustainability of agriculture, yet the decline in economic sustain-
ability emphasizes the need for balanced approaches that also ensure economic health and
viability for the agricultural sector.

Figure 9 provides a visual representation of the changes in economic, environmental,
and social sustainability within Shanghai’s agricultural sector from 2010 to 2020. This
figure shows that environmental sustainability consistently ranks the highest, followed
by economic and social sustainability. Notably, after 2017, social sustainability surpasses
economic sustainability, indicating a shift in the dynamics of agricultural sustainability
in Shanghai.

Figure 10 illustrates the distribution of agricultural sustainability across various agri-
cultural districts in Shanghai from 2010 to 2020. In this figure, each point represents the
sustainability of a district in a given year, mapped across three dimensions: economic,
environmental, and social sustainability. The nine different colors are used to represent the
nine distinct districts. The majority of points are clustered toward the middle and lower
left portions of the ternary plot, indicating that most agricultural districts exhibited rela-
tively weak social and economic sustainability performance but moderate environmental
sustainability performance during this period.
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This distribution pattern suggests that, across the board, efforts to enhance environ-
mental sustainability might have received more focus or achieved greater success than
initiatives aimed at improving economic and social sustainability. Clustering toward lower
economic and social sustainability indicates potential challenges in these areas, such as
economic viability, labor practices, community engagement, and social welfare within the
agricultural sector.

The moderate environmental performance across most districts suggests progress in
this area, but the weaker economic and social sustainability underscores the importance of
addressing these aspects more effectively in future sustainability efforts.

4.3. Results of Agricultural Sustainability in Shanghai’s Agricultural Districts

Figure 11 provides an overview of the average agricultural sustainability across Shang-
hai’s agricultural districts from 2010 to 2020 and presents insights into the comparative
performance of these districts across the different dimensions of sustainability:
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Figure 11. The average agricultural sustainability status of Shanghai’s agricultural districts between
2010 and 2020.

Chongming District emerges as a paradigm of comprehensive agricultural sustainabil-
ity, showcasing a balanced approach to economic, environmental, and social sustainability
facets. Conversely, Baoshan District displays minimal overall sustainability, signaling areas
necessitating specific enhancements. Fengxian District is distinguished for its superior
economic sustainability, which is indicative of efficacious agricultural management and
practices. In contrast, the Minhang District experiences the lowest economic sustainability,
highlighting potential fiscal and efficiency challenges. Environmental Sustainability: Min-
hang District leads in environmental sustainability, reflecting effective pollution control,
resource management, and conservation efforts. Conversely, Jinshan District exhibits the
lowest, suggesting a need for improved environmental strategies. Social Sustainability is
also dominated by Chongming District, with Baoshan District lagging in this aspect.

Figure 12 illustrates the changes in agricultural sustainability across the economic,
environmental, and social dimensions within the nine agricultural districts from 2010 to
2020. This comparison allows for an analysis of trends, improvements, and areas that
have remained challenging over time and provides a dynamic view of how agricultural
sustainability has evolved in Shanghai’s different districts. This detailed breakdown
by district and sustainability dimension can help inform targeted policy and practice
interventions aimed at enhancing the overall sustainability of agriculture in Shanghai.
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5. Discussion
5.1. Discussion of the Factors Influencing the Sustainability of Urban Agriculture in Shanghai’s
Agricultural Districts

To enhance agricultural sustainability in Shanghai’s districts, a thorough investigation
into the factors influencing sustainability is essential. This approach involves both quali-
tative and quantitative analyses to comprehensively understand the multifaceted nature
of sustainability in agriculture. The main factors influencing the sustainability of urban
agriculture include environmental and policy factors.

In terms of environmental factors, the resource and environmental background con-
strain the sustainable development of urban agriculture [112]. The likelihood of adopting
sustainable agricultural practices is affected most by environmental characteristics [113].
These include the availability and quality of natural resources, including water resources,
soil quality, biodiversity, and the impacts of climate change on agricultural production.
Environmental factors profoundly affect the sustainability of agriculture, as they directly
pertain to the foundational elements of agricultural production. Environmental degra-
dation, such as land degradation [114], water scarcity [115], and the loss of ecosystem
services [116], adversely impacts agricultural production capacity.

On the other hand, designing and implementing policies that incentivize agricultural
management practices that stimulate both agricultural productivity growth and environ-
mental sustainability are important and can have both economic and environmental impacts
on agricultural sustainability [117]. Agricultural systems are situated within political envi-
ronments that tremendously influence how they operate. For agricultural systems to be
sustainable, an understanding of how they are influenced by political factors is critical [118].
Policies and regulations, including land use policies, agricultural subsidy policies, environ-
mental protection policies, and policies supporting agricultural technology and innovation,
significantly influence the sustainability of urban agriculture [119]. Policies facilitate or
hinder the sustainability of urban agriculture via their formulation and implementation.

To elucidate the influence of environmental and policy factors on the sustainability of
agriculture across different districts, we conducted interviews with officials from branches
of the Shanghai Municipal Commission of Agriculture and Rural Affairs in nine agriculture
districts from October to November 2023. Each discussion was conducted on a one-on-one
basis, with durations of approximately one hour. The primary focus of these interviews
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revolved around the local agricultural development environment and its current status,
explorations of regional strengths and weaknesses, and discussions regarding the local
agricultural policies that were implemented after 2010. These discussions were aimed at
gathering in-depth insights into the regional specificities that influence agricultural sus-
tainability, including how environmental conditions and policy frameworks have shaped
agricultural practices, challenges, and advancements in these districts. This qualitative
approach provided a nuanced understanding of the multifaceted nature of agricultural
sustainability in the suburban districts of Shanghai and elucidated the critical role of lo-
calized environmental management and policy interventions in promoting sustainable
agricultural development.

5.1.1. Minhang District

The agricultural economic sustainability in Minhang District is lower than the Shang-
hai average, largely due to its proximity to the city center, where land prices are significantly
elevated. This proximity to the urban core generally leads to higher land prices, which in
turn contributes to sustained increases in the costs associated with agricultural production.
Due to its proximity to the city center, Minhang District has consistently had lower environ-
mental sustainability, as determined primarily by factors such as air quality and forest cover
rates. To improve the district’s environmental sustainability, Minhang began promoting the
“enclosed water treatment” of aquaculture wastewater and agricultural wastewater within
the district in 2015, which has helped restore environmental sustainability in the area [120].
Due to the proximity of Minhang District to the city center, the district has an advantage
over other suburbs in Shanghai in terms of income, life expectancy, medical conditions,
and education. Thus, Minhang District is more socially sustainable.

5.1.2. Baoshan District

Similar to Minhang District, most of Baoshan District is close to the city center, and
thus, its agricultural production faces higher labor and land costs. This situation reduces
the economic sustainability of agriculture in Baoshan District [121]. Baoshan District has
always had a low level of environmental sustainability since it is home to Shanghai’s core
industrial area. Since 2012, Baoshan District has mandated that all farms in the district meet
annual pesticide and fertilizer reduction targets, which has led to an increase in Baoshan
District’s environmental sustainability level [122,123]. As the theoretical center of Baoshan
and the subcenter of the city, the Wusong area is separated from Songnan and other towns
closest to the old downtown area by a large industrial area, as no pathway connects these
areas [124]. Geographic barriers created by industrial zones and poor accessibility have
made Baoshan less socially sustainable than it should be.

5.1.3. Jiading District

Jiading District promulgated the Jiading District Farming Layout Plan 2015–2040
in 2015 to regulate and close unregulated livestock farms in the district, which made it
less economically sustainable in 2016. Jiading has lower environmental sustainability
because the district’s characteristic grape-growing industry requires high levels of chemical
fertilizers and pesticides; biopesticides and organic fertilizers are less effective. Due to the
lack of uniform regulation, Jiading experienced an increase in pesticide use in both 2012
and 2014, which led to a decrease in environmental sustainability in both years [122,123].
The increase in social sustainability in Jiading since 2011 may be attributed to the opening
of Shanghai Metro Line 11 in 2010. This line connects Jiading to the city center and greatly
reduces the difficulties Jiading residents face in traveling. Convenient transportation not
only enhances access to suburban medical and educational services but also slows the loss
of the agricultural population [125].
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5.1.4. Pudong New District

The reduced sustainability of the agricultural economy in Pudong is closely related to
the Pudong development process. Particularly after the start of the above-ground construc-
tion of Disney Land in Chuansha, Pudong, in 2013, the production of agricultural products
and the rural population around this traditional agricultural production area decreased an-
nually while the cost of agricultural production increased daily. At the policy level, Pudong
has typically placed significant emphasis on the prevention and control of agricultural
pollution. Since 2012, the district has been promoting reductions in pesticides and chemical
fertilizers, adjusting agricultural structures, increasing green planting, promoting organic
fertilizers, and improving the utilization rate of pesticides. Since 2015, 75 monitoring points
have been established in the district to investigate soil organic matter and heavy metal
content, thus enabling the condition of the soil to be monitored. Pudong is one of the
first regions in China to obtain a B&B business license, which has allowed it to leverage
the influx of visitors brought by Shanghai Disney Land. B&B operating companies act
as investment entities by renting houses from farmers’ homestays, signing 20-year house
rental contracts, and bearing all renovation costs. At the same time, they employ many
young farmers from the surrounding area as B&B service staff, solving a significant number
of employment issues and increasing farmers’ income.

5.1.5. Jinshan District

Jinshan District, as a new national development zone for green agriculture, is in line
with the national concept of sustainability. The entire district advocates for high-yield
and high-efficiency agriculture, enabling it to build an environmentally friendly, resource-
conserving type of agriculture that effectively enhances economic sustainability. In 2015,
Jinshan District carried out comprehensive environmental remediation, retaining only large-
scale breeding farms. With substantial financial support, the breeding industry quickly
recovered. However, the African swine fever outbreak in 2018 once again impacted the dis-
trict’s breeding industry [126]. As a new national development zone for green agriculture,
Jinshan has been committed to establishing environmentally friendly agriculture, which has
kept the district’s environmental sustainability relatively high. Following comprehensive
environmental remediation in 2015, the environmental sustainability of Jinshan District
was restored and enhanced. Constrained by its remote location, the agricultural population
of Jinshan District continues to decline, resulting in lower social sustainability for the
area [127]. To address this issue, the district government is vigorously promoting “un-
manned farms”, and Jinshan District is home to the country’s first robotic intelligent farm.

5.1.6. Songjiang District

Due to the outbreak of African swine fever [128], the economic sustainability of
Songjiang, where farming is the mainstay industry, was significantly reduced in 2018.
The increase in environmental sustainability in Songjiang District after 2017 may be at-
tributed to the district’s pioneering “land fertility insurance system”. Social sustainability
in Songjiang is slightly lower than the Shanghai average, and the trend is similar to that
of the Shanghai average. Despite Songjiang District’s attempts to improve the treatment
of farmers by equating their retirement pay and insurance benefits with those of urban
residents, Songjiang’s social sustainability remains low due to its high levels of aging.

5.1.7. Qingpu District

Due to the political task of “ensuring the red line of arable land” [129], agricultural
economic sustainability in Qingpu District has typically been relatively low. Since 2016,
the Qingpu District has been focusing on the distinctive traits associated with agricul-
tural, industrial development, and enterprise growth. By leading with key enterprises
and adopting an integrated production and sales model of “leading enterprises + coopera-
tives + specialized households”, the district has further strengthened the economic strength,
development vitality, and driving capability of cooperatives. These measures have en-
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hanced economic sustainability. Qingpu possesses the largest inland waters in Shanghai
and has consistently adhered to the “enclosed water treatment” for agricultural wastewater,
resulting in better overall water quality and greater environmental sustainability. Due
to a lack of regulation, fertilizer use increased exponentially in 2016, which significantly
undermined the environmental sustainability of the Qingpu District in those two years.
Qingpu District has a low level of social sustainability due to its relatively remote location,
rapid loss of agricultural population, and low per capita income.

5.1.8. Fengxian District

Due to lower land prices and a greater degree of agricultural scaling and intensification,
the agricultural economic sustainability of Fengxian District was maintained at a relatively
high level before 2018. The African swine fever outbreak in 2018 had a significant impact
on the breeding industry in Fengxian [126]; for instance, large-scale pig farms under
the GuangMing Company operated at a loss for an extended period, which affected the
economic sustainability of Fengxian. Fengxian District has a high level of agricultural
environmental sustainability. The district places great emphasis on the safe production
of agricultural products, has signed a contract with the Agricultural Science Institute to
establish an Agricultural Product Safety Quality Center, and has conducted regular spot
checks on agricultural products within the district. Farms with pesticide residues exceeding
the standards are subject to a “one-strike veto” policy. Due to the weaker financial strength
of Fengxian District, the welfare benefits for farmers are lower than those for farmers in
other districts in Shanghai, leading to lower social sustainability in the district’s agriculture.

5.1.9. Chongming

Due to the low cost of land circulation and strict restrictions on the commercial
development of surrounding land, Chongming has low agricultural production costs and a
high degree of scale, which gives Chongming agriculture greater economic sustainability.
As the second modern agricultural demonstration zone nationally recognized by the
Ministry of Agriculture and a key “ecological island” development focus area of Shanghai,
Chongming has strict annual requirements designed to reduce chemical fertilizers and
pesticides in agricultural products. Similarly, Chongming strictly limits land development
on the island, eliminating all projects that affect the ecological environment, which grants
Chongming agriculture a high level of environmental sustainability. After the completion
and opening of the Yangtze River Cross-Sea Bridge in 2009, the travel time from Chongming
to the center of Shanghai was greatly reduced. Residents no longer needed to rely on ferry
services to commute to and from the Shanghai metropolitan area, which has led to a
continuous increase in the social sustainability of Chongming thereafter.

5.2. Policy Recommendations for Improving the Sustainability of Urban Agriculture in Shanghai

The synthesis of interviews conducted with officials across nine agricultural districts
in Shanghai revealed that the economic sustainability of agriculture within the region is
principally hampered by stringent land use regulations and fiscal setbacks instigated by
unforeseen pandemic events. The pronounced urbanization characteristic of Shanghai
inherently escalates agricultural production costs. Furthermore, rigorous land use regula-
tions impede the capacity of agricultural operators to implement diversification strategies
within their farms [129]. Such diversification is pivotal for the sustainable development of
agricultural enterprises, as it facilitates the exploitation of urban demand for agricultural
commodities and ancillary services. Engagement in diversified activities, including direct
marketing and agritourism, has emerged as a vital strategy for enhancing the economic
resilience and sustainability of suburban farms [130].

The environmental sustainability issues facing Shanghai’s agriculture include decreas-
ing soil organic matter content and inadequate regulation of pesticides and fertilizers.
The decline in the quality of arable land is endangering the foundations of sustainable
agricultural development in Shanghai. This is a common problem when highly productive
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land is used for urbanization and when the fertility of compensated land is low [9]. In
addition, heavy metals and pesticide residues on agricultural land in Shanghai are serious.
According to the results of the 2003 Shanghai Agricultural Land Environmental Quality
Survey, 3.3% of the total number of soil samples failed, and 86.7% of the soil contained a
small accumulation of heavy metals. In addition, Shanghai’s annual pesticide use in 2020
was 0.28 million tons, which is 1.3 times the national average per unit area [131].

The social sustainability challenges of agriculture in Shanghai are primarily concen-
trated on the aging population and the scarcity of young and middle-aged laborers in rural
areas [132]. The widening income gap between rural and urban settings has significantly
contributed to the rapid decline of the agricultural population [133]. This demographic
shift has critical implications for maintaining a viable workforce in agriculture, thereby
impacting the sector’s long-term sustainability and its capacity to meet the food and service
demands of an urbanizing population.

To ensure the sustainability of Shanghai’s agriculture in terms of economic, envi-
ronmental, and social aspects, relevant management departments should promote the
development of smart and robotic agriculture while encouraging the integrated develop-
ment of primary, secondary, and tertiary agricultural industries. Simplifying procedures
for changes in agricultural construction land use, continuing to promote the soil fertility
insurance system to foster cross-sectoral cooperation, and strictly monitoring agricultural
product pesticide residues and the use of pesticides and fertilizers during agricultural
production are essential measures. These strategies lay a solid foundation for the future
sustainable development of urban agriculture in Shanghai.

6. Conclusions

The evaluation system for Shanghai’s urban agricultural sustainability reveals the
weighted significance of various indicators and indicates that the most critical aspect is
environmental sustainability, followed closely by economic and social sustainability. This
prioritization underscores the consensus among experts on the paramount importance
of environmental considerations in the sustainable development of urban agriculture
in Shanghai. The distribution of indicator weights in this study emphasizes the crucial
role these factors play in promoting a sustainable urban agricultural system and offers
detailed insight into the components deemed essential for advancing sustainability within
Shanghai’s urban agriculture framework.

The implementation of the Shanghai agricultural sustainability evaluation indicator
system facilitated a comprehensive assessment of agricultural sustainability across the city’s
districts, revealing nuanced insights into the sector’s performance. The analysis showed an
overall increase in agricultural sustainability, indicating the positive influence of targeted
initiatives and policies across environmental, economic, and social dimensions. Despite
this overall improvement, economic sustainability experienced a decline. Conversely,
environmental sustainability and social sustainability improved.

The assessment trend signifies a changing dynamic in Shanghai’s agricultural sustain-
ability, emphasizing the increasing importance of social factors. The performance across
different districts varied, with most showing moderate environmental sustainability but
weaker social and economic sustainability. These findings provide critical insights for
stakeholders by informing decision making and facilitating targeted interventions that can
enhance the sustainability of Shanghai’s agricultural sector.

In examining the sustainability of agriculture in Shanghai, this research has illuminated
the multifaceted challenges and opportunities present within the region’s agricultural
sector. Central to these challenges and opportunities are the economic, environmental, and
social dimensions of sustainability, each of which is influenced by distinct factors such as
stringent land use policies, pandemic impacts, demographic shifts, and urban–rural income
disparities. The economic sustainability of agriculture in Shanghai faces pressure from high
land prices and restrictive land use policies, which limit the diversification and innovation
potential of agricultural enterprises. Environmental sustainability efforts indicate the need
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for strict monitoring of pesticide residues and the judicious use of agricultural chemicals
while pointing toward a growing emphasis on sustainable farming practices. Socially, the
sustainability of agriculture is challenged by an aging rural population and the migration
of young laborers to urban areas, both of which exacerbate labor shortages in agriculture.

To address these challenges, a multifaceted approach is recommended. This approach
should emphasize the adoption of smart and robotic agricultural technologies, encourage
the integration of agricultural sectors, simplify regulatory procedures for agricultural
land use, and promote cross-sectoral cooperation through initiatives such as soil fertility
insurance systems. Furthermore, ensuring strict compliance with environmental standards
for pesticide and fertilizer use is crucial for safeguarding environmental sustainability.

In conclusion, the path to sustainable agriculture in Shanghai requires a balanced
consideration of economic viability, environmental responsibility, and social equity. By
adopting innovative technologies, fostering integrated agricultural development, and
implementing supportive policies, Shanghai can lay a robust foundation for the sustainable
development of its urban agriculture, which can contribute to the city’s overall sustainability
objectives. This approach not only addresses the current challenges but also anticipates the
future needs of the agricultural sector, ensuring its resilience and sustainability in the face
of changing global and local dynamics.
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