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Typology of urban agriculture

UA is the collective name for a wide variety of
farming activities that occur within the boundaries of
a city or within the direct sphere of influence of a city
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Typology of urban agriculture

Specific types of urban agriculture can alter the urban environment and in this
way influence climate adaptation, or contribute to mitigation in case the
production can be realized with lower energy inputs due to opportunities
offered by the urban system

Source: Aerts et al. 2016
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Climate change mitigation

Benefits

Limitations

The use of local resources leads to reduced energy demand
Locally produced food does not automatically lead to a decrease of ‘foodkilometers’,
and transport results only in a small contribution to the total CO2- emission of food
production
Source: Adapted from: Santo et al., 2016
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Sharing wastewater
Introducing agriculture as a new activity in urban areas gives opportunities to close or decrease
energy, water and/or nutrient cycles
Urban waste water is in European cities collected in the sewerage system and transported to a
wastewater treatment plant
Closing the nutrient cycle by reuse for e.g. agricultural production systems in urban areas
requires different systems for wastewater collection, distribution and treatment than currently
available in most western cities
A study in South-Korea showed that collected
rainwater from roofs can meet drinking water
standards, especially when the first flush was diverted
A small scale study showed that there were no
alarming concentrations of nutrients and/or micro- and
macroparameters in the drainage water from roofs in
several residential areas in the city of Utrecht,
although some water quality norms were exceeded

Sources: Skjelhaugen 1999, Lee et.al. 2012, Buma and Garming 2007

Organic waste management
Using organic waste streams resulting from urban agriculture can generate
climate benefits, e.g. through biodigestion
Through the biodigestion of waste streams from urban agriculture (manure and
crop residues), biogas, electricity and heat can be produced for residential areas
and office buildings
An example is the Polderwijk in the town Zeewolde in The Netherlands, where
manure from an urban farm is co-digested with waste streams from a food
processing industry and with residues from roadside clearing. The biogas is
used to supply 3000 houses in the Polderwijk with heat and electricty, reducing
50% of the CO2 emissions compared to a conventional energy provision from
fuel fossils
As a resource for urban agriculture, organic waste can be used for soil
fertilization, animal feeding and energy production
Urban areas Agrifoodbin_Deliverable_Report_2014_1 5 generate large
quantities of organic residuals that can be used as soil amendments or
independent substrates
Source: Veen, Breman, & Jansma, 2012

The local food enterprise
‘RotterZwam’ grows fungi on
substrates of coffee grounds
After the use of the substrate,
enzyms are extracted from the fungi,
and the residue is composted

https://www.rotterzwam.nl/

Land application of soil amendments derived from organic waste can accelerate C storage and
can replace synthetic fertilizers
The EU-funded FertiPlus project developed technologies and strategies to convert urban and
farm waste into compost, biochar and combinations of organic amendments with biochar.
Experiments on peri-urban vineyards in Italy showed that compost blended with biochar
reduced greenhouse gas emissions, and increased the supply of nitrogen. It should be noted
however that the organic waste streams available in urban areas are mostly rich in nitrogen (N)
and phosporus (P), but may lack potassium (K) or certain micronutrients

Sources: Brown, Miltner, & Cogger, 2012, Wang et al., 2008, FertiPlus, 2014

Influencing consumers’ diet
The availability of refined, processed and energy-dense foods in urban areas with
the ‘nutrition transition’ in recent decades has stimulated the consumption of food
high in sugar and fat
Health problems are often reported in poorer areas of the city due to inadequate
diets. In response to these developments, urban farming is reported in the literature
to empower citizens to influence sources of food production and to encourage
healthier lifestyle choices
Such encouragement would come from a larger diversity in food products that
respect the local food culture, characteristics of the place of origin reflected in the
food products, and personal interactions between producer and consumer (‘face to
face’). ‘Buy local’ campaigns promote local food for its better taste and increased
health effects

Sources: McMichael, Powles, Butler, & Uauy, 2007, Born & Purcell, 2006, Zasada et al., 2014

Carbon cycling
Green spaces in urban areas managed for
urban agriculture can be used to increase the
overall carbon budget for urban ecosystems.
Crops, agroforestry systems, periurban
forestry and wetlands in urban agricultural
systems may be used to sequester carbon but
quantitative findings on the effects in the
literature are sparse. The contributions that are
reported are small (e.g. 0.2% of total city
emissions), and other forms of urban
agriculture may be net emitters due to
methane emissions from livestock and manure

Sources: Lal, 2012, Pearson et al. 2010

There are also reports on significant contributions and urban soils are
characterized as hot spots of long‐term soil C sequestration worldwide
An assessment focused on an urban farm project of 2.83 ha study in
Sutton (UK) showed that greenhouse gas emissions could be reduced up
to 34 t CO2eq per ha per year; which exceeds carbon sequestration rates
for conventional urban green space projects, such as parks and forests.
Long-term experiments in Tacoma, Washington showed that 19-81% of
added C through soil amendments derived from organic residuals
persisted 3-18 years after addition. Inferred from these findings, the
application of residuals to pervious surfaces in the city would result in an
annual C sequestration of 0.22 Mg C ha-1 y-1, corresponding to 0.81 t
CO2eq per ha per year

Sources: Vasenev 2018, Kulak et al. 2013, Brown et al. 2012

Urban Heat Island Effect

A Sky View Factor represents the ratio at a point
in space between the visible sky and a
hemisphere centered over the analyzed location

Sources: Fuladlu 2018, Oke 1981

Reasons
• More solar radiation is absorbed due to tall buildings
increasing surface area
• More of the solar radiation is stored as sensible heat due to
higher thermal admittance of hard surfaces
• Less terrestrial, or long-wave, radiation is lost due to
restricted sky view factor
• There is less evapotranspiration from soil, plants, and open
water as these are replaced by hard surfaces
• There is less wind at ground level meaning the heated air
does not dissipate as quickly
• There is anthropogenic heat exhausted from buildings,
automobiles, and other sources
Source: Oke, 1987

UF has different climatic opportunities and constraints compared to rural agriculture
The longer and warmer growing season and the milder winters that are
found in major urban centres could potentially provide enough climatic
difference to grow foods that would not grow successfully in the rural areas
surrounding the city
This would reduce the travel-related fuel consumption, provide fresher
produce to the consumers, and create a niche market for current or new
farmers
Urban conditions have an effect on plant phenology, the recurring phases of
plant life-cycle events – cause earlier onset of various phenological phases,
primarily spring phases
Air temperature has the greatest effect on plant phenology; specifically that
the reduced diurnal temperature range (daily max. – daily min. temp.) within
urban areas is the main cause for the advanced spring phenological phases
Long warm nights have been found to induce accelerated flowering in food
crops
Sources: Mimet et al. 2009, Papadakis 1975

Accelerated flowering in food crops can have negative impacts such as
low yields or tall, weak plants
Selecting crops that tolerate, or even prefer, warmer nights may prove to
be an important step in choosing crops that could take advantage of the
urban heat island
This type of correlations
can be used to
recalculate GDDs for
each of the urban
scenarios (using different
Sky View Factor)

Difference in leaf temperature between an urban (Sky View Factor 50%) and a rural
scenario (Sky View Factor 100%) compared to air temperature. Accumulated over the
entire season these minor increases have a much larger affect
Source: Waffle et al. 2017

Pinot Grigio grapes need
a minimum of 1200
GDDs, Merlot 1400

GDD = (daily max +daily min)/ 2 − BaseTemperature
If the daily mean is less than the base temperature, a value of 0 is
added to the total GDDs
Source: Waffle et al. 2017

GDDSVF50 = TAVG + (0.0461 (TAVG)
–0.029) − 10 C

Adaptation to climate change
New urban farming activities can change land cover depending on the
type of urban farming
For example, a vacant plot or park can be transformed into an
agricultural field (‘green to green’) or glasshouse (‘green to grey’)
Roofs or paved surfaces can be transformed to green roofs or
agricultural fields (‘grey to green’) or be replaced by a glasshouse
(‘grey to grey’)
Such conversions may be considered against the background of
climate adaptation strategies for European cities, which are currently
promoted by the European Commission through various policy
instruments
The main instruments are the Research and Innovation policy on
Nature-Based Solutions, the 7th Environmental Action Plan, the
Communication on Green Infrastructure, and the Thematic Strategy on
the Urban Environment
Source: Levy 2009, Knizhnik 2012

Increasing water infiltration and retention
Paved soils generate higher water runoff during
intensive rainfall than unpaved soils
For example, calculated that community gardens
have a 19% lower runoff rate than vacant lots in
Philadelphia
Researcher assume the runoff coefficients to be
0,55 for vacant lots and 0,08 for urban farming
This means an average yearly reduction of
rainfall runoff of 85% when vacant lots are
turned into community gardens

Sources: Levy 2009, Knizhnik 2012

Green roofs can be used to control storm water runoff in urban areas by
attenuating peak flow and reducing runoff volumes
The depth and type of substrate have the major influence on green roof water
retention capacity
Plant structure, such as size, leaf size and angle of branch would be more
important for capture of water rather than how much they grow
The retention of green roofs during the study period (long
term average) and during rain fall events (short term
reduction)

Source: Dunnett et al. 2008; Monterusso et al. 2004, VanWoert et al. 2005, Knizhnik 2013,
Berndtsson, 2010

Compost filter socks are mesh tubes filled with
composted material that is placed perpendicular to
sheet-flow runoff from paved surfaces in urban areas.
The compost filter sock provides a three-dimensional
filter that retains sediment and pollutants while
allowing the cleaned water to flow through
Studies showed that compost filter socks can filter
pollutants in urban runoff, like coliform bacteria, metals
(but not Cr) and petroleum hydrocarbons
Removal efficiencies were found of 75% for coliform
bacteria, 37-72% for heavy metals, and 43-99% for
petroleum hydrocarbons Compost filter socks were
shown to perform similarly to or better than grass filter
strips and bioretention systems, and therefore could
replace the latter where constraints on land area exist

Photo: USDA 2011

Sources: US-EPA, Sormwater Best Management Practices, L. B. Faucette et al., 2009, L. Faucette
& Risse, 2004, USDA 2011

Reducing urban heat island effect
The fractions of builit-up and paved surfaces and the fraction of green,
evapotranspiring surfaces are the most determining factors for the
spatial variation of the UHI effect within urban areas
A decrease of sealed urban surface leads to a reduction of the surface
heat-island effect of 1.2 °C during the night and 2.0 °C during the day. A
study in Rotterdam showed that an increase of 10% in greenery results
in a temperature reduction of 1 ºC
Urban farming increases the vegetation cover in and around cities and
can provide a cooling mechanism by increasing the evapotranspiration
It can therefore help to reduce the urban heat island effect in the
growing season, and the need for energy-intensive air-conditioning and
ventilation. An important requirement for the cooling effect from green
spaces provided by urban agriculture is the availability of water

Sources: Eriksen-Hamel & Danso, 2010, Rovers et al., 2014, Klok et al., 2010

Environmental challenges related to urban farming
ü Identifying ‘healthy soils’ for agriculture in urban areas. Soil health for
urban agriculture can be inferred from measurable soil properties, and
improved by soil reconditioning techniques
ü Optimizing the spatial allocation of urban farms in places with high
inherent soil nutrient stocks. Organic matter and carbon contents of
urban soils are highly variable in space and time, and not necessarily
lower than in surrounding rural land
ü Reduced direct solar radiation at locations in urban areas may reduce
plant productivity
ü Reflection of solar radiation from biuldings and paved surfaces also
negatively influences plant growth due to increased heat loads

ü Production space for agriculture in urban areas is small
and scattered compared to peri-urban and rural areas,
but becomes more interesting now that the latter are
unlikely to meet the demand for agricultural products in
the future
ü Soils in urban areas with a commercial or industrial
history may contain contaminants that can pose health
risks when the soils are used for agriculture. Yet in
many cases health-based thresholds for human
exposure are not exceeded
ü The use of organic waste in urban agriculture may be
another source of contamination of water and soil
resources in urban areas
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