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ABSTRACT. Though urban land covers only around 0.5% of the Earth’s terrestrial surface, urbanization often leads to significant
changes in land use and land cover. However, knowledge on the ecological and social outcomes of urbanization is largely fragmented
across a multitude of local-level studies. We synthesized the outcomes of urbanization on 15 ecological and social variables associated
with regional farming systems, namely water quality, agro-biodiversity, carbon sequestration, control of invasive species, soil fertility,
control of soil erosion, pollination, cultural identity, food security, income and employment, demographic stability, conflict mitigation,
social network, health and education, and equity. From 246 cases, positive, negative, and non-conclusive urbanization outcomes were
extracted. Additionally, distributions of these outcomes by continent, population size of towns/cities, national per-capita GDP, and
dominant farming systems were assessed. As a result, more negative than positive outcomes were found. Although ecological outcomes
were largely negative, social ones were mostly positive. Threats to water quality, demographic stability, and cultural identity arose as
particularly pressing issues. The ecological outcomes related to pollination were largely positive but all other ecological variables reported
higher negative outcomes. The social outcomes related to the economic viability of farming and employment were largely positive,
whereas those related to cultural and equity aspects were predominantly negative. The ecological outcomes were frequently negative
in the Global South, medium-large cities, poor countries, and for livestock or fishery systems. The social outcomes were more frequently
negative in the Americas, highly populated cities and megacities, wealthy countries, and for livestock and fishery systems. The threats
and opportunities of rural–urban transformations in different dimensions and contexts of farming systems should be considered in
any urban planning strategy.
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INTRODUCTION
Urban areas are complex social-ecological systems that comprise
diverse sets of built environments, flora and fauna, economic
activities, and cultural aspects (Ye et al. 2018). At least 55% of
the world’s population live in urban areas, and this percentage is
predicted to rise to 68% by 2050 (United Nations 2018). Although
the global population growth rate has slowed down compared to
previous years, urbanization continues to increase substantially
(Seto et al. 2011). Urbanization is defined as an increase in the
share of the urban population to the total population over time
(Satterthwaite et al. 2010). It is accompanied by an accumulation
or expansion of built-up areas (Beauchemin and Bocquier 2004).
Because agriculture is necessary to fulfil basic human needs, e.g.,
food security, there is a growing interest in maintaining farming
systems in an urbanizing world (Seto and Ramankutty 2016).
Although urbanization can have telecoupled effects on farming
systems across the world, the most direct effects are typically felt
on a regional scale in urban hinterlands, those of urbanization-
driven farmland loss (Seto and Ramankutty 2016). Most notably,
many farmlands are converted to built-up lands in the
urbanization process, and this is one of the least reversible human
activities (Seto and Reenberg 2014). Accordingly, the United
Nations Sustainable Development Goal to strive for “Sustainable
Cities and Communities” is a grand societal challenge (United
Nations 2017). In this context, urban green infrastructure (UGI)
has been introduced as a spatial planning concept to contribute
to sustainable urban development. Although it has been seldom
considered thus far, the integration of semi-natural farmlands

into UGI planning may provide pathways to minimize farmland
loss in the urbanization process (Rolf et al. 2020).  

In the last five decades, an intensive and rapid spatial and
demographic expansion of urban regions has been accompanied
by far-reaching worldwide socio-spatial transformations
(Hoffmann et al. 2017). The transformations have reconfigured
the “hinterlands,” and heterogeneous “urban landscapes’ have
emerged. At least 1.8% of global cropland is projected to be lost
to urban expansion by 2030, and 80% of these losses are predicted
to take place in Asia and Africa. As most urban expansion
replaces fertile arable land (Bren d’Amour et al. 2017),
agriculture-dependent communities give up farming and shift
toward off/non-farm activities. Urbanization also creates
competition over the use of resources (e.g., land, water, labor)
near or within cities. Land fragmentation, land use, land cover
changes, and abandonment of the farming profession are a few
examples of the consequences of urbanization for farming
systems (Seto and Ramankutty 2016).  

The dynamics of urbanization vary considerably between world
regions. Although Europe and North and South America have
been intensely urbanized since the early 20th century,
urbanization in Asia and Africa has taken on faster momentum
since the 1970s (Nagendra 2018), which has not slowed down to
date (Cugurullo 2016). Urbanization in the Global North is
mostly driven by GDP growth, and in the Global South it is
determined by urban population growth rates (Seto et al. 2011).
The share of urban populations to total populations is 40% in
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Africa, 48% in Asia, 73% in Europe, 80% in Latin America, and
81% in North America (United Nations 2014). Commonly, in
low- and middle-income countries, urbanization proceeds
informally, haphazardly, and largely without plans (Satterthwaite
et al. 2010). Rapid rates of urbanization are observed and
forecasted for the Global South, mainly for China, India, and
Nigeria (United Nations 2014). China displays the highest rate of
urban expansion (7.5% per year), while India shows 4.8% and
Africa averages 4.3%; in Oceania, Europe, and the Americas, rates
of urban expansion are currently decreasing, but conversion from
rural to urban lands remains a major process (Seto et al. 2011).
Though urban land covers only approximately 0.5% of the Earth’s
terrestrial surface (Zhou et al. 2015), urbanization causes
significant changes in land use and land cover through the
conversion of natural or semi-natural ecosystems to urban
ecosystems (Ye et al. 2018).  

Urbanization processes often affect ecological aspects of farming
systems (Satterthwaite et al. 2010). For instance, in Nepal, India,
and Bangladesh, urbanization has led to the pollution of rivers
by urban discharge (Karn and Harada 2001). The water has
become unfit for drinking, irrigation, and other social and cultural
events. Similarly, arable soils have decreased under urbanization,
which has ultimately reduced the soil’s organic carbon pool,
increased CO2 emissions (Abu-hashim et al. 2016), and reduced
soil fertility (Zhai et al. 2017). Food and fodder production have
also decreased (Derkzen et al. 2017).  

Urbanization also has implications on the social aspects of
farming. Most urban dwellers work in industrial or service
sectors; therefore, less food is produced than is consumed in urban
areas. Given that most poor urban dwellers have low and irregular
earnings and their access to farm produce is limited, they are more
vulnerable to food insecurity than the rural poor (Tacoli 2017).
Among wealthy urban dwellers, part-time, hobby, and retirement
farming practices are becoming more common than professional
farming, while social farming has become trendier in the urban
periphery. This change reduced the number of both full-time
farmers and land-owners that actually farm (Primdahl et al.
2013). Urbanization also exerts strong, indirect influences on
farmers’ livelihoods in the hinterlands (Zasada 2011). It increases
demand for food and food-based products in urban areas, which
may present opportunities for farmers and other actors across the
food value chains (Hatab et al. 2019). Urbanization is generally
accompanied by increasing wealth levels, but the distribution of
this economic wealth is often unequal (Davis and Henderson
2003). Access to the job market is different for men and women
in cities because of unequal socio-cultural structures;
opportunities for women are often lacking (Sen 2017). Therefore,
urbanization profoundly influences land use and the social
systems of the communities that are in or near urban
agglomerations (Busck et al. 2006).  

Understanding and managing the impacts of urbanization on
farming is central to achieving the Sustainable Development
Goals, but this theme has received relatively little scholarly
attention thus far, except for some overview studies on the impacts
of urbanization on natural lands, agriculture, and food systems
(e.g., Satterthwaite et al. 2010, Bren d’Amour et al. 2017, van Vliet
2019). Accordingly, empirical evidence on the multiple outcomes
of urbanization on farming systems is fragmented across

individual study sites (Su et al. 2014). Interdisciplinary studies
that integrate ecological and social outcomes of urbanization are
rare (van Vliet et al. 2015). Therefore, we explored the ecological
and social outcomes of urbanization on regional farming systems
based on a systematic review of the scientific literature. Our study
was guided by the following research questions:  

1. What are the positive and negative ecological outcomes of
urbanization on regional farming systems, such as soil
fertility, soil erosion, water quality, agro-biodiversity, carbon
sequestration, pollination, and invasive species? 

2. What are the positive and negative social outcomes of
urbanization on regional farming systems, such as income
and employment, food security, health and education, social
networks, equity, demographic stability, conflict, and
cultural identity? 

3. How are these outcomes explained by potential explanatory
variables, such as continent, population size of cities/towns,
national annual per-capita GDP, and dominant farming
systems?

METHODS

Approach
Systematic reviews gather relevant existing scientific literature to
validate and upscale insights and identify potential gaps and
biases (Pullin and Knight 2009). A wide range of synthesis
techniques are available to generate global knowledge from local
case studies (Magliocca et al. 2015). This review was inspired by
previous global and continental reviews of land change processes
and outcomes (van Vliet et al. 2012, Plieninger et al. 2016, Vang
Rasmussen et al. 2018). Prior to the development of the review,
we designed a protocol following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) standards
(Moher et al. 2015; Fig. 1).

Fig. 1. Flow diagram summarizing the number of studies
included and excluded from the synthesis in the screening
process.
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Study selection
To find and select relevant literature, we performed a scoping
exercise in which we tested different combinations of search terms.
Our final search strings provided a balance between being
inclusive and remaining focused. We combined three types of
search strings related to:  

1. farming: “agricult*” OR “farm*” (Opitz et al. 2016); 

2. urbanization: “urban*” (Opitz et al. 2016); and 

3. outcome variables: “carbon sequestration” OR “soil
fertility” OR “soil erosion” OR “water qualit*” OR “agr*
bio*diversity” OR “invasive species” OR “pollinat*” OR
“income” OR “labo*r demand” OR “food security” OR
“health” OR “education” OR “demograph* stability” OR
“equity” OR “social network*” OR “cultural identity” OR
“conflict*”. 

We combined these strings to search for titles, keywords, and
abstracts on the Web of Science (resulting in 4556 hits) and CAB
Abstracts (resulting in 3248 hits) databases on 4 February 2019.
After removing duplicates from both databases, 7024 papers
remained. The idea of our search strategy was to include both
specialist agricultural science papers (in CAB Abstracts) and
more general papers performed in multiple disciplinary contexts
(in Web of Science). We considered only papers in English but
did not restrict the date of publication of the papers.  

We defined the following inclusion criteria, all of which had to
be explicitly met by the studies to be selected:  

1. the paper covered an area that was directly exposed to urban
expansion (i.e., a rural or peri-urban or urban area in the
immediate surrounding of a city); 

2. the paper was based on empirical field data, measuring at
least one ecological or social outcome of urbanization on
farming systems; 

3. the paper provided new results not presented in another
paper; and 

4. the paper measured outcomes up to a regional level, within
a maximum radius of 100 km around an expanding city. 

We selected the papers in three steps for the final analysis (Fig.
1). In the first step, we discarded any paper that directly violated
our inclusion criteria in its title and keywords, retaining 1850
papers for the next step. In the second step, the abstracts of the
retained papers were reviewed and evaluated using the same
inclusion criteria, leaving 559 papers. In the last step, we reviewed
the full text, and 107 papers were finally selected. Cohen’s Kappa
index (Cohen 1960) was calculated to reduce bias and assess the
level of agreement. For that, the first two authors of this
manuscript read the same set of 10% of the papers. We calculated
a Cohen’s Kappa index of 0.84, indicating a high level of
agreement and minimum bias in the selection process. Thus, we
proceeded with the selected 107 papers for data extraction and
analysis.

Data extraction and analysis
We focused on two categories of urbanization outcomes on
regional farming systems: ecological and social outcomes. We
explored several classification frameworks and decided on an

adapted version of the framework developed by van Vliet et al.
(2012). Its 15 outcome variables provide a comprehensive and
meaningful framework for the analysis of multiple ecological and
social outcomes (Table 1). The ecological category comprised the
following outcome variables: water quality, agro-biodiversity,
control of invasive species, carbon sequestration, soil fertility,
control of soil erosion, and pollination. The social category
comprised income and employment, food security, equity, social
networks, demographic stability, conflict mitigation, cultural
identity, and health and education. We also considered the
following four potential influencing variables to explain the
ecological and social outcomes of urbanization on the regional
farming systems: continent, population size, per-capita gross
domestic product (GDP), and dominant farming system (Table
2).  

Because the studies covered different types of urbanization
outcomes and used a variety of indicators and metrics, we
classified the direction of outcomes measured for each variable
into positive, negative, or non-conclusive. Any desirable outcomes
in the regional farming systems from the perspective of the
respective author was considered a “positive outcome”; when the
outcome was unwanted/undesirable, then it was recorded as a
“negative outcome.” If  an outcome was not well-concluded,
whether it was positive or negative or concluded as no or a
confusing outcome, then it was considered a “non-conclusive
outcome.” The two first authors went through the same set of
21% of the selected papers to reduce potential bias in the outcome
interpretation. We calculated a Kappa index of 0.97, signaling a
high agreement between the two authors, i.e., if  the first author
recorded a positive outcome on a certain paper, then so did the
second author. If  a paper reported on work that had been
performed at more than one site or covered more than one
outcome, we recorded each outcome as a separate case. For
example, in a paper by Davivongs et al. (2012), the authors
reported a positive outcome on “income and employment” but
negative outcomes on “conflict mitigation” and “equity.” Thus,
we recorded three cases from this paper. We uploaded 246 cases
from 107 papers on the Zenodo repository (http://doi.
org/10.5281/zenodo.3974027). The strength of evidence of each
case was assessed using a five-point scale (Table 3). We analyzed
our data using descriptive statistics and cross-tabulations to assess
the outcomes of urbanization on regional farming systems.  

We applied a two-tailed Fisher’s exact test, separately for each
category of outcomes and within each category for each
explanatory variable (continent, population size, national annual
per-capita GDP level, and dominant farming system) to examine
if  the outcomes were significantly negative or positive. For
example, out of 72 (excluding three non-conclusive) ecological
cases, 48 cases reported negative outcomes, and the remaining 24
reported positive outcomes. Then, we applied Fisher’s exact test
to examine if  the 48 negative outcomes were statistically higher
or lower than the positive outcomes. We used a reference
distribution of 36 negative and 36 positive cases (half  of the sum
of positive and negative ecological cases). We repeated the same
steps for social outcomes and then for all explanatory variables
and changed the reference distributions accordingly for each test.
We reported the p-value and the odds ratio, i.e., the ratio of
negative to positive results in our case. We extracted the odds ratio
and p-values from Fisher’s exact test. An odds ratio higher than
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Table 1. Outcome variables, their definitions, and the sources of their definitions
 
Outcome variable Definition Sources

Water quality Improvement or impoverishment of physical, biological, and chemical properties of
irrigating (surface or ground) water or water for aquaculture

(Amoah et al. 2005, Arivarasi and
Ganesan 2017)

Agro-biodiversity Increase or decrease in varieties of cultivated flora or fauna either in land or water (Wood and Lenné 1999)
Control of invasive species Improvement or impoverishment of non-native invasive plants or animals in agricultural

system
(Aronson et al. 2007)

Carbon sequestration Improvement or impoverishment in atmospheric CO
2
 fixation into agricultural soil or

water
(Townsend-Small and Czimczik 2010)

Soil fertility Improvement or impoverishment of soil micro or macro nutrients that promote growth
of agricultural plants, diversity and community of soil biota, and soil structure

(Mäder et al. 2002)

Control of soil erosion Increase or decrease of removal of soil particles from agricultural soil due to flood or
wind or human activities

(Patel and Kathwas 2012)

Pollination Improvement or impoverishment of pollen transfer by an insect (e.g., bee) between or
among flowers in a farmland

(McGregor 1976)

Income and employment Increase or decrease in household farm or off-farm income of a farmer/farming
community (income);
increase or decrease in demand for labor in a farming community (employment/labor
demand)

(Income: Rao and Qaim 2011;
employment: Petrick and Zier 2012)

Food security Improvement or impoverishment of type, quality, or quantity of food intake of a
farming household

(FAO 2006)

Equity Improvement or impoverishment of justice or social inclusion, e.g., in job market,
among farmers in terms of gender, age, ethnicity, access to land

(Uprety 1970)

Social networks Improvement or impoverishment of open-ended interactions between agriculture’s
various stakeholders, including for example farmers, merchants, extension agents,
scientists, and government officials

(Wood et al. 2014)

Demographic stability Increase or decrease in out-migration, fertility, and mortality rates within farming
community

(Geist and Lambin 2002)

Conflict mitigation Improvement or impoverishment of misunderstanding/non-transparency in farming
communities for the use of public/common pool goods or services

(Turner 2004)

Cultural identity Improvement or impoverishment of direct or indirect interactions of farming
community to their environment for their interactions or symbolic meaning

(Hall 2014)

Health and education Improvement or impoverishment in physical health, health facilities, education levels,
and education facilities among farmers

(Tong et al. 2017)

Table 2. Explanatory variables, their definitions, and their sources
of data extraction
 
Explanatory
variables

Description Source

Continent The continent in which the case study
site is located (Africa, Asia, Europe,
Latin America, North America, and
Oceania)

Respective study

Population
size

Total number of humans currently
living in a city or a town (the case
study site)
Unit: Count of persons
Scale: City/Town level (2018)

City Population

Per-capita
GDP

The sum of gross value added by all
resident producers in the economy
plus any product taxes and minus any
subsidies not included in the value of
the products.
Unit: US Dollar ($)
Scale: National level (2018)

World Bank

Dominant
farming
system

The main farming system in the case
study site (vegetable crops, annual
crops, perennial crops, livestock or
fishery)
Scale: Case level

Respective study;
World Program
for the Census of
Agriculture

Table 3. Strength of evidence of an outcome presented in a case
and its interpretation
 
Strength of
evidence

Interpretation

5 The methods used to assess the impacts are explained in the
methods section and the analyses of the results are presented.
Reader can get the same conclusions based on the results and
could replicate the study based on the methods.

4 Methods are explained and results shown but some of the
results are not explained. Some of the conclusions do not
match the results.

3 The methods used are explained but certain aspects necessary
for the replication of the study (e.g., sample, the study area
boundaries, etc.) are not provided. Reader could not totally
replicate the study if  s/he wanted.

2 The results are presented and discussed but the methods on
how they get these results are not explained or vice-versa.
Reader does not know how the authors got the results.

1 The impacts are described in the discussion but not explained
in the results and the methods used were not explained.
Basically, reader does not know how the authors get the
conclusions.

one means that negative outcomes were higher than positive ones.
Fisher’s exact test is recommended when the number of counts
for the analysis is small (Bower 2003). In our study, the number
of positive or negative counts were small for some variables. Thus,
we used Fisher’s exact test for consistency of analysis. We
performed the analysis using Microsoft Excel and statistical
software R version 3.6.1 (2019-07-05) for Windows.
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Fig. 2. Geographical overview of the cases and their reported directions of the ecological or
social outcomes of urbanization (non-conclusive cases [n = 9, with 3 ecological and 6 social
outcomes] are not presented).

RESULTS

General trends regarding outcomes of urbanization
Overall, the observed ecological variables were less frequently
studied than social variables (Fig. 2). More negative than positive
outcomes of urbanization on regional farming systems were
reported. As shown in Table 4, the likelihood of obtaining
negative ecological outcomes on regional farming was statistically
twice as high as positive ecological outcomes (odds ratio = 1.99,
p-value = 0.06).

Table 4. The results of Fisher’s exact tests for overall ecological
and social outcomes excluding non-conclusive outcomes. The
odds ratio is the odds of getting negative outcomes compared to
the positive outcomes. * Outcomes are statistically significant at
p < or = 0.1
 
Outcome Odds ratio P-value

Ecological 1.99 0.06*
Social 0.90 0.66

Among ecological variables, soil fertility (n = 5), control of soil
erosion (n = 6), control of invasive species (n = 7), and carbon
sequestration (n = 7) were among the least studied, whereas water
quality (n = 18), pollination (n = 16), and agro-biodiversity (n =
16) were more widely studied. Negative outcomes were frequently
reported for invasive species (100%), water quality (83%), soil
fertility (80%), soil erosion (67%), and carbon sequestration
(57%). In contrast, pollination was reported with more positive
outcomes (Fig. 3).  

For social variables, there were more positive than negative
outcomes, but the difference was statistically non-significant
(Table 4). Social networks (n = 9) were the least studied social
variable, whereas income and employment (n = 43), equity (n =
32), and conflict mitigation (n = 28) were more widely studied.

More positive than negative social outcomes were found for
income and employment (84%), social networks (78%), and health
and education (61%; Fig. 3). Negative outcomes dominated for
demographic stability (93%), cultural identity (73%), conflict
mitigation (64%), and equity (59%). The outcomes of
urbanization on the social category of the regional farming
system were not clear with the possibility of having almost equal
positive and negative outcomes (odds ratio = 0.90, p-value = 0.66).

Fig. 3. Ecological and social outcomes of urbanization on
regional farming systems (N = number of cases per outcome
variable). Bars on the right indicate the average strength of
evidence; each bar represent one point of strength (interpreted
in Table 3).

https://www.ecologyandsociety.org/vol26/iss3/art24/
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Table 5. The results of Fisher’s exact tests for the distribution outcomes of urbanization among explanatory variables excluding non-
conclusive outcomes. The odds ratio is the likelihood of getting negative outcomes compared to the positive outcomes. ** Outcomes
are statistically significant at p < or = 0.05; * Outcomes are statistically significant at p < or = 0.1; † Fisher test is not reported for
ecological outcomes because of too small sample size (n = 1)
 
Explanatory variable Classes/levels of the explanatory

variable
Ecological outcomes Social outcomes

Odds ratio P-value Odds ratio P-value

Continent Africa 3.62 0.09* 0.47 0.10*
Asia 2.86 0.40 0.77 0.49
North America 1.76 0.39 8.02 0.14
Europe 0.31 0.33 1.00 1.00
South America 4.34 0.54 1.69 0.52
Oceania† - - 5.31 0.28

Population size of the town/city Smaller than 100,000 1.57 0.69 0.87 0.73
100,000-1,000,000 4.34 0.05** 0.93 1.00
1,000,001-10,000,000 1.88 0.28 0.77 0.79
Larger than 10,000,000 0.43 0.61 1.32 1.00

National per-capita GDP level (US$) Lower than 3000 4.34 0.05** 0.46 0.02**
3000-10,000 1.57 0.69 1.32 0.58
10,001-50,000 1.20 1.00 1.00 1.00
Higher than 50,000 1.59 0.58 5.10 0.04**

Dominant farming system Vegetable crops 1.98 0.38 1.00 1.00
Annual crops 1.61 0.53 0.81 0.56
Perennial 1.14 1.00 0.52 0.68
Livestock or fishery 9.91 0.06* 1.44 0.59

Outcome distribution by continent
As shown in Figure 2, most of the cases were observed in countries
of the Global South, mostly in Asia (n = 82, with 13 ecological
and 69 social cases) and in Africa (n = 72, with 19 ecological and
53 social cases). In the Global North, Europe (n = 31, with nine
ecological and 12 social cases) was the region most extensively
studied. South America (n = 25, with six ecological and 19 social
cases) and Oceania (n = 8, with one ecological and seven social
cases), including Australia, were comparatively less represented.
Papers on large parts of North Africa, Russia, and Central Asia
were missing, and we found only a relatively small number of
cases in Oceania and South America.  

Negative ecological outcomes were reported more frequently in
all continents, except Europe (Fig. 4). The likelihood of observing
negative ecological outcomes was almost four times higher than
that for positive ecological outcomes in Africa (odds ratio = 3.62,
p-value = 0.09; Table 5). In Europe, we observed that the odds of
a negative ecological outcome were around one-third times lower
than that for a positive outcome (odds ratio = 0.31, p-value =
0.33), but the difference was statistically nonsignificant. In the
case of Oceania, we recorded only one negative ecological
outcome, and thus, we did not perform any statistical test.  

The number of positive social outcomes outweighed negative ones
in Africa and Asia (Fig. 4). In Oceania and the Americas, the
frequency of negative social outcomes was higher. However,
statistically interesting (or almost) significant results were
observed only in Africa and North America. The likelihood of
observing a negative social outcome in Africa was around half  of
that of a positive outcome (odds ratio = 0.47; p-value = 0.10),
whereas in North America it was eight times higher than that of
a positive outcome (odds ratio = 8.02, p-value = 0.14; Table 5).

Fig. 4. Ecological and social outcomes of urbanization on
regional farming systems across continents (* Outcomes are
statistically significant at p < or = 0.1).

Outcome distribution by population size
As shown in Figure 5, the highest number of cases was reported
from cities with a population size smaller than 100,000 (n = 85,
with 13 ecological and 72 social cases), and the lowest share
originated from large cities with a population size larger than
10,000,000 (n = 21, with seven ecological and 14 social cases).
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Fig. 5. Ecological and social outcomes of urbanization on
regional farming systems across population sizes of cities/towns
(** Outcomes are statistically significant at p < or = 0.05).

In all cities, except for those with populations higher than 10
million, the number of cases reporting the negative ecological
outcomes of urbanization were higher. We observed four-fold
higher cases with a negative ecological outcome than positive
outcome in cities with a population of 100,000 to one million with
statistical significance (odds ratio = 4.34, p-value = 0.05; Table
5).  

As for social outcomes, positive outcomes were reported in a
higher number of cases for all cities/towns, except for cities with
a population larger than 10 million (Fig. 5). However, across all
four population size classes, the odds ratio values were around
one. This indicates the equal likelihood of obtaining a positive or
negative social outcome of urbanization in regional farming
systems (Table 5).

Outcome distribution by national annual per-capita GDP level
As shown in Figure 6, the impacts of urbanization on regional
farming systems were most frequently studied in the areas with
national annual per-capita GDP less than US$3000 (n = 106, with
22 ecological and 84 social cases) and least frequently in areas
with a GDP between US$10,001 and US$50,000 (n = 20, with 12
ecological and eight social cases).  

We observed a higher number of cases reporting negative
ecological outcomes (Fig. 6) in all GDP levels. In the areas with
a GDP level lower than US$3000, the likelihood of observing a
negative ecological outcome was four times higher than that for
positive outcomes with statistical significance (odds ratio = 4.34,
p-value = 0.05; Table 5).  

As for the social impacts of urbanization, we observed a higher
proportion of negative than positive outcomes for areas with per-
capita GDP levels higher than US$50,000 and US$3000–10,000,
and a lower proportion of negative outcomes for areas with an
income less than US$3000 (Table 5). In areas with an annual per-
capita GDP level higher than US$50,000, the likelihood of
observing negative social outcomes was five times higher than
achieving positive outcomes (odds ratio = 5.10, p-value = 0.04).

In contrast, in areas with a per-capita GDP level less than
US$3000, the likelihood of observing a negative outcome was
around half  compared to that for observing a positive outcome
(odds ratio = 0.46, p-value = 0.02).

Fig. 6. Ecological and social outcomes of urbanization on
regional farming systems across national annual per-capita
GDP levels (** Outcomes are statistically significant at p < or =
0.05).

Outcome distribution by dominant farming system
We also categorized our results based on the dominant farming
systems (Fig. 7). Our results showed that the highest number of
cases were reported from areas dominated by annual cropping
systems (n = 122, with 22 ecological and 100 social cases) and the
lowest number of cases originated from areas with perennial crops
(n = 28, with 16 ecological and 12 social cases).

Fig. 7. Ecological and social outcomes of urbanization on
regional farming systems across dominant farming systems (*
Outcomes are statistically significant at p < or = 0.1).
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In most types of farming systems (exception: perennial crops), a
higher number of cases reported negative ecological outcomes of
urbanization. In areas dominated by perennial crops, an almost
equal number of cases reported positive and negative outcomes
(odds ratio = 1.14, p-value = 1.00). However, the statistically
meaningful result was only obtained in livestock or fishery
dominated areas, where the likelihood of obtaining negative
results were almost 10 times higher than those for positive
outcomes (odds ratio = 9.91, p-value = 0.06).  

As for the social outcomes of urbanization, we observed a lower
proportion of negative outcomes compared to positive outcomes
for all areas, except livestock or fishery dominated areas (Fig. 7).
However, these results were not statistically significant.

DISCUSSION

General trends regarding outcomes of urbanization
Urbanization develops much more dynamically in the Global
South than in the Global North (Seto et al. 2011). Our review
confirmed that not only the manifestations of urbanization but
also the research agendas taken to study urbanization differ
between the Global South and North, as supported by Nagendra
et al. (2018). Ecology-related agendas were studied frequently in
the North, whereas social ones were predominantly prioritized in
the South, focusing on issues such as farmers’ livelihoods or
equity.  

Ecological variables were generally reported with more frequent
negative outcomes than social variables. Water quality was the
variable with the highest share of negative ecological outcomes
and was intensively substantiated in the scientific literature.
Impervious surfaces in cities limit water infiltration and increase
the depth of surface runoff (Long et al. 2014). Urban runoff-
water often carries elevated levels of pollutants that contaminate
landscapes (Cadenasso et al. 2008) and the food chain,
consequently affecting human health. In the Global South, e.g.,
in Ghana (Amoah et al. 2005), Burkina Faso (Dao et al. 2018),
and Pakistan (Bashir et al. 2018), farmers sometimes are bound
to irrigate their crops with contaminated water, which spreads
water-borne diseases. The risk of spreading such diseases is
further increased by the congested housing in many urban areas
(Seto and Pandey 2019).  

Our finding of largely negative urbanization outcomes on soil
fertility and the control of soil erosion is supported by Zhang et
al. (2011). Frequently, replacing greenspaces by grey spaces
aggravates soil erosion (Van Hengstum et al. 2007). However, in
Inner Mongolia, urbanization decreased both water and wind
erosion because people shifting to non-farming activities reduced
soil disturbance (Wang et al. 2018). In some other cases,
urbanization can promote soil fertility with a planned process of
collecting and decomposing biodegradable soil wastes to
composts for distribution across farms. Such management might
also foster job options and food security for urban dwellers
(Mkwambisi et al. 2015).  

In urban landscapes rather than rural landscapes, a higher number
of the pollination outcomes of urbanization were positive, mainly
because urban greenspaces, with an abundance of both native and
non-native flowering plants, offered more diverse habitats and
forage for different insect pollinators (Gren and Andersson 2018).

The increase in plant diversity was related to a higher income level
but was limited to places with a lower degree of urbanization.
With higher degrees of urbanity, plant diversity decreased
(Chamberlain et al. 2019), which could have implications on the
abundance of pollinators. However, sometimes the risk of pests
and invasion come along with the introduction of non-native
plants in the name of enhancing plant diversity. For instance, an
outbreak of the citrus canker damaged both ornamental
gardening and the citrus industry in urban areas of Florida and
took over 20 years to be eradicated (Gottwald et al. 2001).  

As for social outcomes, our review identified more positive than
negative outcomes. This could be expected because infrastructural
development during urbanization frequently increases employment
options and the income level of people (Arouri et al. 2017).
However, these gains could be inequitably distributed
(Balakrishnan 2013, Song et al. 2018). These inequalities were
related to the phenomenon of occupation transition; peasants
faced difficulties in finding fair employment following
urbanization because of their limited education or skill level as
compared to city dwellers, making peasants vulnerable to
unemployment. However, urbanization improved agricultural
commercialization (Siciliano 2012) and farmers’ access to (new)
markets (Otieno et al. 2009). For example, market access following
transportation corridor development during urban expansion
fostered regional equity between northern and southern regions
of Uganda (Dorosh and Thurlow 2012).  

There were conflicts among the negative social outcomes of
urbanization, for example, between farmers and governments
about compensation for farmland conversion to urban
infrastructures in Shanghai in China (Song et al. 2018) and
southern India (Balakrishnan 2013). Conflicts also arose in
relation to livestock raising in and around urban areas. The odor
from livestock and their manure often caused a conflict between
farmers and residents (Liffmann et al. 2000). Conflicts might also
occur among farmers of different age groups about perceived
impoverishment of values and societal norms through
urbanization and modernization (Slemp et al. 2012).  

Our review indicated that increased food security was not among
the positive outcomes of urbanization. Farmers’ out-migration
to urban areas and involvement in off-farm activities increased
dependency on non-farm income sources, which may reinforce
vulnerability toward food insecurity, especially for the urban poor
(Satterthwaite et al. 2010). However, the outcomes on food
security were context-dependent, without a clear global pattern
depicting positive or negative outcomes. This review
demonstrated that urbanization had more negative than positive
outcomes on the cultural identity of farming systems, as
illustrated by the cases of intensive market-oriented rice
monoculture in the low lands of urban areas in the Philippines
and Vietnam, which shifted away from traditional subsistence
integrated farming systems in rural areas (Tekken et al. 2017).
Overall, the general trend of these outcomes seems to be case
dependent.

Distribution of outcomes
Urbanization outcomes differed across continents. Most of the
positive social outcomes were recorded for Asia and Africa,
mainly because, in these continents, agriculture in urban and peri-
urban regions offers important opportunities for food security,
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especially in West Africa (Karg and Drechsel 2018). In North
America, despite a long history of designing urban green
infrastructure (Ahern 2007), many cases of negative ecological
urbanization outcomes were reported. Here, spatial planning is
less developed than in Europe, with intensive urban sprawl being
a consequence (Barrington-Leigh and Millard-Ball 2015). Many
positive ecological outcomes were reported in Europe, possibly
because many European cities are actively promoting biocultural
diversity (Elands et al. 2015), especially when compared to an
increasingly ecologically impoverished countryside (Zasada
2011).  

Our review further indicated that poorer and smaller cities
reported relatively more frequent negative ecological outcomes,
whereas megacities were related to higher positive ecological
outcomes of urbanization (Fig. 5). In larger and wealthier cities,
the higher proportion of green infrastructures resulted in a higher
abundance of plant species, thus promoting pollination (in New
York; Aronson et al. 2007) or soil erosion control (in Shandong;
Lu et al. 2015). Such positive correlations between income and
ecological outcomes in an urban context are often explored by
the environmental Kuznets curve. Studies based on this curve
often demonstrate that income level and ecological degradation
are positively associated in low-income countries but negatively
associated with an increase in income or in high-income countries
(Mosconi et al. 2020). With the rise in income level in both
situations, inequity or gentrification of neighborhoods could be
reproduced (Schell et al. 2020). The relatively higher share of
positive ecological outcomes in Europe could confirm the
environmental Kuznets curve.  

National wealth and positive social outcomes of urbanization
were often inversely associated, as higher positive social outcomes
for urbanization were reported in poorer rather than wealthier
countries. As supported by the findings of Nguyen et al. (2016)
in Vietnam and Wenban-Smith et al. (2016) in Tanzania,
urbanization frequently offers poor farmers an opportunity to
raise their income level by providing options of urban and peri-
urban farming, as well as off-farm activities in cities or in the
hinterlands. However, the income distribution of those activities
may not be equitable. In the long run, our results confirmed that
urbanization often leads to higher income inequalities (Liddle
2017).  

Different dominant farming systems respond differently to
urbanization. Livestock or fishery systems seemed to be most
affected by urbanization, with a particularly high proportion of
negative ecological outcomes. This finding was confirmed both
in poor (Hazari and Kumar 2003) and wealthy urban contexts
(Liffmann et al. 2000). In contrast, studies on perennial cropping
systems, e.g., those centered around wine production in the
Oplenac region of Serbia (Perovic et al. 2018) and deciduous fruit
trees in New York (Aronson et al. 2007), revealed more positive
than negative outcomes among both social variables. These
farming systems seem better adapted to urban settings because
of characteristics such as lower labor demand and improved
market access.  

Our results indicated that urbanization might offer benefits in
terms of income options and health and education, most likely
because of the capitalization of economies of scale. Such
improved well-being seems to be translated into reduced human

fertility and mortality rates (Beauchemin and Bocquier 2004).
This finding may also be influenced by the fact that most migrants
from rural areas were young or middle-aged, whereas elderly
farmers often remained in rural areas (Song et al. 2018),
highlighting the demographic instability between rural and urban
areas.

Policy implications
Because urbanization can express itself  in positive and negative
outcomes in regional farming systems, efforts should be made to
increase the positive and mitigate the negative outcomes when
building sustainable cities and communities. One way of doing so
is to better connect rural and urban people and enterprises and
to enhance regional farming systems sustainably by recognizing
the capacity of the farmers (Satterthwaite et al. 2010) to feed
people in the region equitably and sustainably. Because
urbanization mostly concentrates and centralizes economic value,
matter, energy, and people at the center of the modern urban
lifestyle (Barthel et al. 2019), inclusive urban policies should be
promoted to foster equity among core city dwellers and peri- or
ex-urban dwellers.  

Our finding of significantly high negative ecological outcomes
indicates a clear need for spatial planning policies that specifically
address the ecological impacts of urban expansion on farmlands.
For example, restoration and conservation policies should
explicitly consider the specifications of productive farmland in
urban and peri-urban environments, particularly fostering soil
fertility, control of soil erosion, and carbon sequestration, thus
maintaining productive agriculture and food security under
conditions of urbanization (Barthel et al. 2019).  

A particularly promising intervention pathway to enhance
positive ecological outcomes of urbanization may be UGI
planning, here understood as “a strategic planning approach that
aims to develop networks of green and blue spaces in urban areas,
designed and managed to deliver a wide range of ecosystem
services and other benefits at all spatial scales” (Hansen et al.
2017:3). UGI planning can effectively foster biodiversity
conservation, climate change adaptation, a green economy, and
social cohesion by providing multiple nature-based solutions
(Raymond et al. 2017). UGI planning is based on four principles:
integration (of green and grey infrastructures), connectivity
(between green/blue spaces and surroundings), multifunctionality
(of ecosystem services), and social inclusion (during design,
development, and implementation; Rolf et al. 2020). However,
farmlands have rarely been considered in UGI strategies. The
integration of farming components, such as orchards, grazing
lands, (peri-)urban farmlands, and retention ponds, in a
catchment area of urban green infrastructures to UGI planning
may have the potential to control soil erosion and flood events,
promote habitats and connectivity for plant and animal
populations, enhance water quality, and foster food security.
Future research on the implications of such an integrated
approach are needed to better inform urban policies. When co-
designed with researchers, practitioners, policy makers, and
relevant stakeholders, farming components, such as green
infrastructures, can offer integrated and cost-efficient solutions
to coupled ecological and social challenges in urban and
landscape planning. Such a strategy would enhance urban food
production, nature protection, and environmental justice in urban
and nearby areas.
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Future research avenues
Our review of the scientific literature was comprehensive, but it
showed that there are substantial evidence gaps. First, although
urbanization facilitates synergies and trade-offs among multiple
social and ecological values, only a small number of such
interactions among outcome variables have been investigated in
our sample. Some studies pointed to interlinkages, for instance,
between water pollution in urban runoffs and the spread of water-
borne diseases in countries, such as Ghana (Amoah et al. 2005),
Burkina Faso (Dao et al. 2018), and Pakistan (Bashir et al. 2018).
Another example is a study of how inequity increased with
increased income levels in urban landscapes in consequence of
limited education and income-generating skills of rural dwellers
in China (Song et al. 2018). Ecological synergies were investigated,
for example, related to pollination and plant diversity in Berlin
(Hausmann et al. 2016). These examples of synergy and trade-
offs are case-specific and reveal a need to explore the interactions
more systematically between social and ecological variables.
Additionally, existing studies are typically limited to assessing
interactions between two or three different variables, and there is
a need that future studies consider a broad set of ecological and
social variables, addressing for example all (or most) of the 17
Sustainable Development Goals. Second, information on vast
regions of North Africa, Russia, and Central Asia is missing, and
we found only a relatively small number of studies from Oceania
and South America. Thus, more research is needed in these
regions to understand the impacts of urbanization on farming
systems. Third, this review reported a smaller number of
ecological outcomes in comparison to social outcomes. Future
research needs to cover the ecological aspects of urbanization
more comprehensively.

CONCLUSION
Urbanization is a major phenomenon of global change that
sparks multiple sustainability outcomes. Urbanization and
farming systems are in competition for land because urbanization
mostly occurs at peri- or ex-urban landscapes. As for our results,
our synthesis identified that water quality, soil fertility, and
control of invasive species were major negative ecological
outcomes. Pollination seems to be promoted in urban landscapes,
as most cases of pollination reported positive outcomes.
Regarding social outcomes, demographic stability and cultural
identity were identified as particularly pressing issues. Social
outcomes of urbanization related to the economic viability of
farming and employment were often positive. Among the
potential explanatory variables, negative ecological outcomes of
urbanization most frequently occurred in the Global South, in
medium-large cities, in poor countries, and in regions where
livestock or fishery systems were dominant. Social outcomes were
more frequently negative in the Americas, in large and megacities,
in wealthy countries, and in areas with predominant livestock or
fishery systems, and positive in poor countries. With these results,
our global review of the ecological and social outcomes of
urbanization on regional farming systems offers some key lessons.
Most notably, it shows that urbanization is a complex social-
ecological process that affects regional farming systems in both
positive and negative ways. Overall, our synthesis suggests that
negative outcomes of urbanization on farming systems
outnumber the positive ones, highlighting that urbanization
overwhelmingly acts as a pressure on regional farming systems.
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