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Abstract

Private gardens constitute a large part of many cities, making them a potential con-
tributor to food security in urban areas. The aim of this study is to increase knowledge
about the potential of private gardens to cover the nutritional needs of city dwellers.
The case study sets out to investigate how much of the recommended intake of
vegetables (as described in the reference diet proposed by the EAT-Lancet Com-
mission) can be covered by private urban gardens in the Swedish cities of Ostersund,
Hiarnosand, Sodertilje, and Lund. Statistical data on yields of six selected vegetables
together with geographic information system (GIS) data were used. The estimated
food production was subsequently compared to the nutritional needs of the urban
population of the cities. This study indicates that the potential to cover the nutri-
tional needs in the cities is considerable. The capacity varied depending on the size
of the used cultivable area and the types of vegetables grown. If 20% of the avail-
able cultivable area was used for growing vegetables, between 12% and 23% of the
recommended intake of vegetables could be covered by private gardens in the four
investigated cities. If 85% of the same area was used, more than 90% of the recom-
mended intake of vegetables could be covered in two of the investigated cities. The
study indicates that the potential in urban areas in Sweden to meet the nutritional

needs with vegetables grown in private gardens is considerable.

Plain Language Summary

The way we produce food needs to change if we want to feed a growing population
without damaging the world’s ecosystems. One way to produce more food without
intruding into natural ecosystems is to grow food in cities. A large part of many cities
is taken up by private gardens. The aim of this study is to evaluate how much nutrients
people can get from private gardens in four Swedish cities. The study shows that
private gardens in the cities of Harnésand, Ostersund, Sodertilje, and Lund can cover
a large part of the nutritional needs of city dwellers. Up to 23% of the recommended

vegetable intake can be produced in private gardens if 20% of the garden area is

Abbreviation: UA, urban agriculture.
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used for growing crops. If the cultivated areas are increased to 85%, almost all the

necessary nutrients from vegetables can be cultivated in private gardens.

1 | INTRODUCTION

The global population is expected to increase from 8 billion
(2022) to 9.7 billion in 2050. A growing population entails a
need for increased food production. During the past 50 years,
the global food system has increased its efficiency and
productivity manifold, resulting in numerous positive effects
such as less hunger, improved life expectancy, decreased child
mortality rates, and so forth (Willett et al., 2019). However,
this change has also come with numerous negative effects on
planetary health. Currently, the food system is accountable
for up to 34% of total greenhouse gas emissions (Crippa
et al., 2021) and is one of the strongest drivers of loss of
biodiversity, loss of drinking water, disruption of our global
nitrogen and phosphorus cycles, and deforestation (Campbell
et al., 2017; Conijn et al., 2018; Springmann et al., 2018;
Willett et al., 2019). The food system thus needs a radical
transformation to produce more food without increasing the
pressure on the planet’s ecosystems. In 2018, 55% of the
world’s population lived in urban areas, and this number
is predicted to increase to about 68% in 2050 according
to the UN (United Nations, 2018). To meet the nutritional
needs of an increased population and reach the Sustainable
Development Goals, systemic innovation in terms of how
food is produced, consumed, and disposed of is needed.
Urban areas constitute between 2% and 3% of the world’s
land surface (Gao & O’Neill, 2020; Liu et al., 2014), and
urban agriculture (UA) (including periurban farming) has
been estimated to be able to nourish around 1 billion city
dwellers worldwide (Pradhan et al., 2023). Different forms of
UA (including commercial greenhouse cultivation systems,
allotments, community gardens, public food forests, etc.) may
thus significantly increase food security in terms of people’s
access to sufficient, safe, and nutritious food. Private gardens
constitute a large part of many cities in Sweden, making them
a potential source of food in urban areas (Hanson et al., 2021).
Cities of today are often highly dependent on imports of food
from all over the world. Both the COVID-19 pandemic and
Russia’s invasion of Ukraine have shown how vulnerable the
global food system is. For example, before the invasion, Rus-
sia and Ukraine together accounted for 20% of global maize
exports, 30% of global wheat exports, and almost 80% of
sunflower seed products (FAO et al., 2022). Low degrees of
self-sufficiency make cities vulnerable to disturbances in dif-
ferent parts of the global food system (Gulyas & Edmondson,
2021). Increasing the amount of food being produced in cities
or close to cities would strengthen the resilience of urban

living. UA can also increase total food production without
transforming more land into agricultural land, instead using
marginal land of little or no agricultural or industrial value,
including private gardens for farming (Gulyas & Edmondson,
2021; Haller & Jonsson, 2020). Dense cities may have limited
availability to provide quantity and variety of food; urban
farming of selected crops may contribute significantly to
food resilience and provide nutrients for those with access to
land-based or other production systems (Saha & Eckelman,
2017).

Swedish food production per capita has decreased in recent
decades. Currently, only about 50% of the food consumed in
Sweden is produced within its national borders (SBA, 2022).
Swedish consumers are particularly dependent on imported
goods when it comes to fruit and vegetables. In Sweden, about
85% of the population live in urban areas (Svanstrom, 2015),
and a large proportion have access to private gardens. Sweden
has a large surface with large variations in its agricultural
potential between the north and south. The country is divided
into eight different agricultural production areas on the basis
of characteristics such as soil type, topography, and climate,
which all influence productivity (Larsson, 2006). Although
the local soil characteristics tend to be less important in UA
than in field-scale agriculture (Eizenberg, 2012), the climate
varies considerably between the south and the north.

Despite a growing interest in UA from researchers dur-
ing the last 20 years (the number of articles in the scientific
databases has increased 18-30 times since 2000 [Dobele
& Zvirbule, 2020]) and an increasing number of attempts
to quantify the potential contribution of UA to local food
systems, there is a lack of systemic knowledge of how the
productivity of UA compares to conventional agricultural pro-
ductivity (Payen et al., 2022). Estimating crop production in
urban areas is a complex endeavor since the productivity (as
well as environmental impact) varies widely between different
urban spaces (allotments, rooftops, indoor farming) and pro-
duction systems (hydroponics/soil-based, vertical/horizontal
growing systems) (Hawes et al., 2024; Payen et al., 2022; Tay-
lor, 2020). Several meta-analyses of UA productivity indicate
that UA yields are on par with or greater than the global aver-
age agricultural yields (Dorr et al., 2021; Payen et al., 2022),
but most studies have been made with a limited number of
crops (lettuce and chicory being the most studied crop cate-
gory [Payen et al., 2022]). The representativeness and general
usefulness of such data may be limited, and Richardson and
Moskal (2016) call for the development and promulgation of
anormative UA system based on experimental evidence and a
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systems-based, adaptive approach to research. Studies on eco-
nomic aspects of UA crop yields, such as gross margins, input
data used to achieve outputs, and the contribution of home
economics, are rare (Glavan et al., 2018; McDougall et al.,
2019). Hitherto, few studies have focused on food produc-
tion in private gardens (Gerster-Bentaya, 2013; Ghosh, 2021;
Zainuddin & Mercer, 2014). In private gardens, crops may be
grown in mixed polycultures, with two or more crops grow-
ing in intimate association (Richardson & Moskal, 2016),
which further complicates the task of quantifying yields. The
focus of this study is on private gardens and their potential
to supply city dwellers with nutrients rather than agricul-
tural production per se. The objective is to shed light on the
nutritional needs that can be covered by private gardens by
assessing (1) the available cultivable area, (2) its potential
vegetable production, and (3) the percentage of the recom-
mended intake of vegetables that yields from private gardens
can provide. An estimation was made for four cities in Swe-
den: Lund, Sodertilje, Harndsand, and Ostersund. The four
case cities were selected for a larger research project on com-
munity gardening in Swedish small- and medium-sized towns
to which this assessment belongs. The selected cities dis-
play similarities in terms of size but also differences in terms
of geographical location (i.e., climate zones) and population
density.

2 | MATERIALS AND METHODS

2.1 | Current food production in Sweden
Swedish food production per capita has decreased in recent
decades. Currently, only about 50% of the food consumed in
Sweden is produced within its national borders (SBA, 2022).
Swedish consumers are particularly dependent on imported
goods when it comes to fruit and vegetables. More than
90% of the consumed fruits and about 70% of the consumed
vegetables in Sweden are imported.

2.2 | Available cultivable area

Lund, Sodertdlje, Harndsand, and Ostersund are Swedish
cities situated in three different agricultural production areas
from the most southern to the second most northern produc-
tion area (Figure 1). The average temperature, length of the
growing season, and day length all vary between the four
cities. The two most northern cities, Harnésand and Oster-
sund, have the lowest average temperature and the shortest
growing season, and the most southern city, Lund, has the
highest average temperature and the longest growing season
(see Figure 2). The growing season is defined as the period
starting the first day of the year with a continuous 4 days
of daily average temperature exceeding 5°C and ending the
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Core Ideas

* Private gardens in Sweden have a considerable
potential to produce vegetables.

* Up to 23% of the recommended vegetable intake
can be produced in current private gardens.

* More than 90% of the vegetables can be pro-
duced in private gardens if the cultivated area is
increased.

last day of the last continuous 4 days with daily average tem-
perature exceeding 5°C. The cities are of different sizes in
terms of area as well as population, ranging from the small-
est when it comes to population, Harndsand, to the largest,
Lund, which has a population five times larger than that of
Hiarnosand. When it comes to area, Lund is the smallest,
whereas Harndsand is more than twice the size of Lund. The
largest municipality by area is Ostersund. In all three cities,
the vast majority of the population live in the urban parts of
the municipalities.

This study focuses on the central urban area, defined as the
intact urban area from the city center. Urban area in this con-
text was defined as the area classified as “‘conurbation” by
Statistic Sweden, which is defined as an uninterrupted area
of settlements with at least 200 people living in it. The popu-
lation density of the central urban area of the cities also varies
a lot from about 1500 people per square kilometer in Oster-
sund and Harn6sand to more than 3500 in Lund (SCB, 2024)
(see Table 1 for more demographic data).

In this study, only private gardens were assessed. All areas
within the same property boundaries as a privately owned
residential building, such as a detached house, townhouse,
or linked house (privately owned residential buildings), were
defined as private gardens. No further investigation of owner-
ship or usage of the buildings or gardens was carried out. A
limitation on the size of the property was set to 10,000 m?
to exclude farm-like properties. A typical Swedish garden
consists of 49% lawn, 18% flowerbeds and horticulture, 11%
unkept areas, 9% stone and gravel, 7% trees and fruit trees,
and the rest 6% water, hedges, and fences (Bjorkman, 2012).

To estimate the area of land available for horticulture
within the central urban parts of the cities, the software QGIS
(QGIS version 3.28.1-Firenze) was used. The steps, shown
in Figure 3, gave the sum of all available cultivable area as
defined in the study. Shading from trees and adjacent build-
ings was not accounted for in the calculations. Although shade
has been found to reduce urban crop yields by 19%-35%
(Richardson & Moskal, 2016), this is less of a problem for
the sites included in this assessment since the buildings are
typically one or two stories and cover 15%—24% of the gar-
den area. For the 20% example, it would be possible to find
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FIGURE 1

cultivation areas where the buildings’ shade is not a problem.
For the 85% scenario, shading from buildings could result in
lower productivity in some of the areas. Trees may be pruned
or taken down if such a scenario is envisaged.

2.3 | Nutritional need

The EAT-Lancet report (Willett et al., 2019) proposes a
global planetary health diet that is healthy for both people
and the planet. The diet is based on an average consump-
tion of 2500 kcal per person per day and consists of eight
main categories of food, as described in Table 1. This study
assessed six vegetables representing three of the categories:
(1) tubers or starchy vegetables, (2) vegetables, and (3) protein
sources. The three categories all contain vegetables that are
commonly grown in Swedish gardens (Olsson, 2014). Three
scenarios were envisaged with different combinations of food
categories: Scenario 1, in which all three categories of food
were included; Scenario 2, in which the protein source was
excluded; and Scenario 3, in which the protein source was
excluded, and broccoli replaced lettuce (Table 2). Potatoes,
lettuce, and carrots are among the 10 vegetables with the
highest yields in Swedish gardens (Olsson, 2014). The sce-
nario in which lettuce is replaced by broccoli involves a green
vegetable with higher nutritional content, recommended by

Agricultural production areas of Sweden and the location of Lund, Sodertilje, Hirnosand, and Ostersund. Maps created from
Production areas Jordbruksverket; 1:50 000 Nedladdning, raster CCO.

the Swedish Food Agency, as well as a commonly used veg-
etable in Swedish kitchens. To also cover the vegetable protein
source in the Lancet report, a scenario was created in which
green peas were also included. Green peas are also commonly
used in Swedish kitchens.

The yields from the three scenarios were calculated based
on the assumption that either 20% or 85% of the cultivable
area was used for horticulture. The level of 20% represents
the share of Swedish private gardens currently used for hor-
ticulture and flowerbeds (Bjorkman, 2012). The level of 85%
represents a case where all possible land is used for horticul-
ture. A 100% usage of the cultivable area was not considered
since 15% of the garden area is assumed to be covered by
pathways, rocks, smaller buildings, and so forth. Households
generate considerable amounts of food waste in Sweden.
However, this was not accounted for when calculating the
percentage of the nutritional needs that the yields can meet,
since the estimated numbers on food waste in Sweden vary
considerably between different surveys.

2.4 | Potential vegetable production

Potential vegetable production was estimated based on avail-
able statistics on commercial yields for the different crops.
An average of the most recent 5 years of available data on
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FIGURE 2 To the left: Monthly average temperatures for Lund (blue), Sodertilje (green), Hiarndsand (gray), and Ostersund (orange). To the

right: Numbers of days of growing season in Lund, Sédertilje, Harnosand, and Ostersund (SMHI, 2024).

TABLE 1 Demographic data for Lund, Sodertilje, Hirnosand, and Ostersund.
Lund Sodertiilje Hirnosand
Population 125,941 100,111 25,114
Proportion of population living in urban areas 95.5% 92.3% 79%
Municipality, area 42,683 52,400 105,827
Population in central urban area (evaluated in this study) 94,393 76,320 18,508
Area of central urban area (evaluated in this study) 2652 2824 1164
Population density in central urban area (p/km?) 3559 2700 1590
Percentage of population living in one- or two-dwelling buildings 30.6% 30.1% 50.3%
Note: Data were retrieved from Statistics Sweden (SCB, 2024).
TABLE 2 Categories of food, recommended daily intake, and crops used in the study.
EAT-Lancet report Subcategory/example Amount (g/day) recommended
category source by Willet et al. (2019) Scenario 1 Scenario 2
Whole grains Rice, wheat, corn 232 - -
Tubers or starchy Potatoes and cassava 50 Potatoes Potatoes
vegetables
Vegetables Dark green vegetables 100 Lettuce Lettuce
Red and orange 100 Carrot Carrot
vegetables
Other vegetables 100 Cauliflower Cauliflower
Fruits Apples, pears, oranges 200 = =
Dairy foods Milk, cheese 250 - -
Protein sources Animal — —
Dry beans, lentils, peas 120* Green peas (wet — —
weight)
Soy foods 25 - -
Peanuts 25 - -
Tree nuts 25 - —

Added fats
Added sugars

2The dry weight of peas was multiplied by 2.4 to convert it into the wet weight.

Ostersund
63,985
89.4%
220,835
52,980
3699

1432
35.7%

Scenario 3

Potatoes

Broccoli

Carrot

Cauliflower
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Map showing Lund (1:50 000
Nedladdning, raster, Swedish
Land Survey Authority): Urban
areas as defined as
conurbation by Statistic
Sweden in brown
(Tatorter_1980-2020). Central
urban area encircled with
purple, the urban area within
the circle is used for this study.

are extracted.
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Map showing Lund: Properties
(GSD-Fastighetskartan vektor,
Fastighetsindelning, Swedish
Land Survey Authority). All
properties that to some part are
within the Central urban area

BENGTSSON AND HALLER

Zoomed map over Lund: Buildings
(GSD-Fastighetskartan vektor,
Bebyggelse ). All buildings within
central urban area shown in

orange.

Zoomed map over Lund: All
detached houses, town houses,
and linked houses are
extracted and marked in red
(homes).

FIGURE 3

yields from Statistics Sweden (SCB, 2024) was used to esti-
mate the potential yield per hectare for the different crops
in the different cities. The best available data in terms of
geographical context were used (i.e., data for the county of
Skane were used for Sodertilje and Lund, and data for Dalarna
were used for Hirnosand and Ostersund). To compensate for
the limited available site-specific statistics on yields, a cor-
rection factor was employed, based on the relation between
potato yields in the production area where the city is located
and the potato yield of the county from which the data were
retrieved. The correction factors used were 1.08 for Lund, 0.83
for Sodertilje, and 0.85 for Hiarnosand and Ostersund (see
Table 3).

The composition of the garden area was set to meet the
nutritional needs. The area used to grow the different crops is
dependent on the area needed for each crop to meet the nutri-

Zoomed map over Lund: All
properties containing detached
houses, town houses, or linked
houses with an area less than
10,000 m2 extracted and
marked in green (gardens).

garden areas are summed up
and all building footprints (both
homes and other buildings)
within the gardens are
subtracted from the total
garden area. This equals the
total cultivable area.

The main steps employed in QGIS to estimate the available cultivable area in Lund, Sodertilje, Hirnsand, and Ostersund.

tional needs. This area was found by calculating the total area
needed to get a yield representing the nutritional needs for one
person for 1 day (i.e., for Scenario 1, the area to get 100 g let-
tuce, 100 g cauliflower, etc.). The area needed for each crop
was then divided by the total area (the sum of area for all crops
in that scenario) to get the percentage of the total area needed
for each crop. The composition of the cultivable area is thus
dependent on the crops grown. In Scenario 1, the largest part
of the utilized area was used for green peas. For Scenarios
2 and 3, where green peas were excluded, it was dark green
vegetables (lettuce and broccoli) that covered the largest part
of the cultivated area (Figure 4). To calculate the productiv-
ity for each city (each production area), the total yield was
divided by the area used. No reduction of the productivity
caused by shading effects from, for example, buildings was
done.
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TABLE 3 Available and used statistics for the different crops (SBA, 2022) and used correction factor.

Lund (data from Skane  Sodertiilje (data from

Cropl/city
Potatoes (kg/m?)
Broccoli (kg/m?)
Carrots (kg/m?)

Cauliflower (kg/m?)
Green peas (kg/m?)

Lettuce (kg/m?)

county)

3.56

0.89 (0.82 x 1.08)
6.92 (6.40 x 1.08)
1.86 (1.72 x 1.08)
0.36 (0.33 x 1.08)
1.84 (1.70 x 1.08)

Héarnosand (data from Ostersund (data from
Skane county) Dalarna county) Dalarna county)
2.74 2.53 2.53
0.68 (0.82 % 0.83) 0.50 (0.58 x 0.85) 0.50 (0.58 x 0.85)

5.31 (6.40 x 0.83)
1.43 (1.72 x 0.83)
0.27 (0.33 x 0.83)
1.41 (1.70 x 0.83)

2.71 (3.19 % 0.85)
1.31 (1.54 x 0.85)
0.21 (0.25 x 0.85)
0.57 (6.75 x 0.85)

2.71 (3.19 % 0.85)
1.31 (1.54 x 0.85)
0.21 (0.25 x 0.85)
0.57 (6.75 x 0.85)

Note: Data for yields of potatoes are data for the production area where the city is located (G6taland southern flat land for Lund, Svealand flat country for Sodertilje, and
Southern Norrland for Hirndsand and Ostersund). For the other crops, data from Skéne (for Lund and Sédertilje) and Dalarna (for Hirngsand and Ostersund) are used
together with a correction factor (1.08 for Lund, 0.83 for Sédertilje, and 0.85 for Hirnosand and Ostersund). For potatoes, the data are for the actual production area of

the cities (no correction factor is used).

Scenario 1

Lund/
Sédertilje

Hérnésand/
Ostersund

@ Potatoes
© Green peas

Scenario 2

Scenario 3

© Carrots @ Cauliflower
©® Lettuce @ Broccoli

FIGURE 4 Share of the cultivable area garden required for the different crops to cover the recommended needs for each crop category in the

three scenarios in Lund/Sédertiilje and Hirndsand/Ostersund.

Statistics on the yields of different crops were collected
from the Swedish Board of Agriculture database (SBA, 2022).
Data on horticulture and edible plants were used for certain
crops (cauliflower, carrot, lettuce, and broccoli), while agri-
cultural yield data were used for other crops (potato and pea).
The available garden area was calculated based on data from
Statistics Sweden (SCB, 2024) and the Swedish Land Survey
Authority (Lantmiteriet) via the National Geodata Platform
and Statistics Sweden (SCB, 2024). Data on property bound-
aries and buildings were collected from the Swedish Land
Survey Authority. Data on urban areas (tdtorter) in Swe-
den were collected from Statistics Sweden (SCB, 2024).
The following datasets were collected from the Swedish

Land Survey Authority: 1:50 000 Nedladdning, raster; GSD-
Fastighetskartan vektor, Fastighetsindelning (2019-07-02);
GSD-Fastighetskartan vektor, Bebyggelse (2019-07-02). The
following datasets were collected from Statistics Sweden:
Shape_Svenska, KommunSweref99; Tétorter_1980-2020.

2.5 | Limitations

No specific data on yields from leisure gardening have
been used. The data used are official statistics on yields
from commercial agriculture and horticulture. No correc-
tion or adaptation to convert the yields from commercial
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TABLE 4

Number of properties with private garden

Total garden area (ha)

Percentage of urban area occupied by private gardens
Garden area, share of property

Average garden size (m?)

Garden area/capita (m?)

agriculture to leisure gardening has been done. Studies from
other countries indicate that yields from private gardening
vary a lot, from higher than conventional agriculture to con-
siderably lower for certain crops such as tomatoes (Algert
et al., 2014; CoDyre et al., 2015; Edmondson et al., 2019).
Finding a correction factor to compensate for this was thus
not deemed viable.

3 | RESULTS

3.1 | Available cultivable area

The city of Ostersund turned out to be the city with the largest
area of gardens available for horticulture of the four case
cities. The total available cultivable area in Ostersund was
more than twice as large as that of Lund and Héarnsand, and
almost twice as large as that of Sodertilje, even though the
number of properties with private gardens was almost the
same for Lund as for Ostersund (Table 4). The average pri-
vate garden in Ostersund (1120 m?) was more than twice the
size of that in Lund (540 m?). In Hirnosand, where only about
3400 properties had private gardens as defined in this study,
the average garden size was 825 m?, and in Sodertilje with
about 4800 properties, the average garden size was 830 m?.
The share of the properties occupied by buildings ranged from
15% (Ostersund) to 24% (Lund) (Table 4). In Hirnosand,
about 20% of the total central urban area consisted of private
gardens, and in Ostersund, this proportion was about 17%. In
Lund and Soédertélje, the proportion of private gardens was
50% lower than in Hérndsand. Considering the size of the
population in relation to the garden area, Hirnosand had a
garden area of 127 m? per capita; in Ostersund, the garden
space per capita was about the same (122 m?/capita), whereas
in Sodertilje, the garden size per capita was about one third
of that in Hirndsand. Lund had the smallest garden area per
capita with 29 m?.

3.2 | Potential vegetable production

The productivity of gardens in the four cities for the different
scenarios is shown in Figure 5. The productivity was highly
dependent on the kind of crops grown, but there was also a

AcCESs BENGTSSON AND HALLER

Characteristics of private properties and garden area in Lund, Sodertilje, Hiarnosand, and Ostersund.

Lund Sodertilje Hirnésand Ostersund
6812 4806 3421 6768

278 325 235 645

10% 11% 20% 17%

76% 81% 83% 85%

540 830 825 1120

29 43 127 122

high variability between the different cities and production
areas. The highest potential productivity was reached in Lund
in Scenario 2.

The total potential yearly yields for the three scenarios
when 85% of the cultivable area was used in the four cities
are shown in Table 5. The total yield of vegetables, for Sce-
nario 1, was 23,454 metric tons in Lund, 2105 metric tons
in Sodertidlje, 1065 metric tons in Harndsand, and 2922 met-
ric tons in Ostersund. When 20% of the cultivable area was
used, the total yield for Scenario 1 was 552 metric tons
in Lund, 495 metric tons in Sodertilje, 251 metric tons in
Hirnosand, and 688 metric tons in Ostersund. The result
for the 20% scenarios is not shown in Table 5. When green
peas were excluded (Scenarios 2 and 3), the total yields were
higher, and the highest yields were achieved in Scenario 2,
where lettuce represents the green vegetable.

3.3 | Nutritional need

For Scenario 1 (20% of the cultivable area used), private gar-
dens could supply more than 4000 people with their annual
needs of vegetables, starchy vegetables, and protein from peas
in Ostersund. In Hirndsand, the same scenario would feed
1460 people, and in Sodertilje, almost 2900 people could get
their annual recommended intake of vegetables from private
gardens. The total yield in Lund could cover the needs of
about 3220 people. This indicates that almost 8% of the people
living in the central urban areas of Hirnosand and Oster-
sund could satisfy their annual needs of vegetables, potatoes
(starchy vegetables), and protein from peas from private gar-
dens. In Lund and Sodertélje, this number would be between
3% and 4%. If the protein source is excluded, the coverage
was more than three times higher in Sodertilje and Lund
and almost three times higher in Hirndsand and Ostersund
(Table 6). For Scenario 1 (85% of the cultivable area used),
the total yield in Ostersund could supply more than 17,000
people with their annual needs of vegetables, starchy vegeta-
bles, and protein from peas. The total yield in Lund could
cover the needs of about 13,600 people. In Héirndsand, this
scenario could feed more than 6200 people, and in Sodertilje,
more than 12,200 people. This indicates that about 34% of the
people living in the central urban areas of Harndsand could
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B Scenario 1
M Scenario 2
[l Scenario 3

Harndsand/Ostersund

Productivity for the different scenarios and cities presented in kilograms per square meter (kg/m?). For Hirngsand and Ostersund,

the same production rates have been used as they are located in the same production area, resulting in the same productivity.

TABLE 5

Total yield in metric tons of the different crops from private gardens in Lund, Sodertilje, Harndsand, and Ostersund if 85% of the

available cultivable area is used for horticulture for the three different scenarios.

City Scenario Potatoes Carrots
Lund Scenario 1 249 499
Scenario 2 866 1732
Scenario 3 607 1215
Sodertilje Scenario 1 224 448
Scenario 2 777 1555
Scenario 3 545 1091
Hirndsand Scenario 1 113 227
Scenario 2 325 649
Scenario 3 299 597
Ostersund Scenario 1 311 622
Scenario 2 891 1782
Scenario 3 819 1639

get their daily needs for vegetables, potatoes (starchy vegeta-
bles), and protein from peas from private gardens, and this
figure is 32% in Ostersund. In Lund and Sodertilje, the yield
could cover the needs of about 14% and 16% of the population,
respectively. If protein is excluded, the yields from private gar-
dens could give enough vegetables to feed more than 90% of
the population of the central urban areas in Harnosand and
Ostersund.

4 | DISCUSSION

The results of this study showed that private gardens in
the central urban area of the four investigated cities (Lund,

Cauliflower Lettuce Broccoli Peas
499 499 0 599
1732 1732 0 0
1215 0 1215 0
448 448 0 537
1555 1555 0 0
1091 0 1091 0
227 227 0 272
649 649 0 0
597 0 597 0
622 622 0 746
1782 1782 0 0
1639 0 1639 0

Sodertilje, Harnosand, and C)stersund) have considerable
potential to contribute to urban food production. Even when
only a small part of the available cultivable area was used for
food production (20%), the contribution to nutritional needs
was considerable. The 20% scenario is not far-fetched since
it equals the garden area used for flowerbeds and food pro-
duction in Swedish gardens today. Increasing the cultivated
area to 85%, however, would entail a larger transformation
of the garden area, since about 50% of the area in a typical
Swedish garden consists of lawn (Bjorkman, 2012). The 85%
scenario may not be likely in the immediate future, but since
the potential to cover the nutritional needs of city dwellers is
high, private gardens constitute a realistic alternative to food
provision in times of crisis or heightened alert.
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TABLE 6

BENGTSSON AND HALLER

Ostersund that can be achieved for the three different scenarios (20%/85% of the cultivable area used).

Number of people fed and the percentage of the nutritional needs met for the urban population in Lund, Sodertilje, Hirnosand, and

Scenario 1 Scenario 2 Scenario 3

20% 85% 20% 85% 20% 85%
Lund 3200 (3%) 13,700 (14%) 11,200 (12%) 47,500 (50%) 7800 (8%) 33,300 (35%)
Sodertilje 2900 (4%) 12,300 (16%) 10,000 (13%) 42,600 (56%) 7000 (9%) 29,900 (39%)
Hérngsand 1500 (8%) 6200 (34%) 4200 (23%) 17,800 (96%) 3800 (21%) 16,400 (88%)
Ostersund 4000 (8%) 17,000 (32%) 11,500 (22%) 48,800 (92%) 10,600 (20%) 44,900 (85%)

Population density in urban areas is arguably the most
important factor determining how large a share of the yearly
need of vegetables, starchy vegetables, and protein from dry
beans can be met by vegetables grown in private gardens.
Another factor affecting the potential is the geographical loca-
tion of the cities. In Lund, situated in the most southern
production area, where the average yield per square meter is
more than twice as large as in Ostersund, the lesser available
cultivable area per capita is compensated to some degree by
its higher productivity. In Sodertilje, the share of the nutri-
tional needs that can be met by urban gardening was similar
to Lund (despite the population density only being 79% of
that of Lund) due to less favorable growing conditions. Yet,
another explanation for the different results between the cities
might be found in the way people live. In Hérnosand, more
than half of the households live in one- or two-dwelling build-
ings, where it might be possible to have a private garden; in
Ostersund, this number is less than 37%. For citizens with-
out immediate access to private gardens, other forms of UA
such as allotments, community gardens, or public food forests
may be an alternative. Unpublished data from the research
group suggest that limited access to private gardens may be
compensated by higher access to allotment gardens. In Lund,
the available area of allotment gardens is 4.9 m” per capita
compared to between 0.5 and 1.2 m? for the other three munic-
ipalities. The potential of other types of UA to cover the
nutritional needs of all urban dwellers should be considered
for future research.

In this study, three scenarios with different crops were
assessed. The results showed that productivity is highly
dependent on which crops are grown but also on which nutri-
tional categories of food the yield shall cover. The inclusion
of a protein source (in this case, green peas) demands a large
part of the cultivable area to meet the nutritional needs. If
the protein source is excluded, the potential yield (in kg) is
about 2.8-3.4 times higher. Ackerman et al. (2014) show that
in New York, there are more suitable crops if the aim is to
cover a large part of the annual consumption, such as tomatoes
and dark green vegetables, whereas potatoes and beans are
less suitable. To optimize the crops for the different produc-
tion areas and also for private gardening, one could probably
cover a higher percentage of the nutritional needs than found

in this study. In Sweden, the growing season is relatively short,
and different preservation techniques as well as a selection of
hardier vegetables than the case species used in this study may
be necessary to contribute to year-round nutrition from the
gardens.

Yields from private gardening vary a lot both between stud-
ies and also within studies (CoDyre et al., 2015; Duchemin
et al., 2008; Glavan et al., 2018; Zainuddin & Mercer, 2014).
Duchemin et al. (2008) explain the large dispersal in yields
by crop intensity and the stage of development of the partic-
ular gardens. The average productivity of private gardens in
London, Ljubljana, and Milan was 0.95, 1.44, and 2.59 kg/m?
(Glavan et al., 2018). Glavan et al. (2018) found that the top
10% of the most productive gardens could produce between
2.1 and 6 times more than the average garden in Milan and
London. In Guelph, Canada, the average yield of the gar-
dens was 1.43 kg/m? among the gardeners participating in the
study, but the upper 10% produced on average 4.18 kg/m?, 2.9
times more than the average (CoDyre et al., 2015). Edmond-
son et al. (2019) found the yields from private gardens to be
about 0.8 kg/m?, which is similar to the yields in the base
scenario in Sodertilje. The results from this study suggest
that further studies are justified on the yields from private
gardening in order to obtain more exact data to use in fur-
ther investigations into the possibilities of yields from private
gardens and other possibilities such as community gardens.
If efforts to increase the contribution to the urban food sys-
tem from private gardening are deemed useful, further studies
on opportunities to increase possible yields from private
gardening in urban areas are motivated.

S | CONCLUSION

With a growing population and an increasing part of the global
population living in urban areas, knowing how much food can
be produced in urban areas is of public interest. This study
showed that UA in private gardens has the potential to increase
food security in urban areas significantly. It also showed that
for the cities investigated in this study—Lund, Sodertilje,
Hirnosand, and Ostersund—yields from private gardens
can cover 12%-23% of the recommended intake of starchy
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vegetables and vegetables (dark green vegetables, red and
orange vegetables, and other vegetables) if an area of 20% of
the available cultivable area was used for growing vegetables.
If a protein source (represented by green peas) was included,
the covered percentage was lower (between 3% and 8% in
Lund, Sodertilje, Hirnosand, and Ostersund). By increasing
the area used for growing vegetables to 85%, as much as 50%—
96% of the nutritional needs could be covered by UA in private
gardens. The results of this study indicated that the potential
in urban areas in Sweden to meet the nutritional needs with
vegetables grown in private gardens is considerable.
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