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Abstract

The development of urbanization and the emergence of a large number of poor mi-
grants in cities have given rise to the emergence and dynamic development of urban
agriculture in both developed and developing countries. Urban agriculture has good
ecological and environmental benefits, it can reduce the urban heat island effect,
regulate the local climate and improve air and water quality; it can recycle urban
waste and reduce urban rubbish, while the reuse of wastewater saves resources and
fertilizers; and it can reduce global carbon emissions, which is conducive to regu-
lating the global climate. However, urban agriculture also has certain ecological
drawbacks. The environment and conditions for urban farming are relatively poor,
so more fertilizer is applied; it is susceptible to heavy metals, contaminated air, and
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) X industrial pollution, so there is a potential risk to human health from urban agricul-
Chonggqing, China.

ture products, and the government should plan and regulate urban agriculture. In the
context of China's rapid urbanization and its green and shared transformation, it is
of forward-looking significance to pay attention to the ecological effects of urban
agriculture.
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1. Introduction

Urban agriculture is based on agricultural production and supply, the use of modern science and technology, focusing
on serving the diversified needs of urban residents, and driving the development of traditional agricultural areas. With the
characteristics of leisure tourism, cultural creativity, ecological conservation, cultural heritage, science education multi-
functional expansion, and one-two-three industries integrated development of the composite agricultural form, it is an
important source of income in many cities in developing countries. In recent years, urban agriculture has also developed
in developed countries, and people in Canada, the United States, Australia, and the United Kingdom have great enthusi-
asm for urban agriculture. There are two main reasons for the rise of urban agriculture: (1) with increasing urbanization,
70% of the world's population will be concentrated in cities by 2050; and (2) the ecological value of growing crops in
urban areas, which reduces the ecological impacts of built systems as well as enhancing their resilience [1]. Urban agri-
culture can contribute to sustainable urban development, hence the growing interest in urban agriculture in both developed
and developing countries. The practice of urban agriculture is mainly concentrated in large cities such as Shanghai, Bei-
jing, Guangzhou, Kathmandu, Jakarta, etc. With the rapid development of urbanization in China, more and more people
will be concentrated in the cities, and there will be a large number of urban poor and migrants, who have a low level of
education and most of them do not have vocational skills, and thus cannot find a job from the secondary and tertiary
sectors. Thus, urban agriculture will be an inevitable choice for them. Today, China strongly advocates green and sus-
tainable development, and the focus on the ecological effects of urban agriculture has a prospective value.

Research on urban agriculture in China and abroad either focuses on the assessment of the effects of urban agriculture
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and its qualitative and quantitative research, which lacks a global perspective, or is limited to the current status of urban
agriculture development in a developing or developed country. Few studies have focused on the ecological effects of
urban agriculture, so this paper analyses the ecological effects of urban agriculture from a global perspective and explores
its benefits and drawbacks for the sustainable development of urban ecosystems.

2. Main functions of urban agriculture

Urban agriculture refers to agricultural production, processing, and distribution in urban or suburb areas, including
urban horticultural agriculture, aquaculture, poultry farming, labour-intensive honey production, and basement or sheds
mushroom production, where the primary motivation for production is for personal consumption or financial income,
excluding agricultural activities for recreational purposes. An urban agriculture site may be a farm, a community plot, a
family backyard, or a small area in a housing unit in the urban core. In recent years in China, there have been more and
more cases of our residents growing flowers, fruits, and vegetables in the city, and most of them use these sites such as
family balconies, upside, and the front and back of the house to integrate agriculture into their communities and lives. In
the process of urban agriculture production, citizens exercise their bodies and get close to nature, and community agri-
culture is also a link between neighbors, so urban agriculture has the function of physical and mental health. In addition,
in developing countries, such as China, for example, in the process of rapid urbanization, there are often problems of food
security and safety, difficulties in employment for large numbers of poor migrants, and serious pollution of urban land.
This is why the importance of urban agriculture comes into play, and it also has the following three main functions.

2.1 Leisure and entertainment function

Community gardens, rooftop farms, and green space in the city offer opportunities for relaxation, socialisation, and
personal fulfillment. This kind of space often hosts events such as farmers' markets, food festivals, and seminars. In the
fast-paced urban life, people increasingly desire to be able to get away from the noise and pressure and enjoy leisure time
in nature. Therefore, urban agriculture has gradually become a new form of leisure and entertainment. Urban farms are a
good example. This kind of farm is located in the center of the city or the edge of the city and has multiple functions such
as recreation, education, and greening management. Citizens can plant and fertilize with their own hands here, which
greatly enhances their awareness and concern for the ecological environment. At the same time, this public space can also
organize some DIY activities with strong hands-on needs, agricultural product sales, and so on so as to facilitate the public
to buy authentic high-quality agricultural products and promote simple green consumption. Of course, urban agriculture
is not just about growing vegetables and raising poultry. A cultural career is also an indispensable part of it. For example,
in Changping District of Beijing, there is a long history of farmers' cooperative community—Shahexiang Township,
where a large number of Beijing's traditional farming culture and ecological and environmental protection concepts have
been preserved. There citizens can listen to planting technology courses, buy traditional handicrafts, and feel and experi-
ence Beijing's unique culture in various activities.

2.2 Food security

A survey has shown that urban farming contributes 30 percent of the vegetables consumed in Kathmandu, the capital
of Nepal, 45 percent in Hong Kong, 50 percent in Karachi, the port city of Pakistan, 60-85 percent in Shanghai, 70 percent
in Dakar, the capital of Senegal, 90 percent in Dares Salaam, the capital of Tanzania, 10 percent in Jakarta, the capital of
Indonesia, and 30 percent in La Paz, a city in western Bolivia [2]. Urban agricultural production can make good use of
wastewater, and an important advantage of urban wastewater utilization is that urban agricultural production can be car-
ried out normally even during the dry season, thus increasing food security [3]. The average logistics distance for food
delivery to large cities in China is usually 800 to 1500 kilometers, with high energy consumption and vulnerability to
natural disasters, etc. There is an urgent need for resilient urban food systems, which can be addressed by the development
of urban agriculture [4]. For example, in Shenzhen, combining agriculture with science and technology, the development
of science and technology agricultural parks has played a very positive role in urban food factories; in Beijing, there are
more and more green agricultural products ordering ways and citizens' farms and other forms of urban agriculture; in
Shanghai, the concept of residents' "greening autonomy" has been vigorously promoted, which has increased the popu-
larity of community gardens and the development of urban food factories among the urban residents. In these cases, urban
agriculture can enhance the resilience of urban food supply, improve risk resistance, and guarantee food safety because it
makes use of vacant land in and around cities and greatly shortens the distance of food transport [5]. At the same time,
for residents in the city who can make use of unused land such as in front of and behind their houses, rooftops, balconies,
etc. planting flowers, fruits, and vegetables near their homes is not only an organic cultivation, but also greatly reduces
the extent of the use of pesticides and fertilizers, and all of these can alleviate the problem of food safety [6].
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2.3 Poverty reduction effect

Urban agricultural produce can be used for personal consumption or sale, thus creating” real economic income" and
"alternative economic income". "Alternative economic income" refers to the substitution of goods or labour for money
that would otherwise be spent on acquiring those goods or their equivalents; in 1990, almost half of the households in
metropolitan areas of developing countries spent their economic income on household food purchases, and the proportion
was even higher among low-income households, and this proportion is still rising [7]. Through urban agriculture farming,
city dwellers save a lot of money. Urban agriculture is a labor-intensive industry, which helps to transfer the surplus
labour from rural areas and to employ the unemployed in the cities, thus increasing their income level. According to a
survey of home gardens in Mindanao, Philippines, the economic contribution of home gardens to low-income households
reached 50 percent [8]. When agricultural production reaches a certain scale or quantity, it can be used for personal
consumption or sale, so there is alternative income, which plays a certain poverty reduction effect for some of the urban
poor. In addition, after a certain level of development of urban agriculture, it can participate in expanding the market
going internationally and thus generating foreign exchange income [9].

2.4 Providing employment opportunities

According to the Food and Agriculture Organization of the United Nations (1999), the global economic crisis, rapid
population growth, deterioration of national economies, and continuing economic difficulties have led to the development
of urban agriculture in developing countries, of which Zimbabwe is a representative [10]. With half of Africa's population
already living in cities and the urban population set to continue to grow, it is inevitable that a significant proportion of the
urban poor and migrants will need to rely on urban agriculture for their economic resources and employment. At home,
we also have a large number of rural and urban poor migrants, so the development of urban agriculture around the outer
ring of the city can be a good way to combine urban and rural areas and help rural residents get employment at home
without having to migrate to big cities. Chengdu has done well in this regard, with its urban agriculture combining agri-
cultural reaction and rural tourism, thus achieving industrial integration and expanding employment for local urban resi-
dents on the outskirts of the metropolitan area. With the development of urban agriculture, many social enterprises have
emerged. These enterprises or businesses help citizens design gardens and grow vegetables. They also absorb some of the
urban labour force, contributing to social development and economic progress. In addition, urban agriculture usually
requires mills or workshops, thus bringing micro-industries to the suburbs, which is not only convenient for local residents
but also creates employment. For example, Wuhan's vigorous development of urban agriculture in the suburbs has pro-
moted the rapid development of the seed industry, agricultural science and technology, and rural science and technology
information industry in the suburbs, creating many job vacancies.

3. Ecological and environmental benefits of urban agriculture

Urban agriculture has ecological and environmental benefits such as shortening food transport distances, contributing
to the sequestration of carbon emissions, contributing to the reduction of the urban heat island effect, providing habitat
for wildlife, and being able to utilize waste.

3.1 Regulating local air and water quality

Urban green infrastructure plays an important role in the urban climate, regulating air quality, local climate, and water
quality. The moderating effect of urban green vegetation on air quality depends mainly on the ability of plants to absorb
airborne particles, and the extent of the effect increases with the increase in the leaf green band index. Trees as well as
herbaceous species of urban agriculture reduce suspended dust and can reduce the air pollution rate of many compounds,
especially dioxide. In addition, urban agriculture reduces the flow of food to the city, reduces traffic injuries, reduces
adverse effects on the air, and conserves fossil fuel resources. In terms of filtration and evaporation, urban vegetation
reduces air pollution as well as sewage flow.

Vidin Hill (2014) also came to a similar conclusion that vegetable green tops have similar water retention capacity
compared to traditional Sedum tops [11]. Trees and other plants with a high foliar green index are more effective in
reducing the urban heat island effect.

3.2 Regulating the global climate

The proximity of urban agricultural markets and the reduction of "food transport kilometers" can have a positive impact
on the global climate. Typically, food products are transported over long distances from farms to consumers and need to
be boxed and stored, with considerable losses in the supply chain, ranging from 2-33 percent [12]. Urban agricultural
products are able to reduce transportation, packaging, and storage due to their proximity to consumers, thus reducing
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carbon emissions and having a positive impact on regulating the global climate. A study showed that there is a total of
5,881.35 ha of potential space for urban agriculture in the main urban area of Nanjing, which can produce 225,000 tonnes
of vegetables per year, which can satisfy 43.6% of the annual vegetable consumption in the main urban area, and reduce
CO; emissions from food transportation by 63,700 tonnes [13]. This shows that urban agriculture can indeed reduce
carbon emissions while shortening the kilometers of food transportation, and can play a positive role in global climate
regulation.

Urban farming contributes positively to the global climate by utilizing unused or degraded land, such as land under
power lines, land affected by seasonal flooding, land along railways, and land in industrial zones, which increases the
urban chlorophyll index and improves the vegetation cover of green spaces throughout the city as well as the coverage of
various crops. Urban agriculture can be other crops according to local climate and soil needs. This also means that urban
agriculture can have an indirect positive effect on household carbon emissions by changing consumers' dietary preferences
and directing people towards low-carbon food consumption. The reduction in carbon emissions from fruits and vegetables
is 11%, and the reduction in carbon emissions for an average household in the US is at most 4-5% [14]. A recent study
of the life cycle of community open space agriculture in the UK found that about 0.4 percent of urban agricultural food
can reduce carbon emissions [15].

3.3 Reusing waste and wastewater

Urban sanitation is an important issue in many cities in developing countries with a growing urban population. Urban
agriculture recycles waste, and researchers are increasingly recognizing the importance of reusing waste from urban farm-
ing for solid waste reduction and waste disposal. In some developing countries, compost derived from household waste
is used for plant disease control, municipal solid waste is used in urban agriculture, and human waste is used as a substitute
for plant fertilizer.

The ability of urban agriculture to reuse liquid or solid waste not only eases to the urban waste problem but also saves
resources. As an example of recycling wastewater, it is estimated that about 10 percent of the world's wastewater is used
for irrigation. The city of Santiago, Chile, as well as all wastewater in Mexico, is used for irrigation. In South Africa,
about 20 percent of wastewater is reused in agriculture.

Urban agriculture also promotes the reuse of inorganic waste, such as the use of plastic bottles, bins, barrels, cans, car
tires, etc., for soil-less cultivation, which not only contributes to environmental sanitation but also provides fresh food
[16].

4. Ecological and environmental demerits of urban agriculture

Although the risk of most urban agricultural products is minimal, the overuse or irrational use of chemicals in urban
agricultural farming, or contaminated irrigation water, can contaminate urban groundwater and soil. The leakage of liquid
and solid wastes from urban poultry farms into the soil can also have an adverse effect on the soil. Thus, urban agriculture
also carries certain ecological risks.

4.1 Generation and exposure to chemical contamination

Compared to rural agriculture, insecticides are used more frequently in urban agriculture, such as once or twice a week.
Insecticides are spread through personal sprayers, which not only have an adverse effect on growers and consumers but
are also harmful to the environment. With heavy urban traffic, air, soil, and water tend to be more polluted. As a result,
urban agricultural cultivation is exposed to various adverse factors such as high concentrations of sulfur dioxide, nitrogen
dioxide, and ozone. Urban agriculture phytochemicals can contaminate soil or water, which can lead to chemical residues
in agricultural products and toxic residues in plant storage organs such as roots and stems [17].

Chemical contaminants in soil, on the other hand, include heavy metals, hydrogen compounds, pesticides, and other
chemical residues. Cultivation sites are at risk of heavy metal contamination if they used to be industrial areas, or if they
are close to factories. The risk of heavy metal contamination also occurs when the water and soil used for planting are
contaminated with industrial or mining waste. While selective planting is one approach, the United States and Canada
have adopted an alternative approach of rigorous assessment, monitoring, quarantine, biological modification, cover layer,
and off-site treatment [18]. The United Nations Environmental Protection Agency (EPA) has developed guidelines for
this type of "brownfield" farming, which encourages garden growers to identify the history of their plots and to conduct
rigorous testing of soil samples.

4.2 Possible health hazards

Urban agriculture is potentially risky for human health given the relatively poorer farming environment in cities, which
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may be subject to greater microbiological hazards, as well as chemical contamination. Vegetables grown on roadsides
have much higher microelement levels than those grown in rural areas [19]. These edible plants increase the chances of
injury to humans, and the risks include increased cancer rates and mortality [20], with greater risks for the elderly as well
as the very young.

During the production process, producers are in contact with pollutants and gases, which include heavy metals, pesti-
cides, microbial bacteria, etc. Diseases can be transmitted to humans through vectors during urban poultry feeding or
meat processing and consumption, or directly from reared poultry to humans. Thus, not only consumers are at risk, but
also producers.

Urban agriculture is at risk of contamination with heavy metals and other chemicals, which can lead to chemical resi-
dues in agricultural products that are hazardous to human health. A study was conducted on water pollution in Dakar, the
capital of Senegal, which investigated pesticide contamination in twenty wells and found that pesticide poisoning did
exist [21]. Worldwide, despite the existence of various integrated management of urban agricultural production (IMUAP)
programmes, there is a need to train growers, salesmen, retailers, salespersons, and chemical retailers in the area of pest
and disease identification in order to get them to use insecticides correctly and to try to use less harmful insecticides.

4.3 The case of Japan

Similar to other industrialized countries, Japan has experienced a series of environmental crises in the course of rapid
urbanization and economic growth. As a result of laissez-faire urban planning, Japan has seen the emergence of mixed
agricultural, residential, industrial, and commercial zones. Within these mixed areas, various land use conflicts frequently
arise. The proximity of residential neighbourhoods to agricultural land makes residents vulnerable to agricultural chemi-
cals. In agricultural neighborhoods on the outskirts of Tokyo, pesticides and suspended particles of organophosphates
have infiltrated residential houses and childcare centres. The exposure degree of these houses and nurseries, which are
close to farms, depends on the pesticide species, and such indoor air-pesticide-suspended particles are a major source of
human inhalation pollution [22]. The heavy use of fertilizers also leads to the accumulation of nitrogen in the groundwater,
which is often close to tea plantations, orchards, vegetable fields, and poultry farms, a situation that also exists in urban
centers [23]. Of course, urban agriculture is not the only source of pollution; other industrial chemical pollutants are also
important in urban agriculture zones. In the 1970s, Japan enacted regulations to manage calcium contamination of food
and agricultural soils, but in the 1990s, the Japanese people still had the highest levels of calcium in their bodies in East
and Southeast Asian countries [24]. It may take decades for the Japanese nation to solve the problem of calcium pollution
in agricultural soils.

4.4 The case of China

With the rapid advance of urbanization in China, several drawbacks have arisen in the development of urban agriculture
due to the lack of long-term unified planning for the development of urban agriculture. For example, Zhengzhou City, as
aresource city, in the early stage of developing urban agriculture, due to the excessive pursuit of high yield of agricultural
products, a large number of harmful products such as chemical fertilizers and pesticides have been used in the production
process, which led to serious damage to the agro-ecological environment, surface and groundwater resources, etc. This
not only pollutes the environment but also jeopardises the daily food safety of urban residents. In addition, the phenome-
non of water pollution in Beijing is also very serious, in which the fertilizers and pesticides used in urban agricultural
cultivation have a certain impact on water resources [25].

5. Conclusions and recommendations

In conclusion, urban agriculture has important social, economic, and cultural values that are crucial for the survival and
development of the urban poor and migrants in developing countries. Urban agriculture has its positive environmental
benefits, but it also has potential threats to the environmental environment and human health. In the context of China's
rapid urbanization and the advocation of green and shared development, we need to protect and promote urban agriculture;
while we also need to strengthen the planning and regulation of urban agriculture.

The government should establish a mechanism for urban agriculture planning and involve farmers in the planning of
urban agriculture. The government should also strengthen the regulation of urban agriculture by monitoring and control-
ling the ecological and environmental benefits and drawbacks of urban agriculture, and by setting standards for the hy-
giene and quality of urban agriculture products. The sustainable development of urban agriculture depends on the pro-
duction systems and farming methods used, but there is a lack of research in this area.
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