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Abstract: Population growth and urbanization increasingly put pressure on our planet’s availability
of areas needed for food production. The dependencies on domestically produced food are increas-
ingly judged favourable, following the consequences of the Ukrainian war, with escalating fuel and
grain prices and less accessibilities to low-income groups. It is, however, unclear whether land is
domestically available. Applying a food system approach, the main aim of this article is to investigate
spatial foodsheds and theoretical self-sufficiency for food production needed to supply increasing
future populations in a selection of cities, including estimates for Dhaka in Bangladesh, Nairobi in
Kenya and Kampala in Uganda. The projected foodshed scenario areas for the years 2020 and 2050
are estimated for the production of three core products currently extensively produced and consumed
in the three countries. They show that it is not possible to feed an ever-increasing urban population
based on domestic production alone. International trade, new technological developments and
new consumer demands for less area-intensive food production systems may give solutions to the
immense challenge of feeding the world’s population with nutritious food in 2050. However, to
ensure fair and inclusive transition pathways for low-income groups: (1) affordability and accessi-
bility of trade opportunities, technologies and products, (2) a common vision aiming for the SDGs,
including SDG2: Zero hunger and SDGL11: Sustainable Cities and Communities as well as (3) best
practices in co-creation and cooperation with the most vulnerable urban and rural populations, are
highly needed.

Keywords: food security; scenario analyses; Bangladesh; Kenya; Uganda; urbanization; population
growth; domestic food production

1. Introduction

In an ever-changing and globalized world, accomplishing food and nutrition security for
all is a major challenge for developing countries in particular [1,2]. Food security is achieved
when all people at all times have access to sufficient, safe, nutritious food to maintain a healthy
and active life [3]. Food security is a function of food availability, food accessibility, food
stability and food utilisation [4]. Urban and rural food security are strongly interlinked [2], as
which rural food production may strongly depend on consumers and end markets in urban
areas [5]. Hence, influenced by a series of socio-economic drivers, in sub-Saharan Africa and
Asia people are increasingly migrating from rural areas into cities in search for work, water
and food [6]. As a result, the informal settlements are increasing because of rural-urban
migration [7,8].

Hunger affected 278 million people in Africa and 425 million in Asia in 2021, and it
has been estimated that nearly 670 million people will still be undernourished in 2030 [9].
The share of people unable to afford a healthy diet is 81% in Kenya, 82% in Uganda and
74% in Bangladesh [9].
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Our planet’s available areas needed for food production are increasingly under pres-
sure from population growth and urbanization [10]. A way to fill this gap is to increase
imports. Lately, the world order has changed when it comes to trade of basic products
needed for food security, among others, by the war in Ukraine since 24 February 2022
just after the COVID-19 pandemic [11,12]. In low-income countries in Africa and Asia,
dependency of imports of grain [13] and increasing fuel prices worldwide [14,15] have
directly affected food security. Moreover, low- and middle-income countries, such as
Kenya, Uganda and Bangladesh, are experiencing harsh consequence of the COVID-19
pandemic [16-18].

Moreover, climate change is impacting food security [19]. According to foresight analy-
ses, agricultural production will have to increase by 50% (2012-2050) to provide enough food
for a growing and wealthier population [20]. This increase in production will lead to more
global climate emissions unless future food systems reduce emissions per unit of output [21].
Moreover, dependency on trade will increase transport with added emissions [22]. Hence,
food security for the poor and vulnerable is highly challenged by climate change, for which
adaptation requires tackling of [4]: (1) chronic poverty caused by lacking government funds,
(2) market challenges which are critical for food security and agricultural growth, (3) farmer
attitudes toward managing risks and (4) needed improvements of institutions responsible
for managing food and agricultural systems.

Food security in an urban context can be complex because of the relationships between
urban consumers and food suppliers [23]. In low-income countries, informality [24], i.e., ab-
sence of registration and licensing, characterizes markets and sales, including street vendors
who are major providers of food and livelihoods to low-income urban residents, especially
women, in Africa and Asia [25]. A food system approach can include such complex relation-
ships and analyse outcomes in the form of food security in search for new opportunities [26].
Gregory et al. [27] (p. 2139) explain the links between food security and the complexities of
food systems as follows: ‘Dynamic interactions between and within the bio-geophysical and
human environments lead to the production, processing, preparation and consumption of
food, resulting in food systems that underpin food security’. Food shortage in Africa and
Asia is thus related to socio-economic, as well as environmental and climate drivers [26]. The
outcomes of a resilient food system would demonstrate sufficient production of sufficient,
safe and healthy food for our growing world population, equitable distribution of costs and
profits and sustainable use of land and natural resources, as well as adaptability to climate
change [28].

Urban and peri-urban agriculture is judged an interesting strategy for land manage-
ment and transformation towards more sustainable and resilient food systems coping with
climate change, ecological degradation, food insecurity and economic crises [29]. Hence,
the shortening of supply chains as a means to enhance food security and increased food
system resilience, by reducing ecological footprint of food consumption, self-sufficiency
and regionalisation, has received increased attention [30]. By this reasoning, one of the
opportunities for increased food security given the recent world developments is an in-
crease in domestic production of crops [31-33]. Zasada et al. [30] introduced the concept
of foodshed scenarios; more precisely the “Metropolitan Foodshed and Self-sufficiency
Scenarios” using a data-driven approach to estimate spatial foodsheds, and theoretical
self-sufficiency of the city region by combining regional food consumption and agricultural
production variables, following a food system approach.

Against this background, the main aim of this article is to investigate spatial foodsheds
and theoretical self-sufficiency for food production needed to supply increasing future
populations in a selection of cities, including estimates for Dhaka in Bangladesh, Nairobi in
Kenya and Kampala in Uganda. Foodsheds are thus defined as ‘the size of the agricultural
area needed to supply a city and its metropolitan region with food as well as the area’s
theoretical food self-sufficiency, taking specific regional conditions into consideration” [30]
(p- 26). In particular, foodsheds of the following products are estimated:
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(1) Domestic areas needed to produce rice, potatoes and vegetables to an increasing
population in Dhaka, Bangladesh;

(2) Domestic areas needed to produce maize, milk and vegetables to an increasing popu-
lation in Nairobi, Kenya;

(3) Domestic areas needed to produce plantain, cassava and milk to an increasing popula-
tion in Kampala, Uganda.

Accordingly, this is a contribution to gather knowledge about potential size of area
needed for the main consumed crops to sustain the increasing populations in large cities in
future [34,35]. Thus, two scenarios for each of the three countries are analysed: (1) projec-
tions of potential sizes of areas needed around the cities in 2020 to supply products mostly
demanded in each of these cities and (2) projections of the extended sizes of area needed
in 2050, taking into account core socio-economic drivers such as the migration into cities,
population growth and land available around the cities.

In this article, in the following Section 2, the research approach applied in this study
is explained, introducing a rural-urban food system approach to address its complex
interrelationships and the relevance to this study, including explanations of foodshed
scenario and theoretical food self-sufficiency, as well as the data used, method applied and
assumptions set for the estimates. In Section 3, results are presented quantitatively and
by means of illustrative maps. In Section 4, a discussion about the scenarios presented is
provided in terms of their food accessibility, as well as socio-economic and environmental
sustainability outcomes. Final concluding remarks and recommendations for follow-ups
are provided in Section 5.

2. Research Approach
2.1. A Rural-Urban Food System Approach

This study applies a rural-urban food system approach designed particularly for
addressing rural-urban interlinkages, including a spatial approach following van Berkum
et al. [8]. A food system approach is applicable to transition pathways aiming for the
Sustainable Development Goals (SDGs) [36], including SDG2: Zero hunger and SDG11:
Sustainable cities and communities. Transformation of agriculture and food systems in line
with SDGs has become a non-disputable imperative [37,38]. A rural-urban food system
framework conceptually explains how socioeconomic and climate factors operate as drivers
within a food system, for which multiple (biophysical, economic, political and social) factors
and activities relate to the production, processing, distribution, preparation and consumption
of food, and the outcomes of these activities [39]. The outcomes are observed in terms of
food security (i.e., availability and accessibility of nutritious food), socio-economics (income,
employment) and condition of the environment (biodiversity, minerals, water, climate,
soils) [26] (see Figure 1).

Different research fields apply divergent food system approaches. On the one hand,
the complexities of a food system can be captured conceptually by visually demonstrating
interconnectivity and feedback loops. For instance, to explain connections between urban
food consumption, food environments, food supply chains and their outcomes in terms of
employment, food security and environmental preservation [24], or to investigate rural—-
urban relations as a factor for food system resilience, conceptualized through dimensions
of agency, buffering, connectivity and diversification [40]. On the other hand, a series
of quantitative modelling approaches claim to capture the food system dynamics. These
include Muller et al. [1] who aim to bridge the gap between the micro and the macro scale,
particularly on issues of: food security linked with economic development, population
growth, water scarcity, trade-offs in search of a sustainable future and resiliency in the food
system. Another quantitative model approach is investigating food systems by developing
future global scenarios linking land use and food security, focusing on nutrition and
health [41], for which results suggest that changing towards healthier global diets would
limit potential expansion in agricultural land area.
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Figure 1. A rural-urban food systems framework with food system activities, and socio-economic
and environmental drivers, bounded in governance and aiming towards outcomes of food security,
sustainability and resilience, safe and healthy diets and inclusiveness and equitable benefits.

Still, for now it is claimed that our food systems are under pressure and failing us [42].
Spatial dimensions of food systems have been recommended to assist in addressing complex
interrelationships and to suggest solutions for improved food system outcomes [8,43].
The concept of foodshed scenarios, introduced by Zasada et al. [30], is a reaction meant
to potentially deal with a series of observed socio-economic and environmental drivers
triggering the needs of investigating how domestic production may be strategic to reduce
the risks of: food insecurity, international wars impacting the international trade and access
to food in low-income countries, exclusion of marginalised communities from having access
to income, increased poverty and hunger as well as enhanced risks for water shortage
and environmental degradation. Moreover, food system failures include inabilities to:
(1) produce and deliver high-quality diets to meet nutritional needs, (2) produce equal and
equitable benefits and (3) mitigate negative consequences [42].

The metropolitan foodshed scenarios and self-sufficiency analyses can reveal whether
area availability around city regions can theoretically support the food demands in future.
Following a food system approach, when the foodshed scenarios demonstrate theoretical
opportunities, the practicalities of implementation must still be carried out, such as setting
up logistics for value-chains, governmental support, stable finance regimes, peace-making
and climate adaptation strategies, as well as protection of human and social values, and
improvements of rural livelihoods, where dignity, equity, inclusion and justice are integral
parts of sustainable food systems, trade and employment [44]. Moreover, trust-building
and resonance are critically important factors to be addressed when taking the next steps
of building a fair food system transition pathways [34,35,45].

Hence, simplified from a city region food system approach designed to target improve-
ments of insights about urban-rural flows of resources, including food, waste, people and
knowledge, and the policies and process needed to enable sustainability [46], the focus in
this article is on spatial needs for production-consumption dynamics by estimating spatial
foodsheds [30]. The spatial foodshed analysis is simply an intervention that can support
specific directions of future transition activities. The spatial foodshed analyses investigate
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the agricultural area needed to supply core food items to the selected cities of Dhaka in
Bangladesh, Nairo in Kenya and Kampala in Uganda in 2050. Such a data-driven approach
to estimate spatial foodsheds can, from a theoretical perspective, assess the self-sufficiency
of the city region; in this study we concentrated on a total of three core products which are
highly consumed and produced in the three cities, taking specific regional conditions into
consideration.

The foodshed analyses in this study were performed by Global Detector, which is a
knowledge-based Geographic Information System (GIS) estimating foodshed potentials for
production, demand and market strategies regarding agricultural commodities [47,48].

2.2. Simplifications Made of Reality

The approach applied in this study is based on a simplified definition of the reality.
The overall motivation can be explained as: “The trends of urbanization will result in
increased demand particularly in and around cities. In a given proposed future situation
the world may be in a situation where countries will rely more on domestic food production
to ensure domestic food security. If agricultural land is not available domestically for food
production, this can turn to be devastating for developing countries with large numbers
of people living on only one meal a day. To provide some clues about whether enough
areas are available to feed ever growing city demand in developing countries, foodshed
scenarios are estimated to find whether agricultural land in the surrounding areas of cities
theoretically could be used to produce food to supply the increasing demand in the three
selected cities; Dhaka in Bangladesh, Nairobi in Kenya and Kampala in Uganda.”

As such, this study can be characterised as highly resource driven. The complexities
related with land are not taken into account, such as land ownership and details of national
spatial planning. For instance, the areas included for grassland to produce fodder in this
study can in practice be unavailable because they are planned for other purposes within
the pre-urban settings. Moreover, the opportunities for using land more effective for food
production in future with advanced technologies is addressed simply by estimates of the
increase in food production given no area expansion. Moreover, it is not taken into account
that future demands in cities may differ substantially from what is currently demanded
in cities and rural areas, because of the high diversities and uncertainties of city demands.
Notably, it is possible to include differences in consumption patterns in urban and rural areas
in future foodshed analyses if sound information becomes available. Further, expenditure
elasticities or income elasticities are not taken into account to project demand for a good. As
such, this is not an economic analysis projecting changing demand in cities as a result of
rising income. There is no indication that income will rise; instead, a more likely scenario
is that informal settlements (slums) will expand with larger proportions of the population
living in poverty. In a future with shortage of land, substitutes of existing products may be
one of the coping strategies, but this is not taken into account in the analyses. Likewise, this
is not an economic analysis about inputs in a production system to show how changing
demand affects production or output over the projection period. With more information
about future income distribution and inputs used for projection of production, such analyses
would be interesting as follow up.

Instead of applying advanced modelling analyses, this study estimates foodshed
scenarios to know the theoretical level of self-sufficiency across different highly expanding
city regions, to support decisions on urban developments and investments to increase
future resiliency of the city regions.

2.3. Defining Scenerios with Domestic Production of Main Crops Consumed in Kenya, Uganda
and Bangldesh

Foodshed scenario maps. In this study, the foodshed scenarios are presented on maps
based on a formula, i.e., Supply (2050) = Supply (2020) x Population growth (2050), for
which a projected supply in 2050 is a function of the supply in 2020 times the expected
population growth. A supply map shows an amount of area needed to produce a product
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consumed in an urban area (a grid cell has a size of 6.25 km? due to the resolution of
2.5 x 2.5 km, and as such the exact grid cell unit is thus ton/6.25 km?). In the two scenarios,
for the years 2020 and 2050, it is assumed that all of what is consumed in an urban area is
produced as close by the city as possible. Without arguing about practicalities, the scenarios
assume that within a specified city border where a product is demanded, this product is
produced outside the city border, within a newly defined supply border. The maps thus
define an inner circle with demand, as well as an outer circle defining what area would be
needed to supply what is demanded. Such a scenario of domestic supply maximization in
short distance to demands is favourable as it reduces dependencies on imports, as well as
reducing the overall CO, emissions, and keeping transportation costs to a minimum. The
authors are aware that in practical settings, it can be complicated to reach such optimisation
given the complicated context specific factors; however, it is believed that this information
can assist policy makers in increasing food availability in effective manners, particularly
in highly populated cities with high degrees of urbanisation due to rural urban migration
in future.

Urbanisation scenario. Important to the Foodshed scenario maps analyses is to un-
derstand how many people will move into the main cities by 2050. When the population
density increases from 2020 to 2050 it is assumed that part of the cropland will be converted
to areas for housing, etc. Consequently, there will be fewer areas available for crop pro-
duction and the vicinity of the city is expected to go down. The supply of a certain crop is
reduced by a percentage given the level that the population density increases. More specif-
ically, a proxy is specified based on expert knowledge for taking account of an increase
of 100 people per km?, resulting in a decrease in production area of 10% (i.e., production
area = —0.1 people/km? of each of the crops produced on that grid-cell).

Further, it is assumed that there are no differences between urban and rural consump-
tion per capita. Notably, it is possible to include differences in consumption patterns in
urban and rural areas if need to be.

In the calculations for 2050, it is assumed that there will be no increase or decrease in
demand (consumption per capita) or productivity (yield per hectare), so the only changing
variable is the population growth compared to 2020. To define the city borders, for each
city and product a radius around the city central point is assumed to be 50 km. The total
demand within this radius is calculated (i.e., the outer radius is defined when border
confirms that supply in outer circle radius equals demand in the city region inner circle).
To define this outer border of potential supply more precisely, context specific information
will be needed. If it is possible to cultivate large production close around the city, then the
supply radius is smaller, compared with contexts where the production of, e.g., cassava in
Uganda, is far away from the city, which would give a large supply radius.

Yield per hectare (ha) in the scenarios. In this study, we also estimate the productivity
as an alternative to expanding the cultivation areas. In this exercise we are not using the
maps. In this calculation, we take the production within the fixed radius around the city
inner circle for the demand is used (See Formula (1)).

Y;/ha (2050) = Y; /ha (2020) x (pop(2050)/pop(2020)) )

where Yj/ha (2050) and Y;/ha (2020) are the yield per hectare of a crop (i) listed in Table 1
in the years 2050 and 2020, respectively, and the pop(2050)/pop(2020) is a growth factor
that determines the population growth between the two years.

Milk and grassland scenarios. In order to define the inner demand border and the
outer supply border of a city, it is necessary to understand which areas are available for milk
and grassland. This is because no map has been found in the literature showing the spatial
distribution for milk production, i.e., the amount of milk produced on a grid-cell. Instead,
a map for an area of grassland of 5’ x 5’ (arcminutes) has been used [49]. It is assumed that
grassland is available for the production of milk and that there is a fixed relation between
the area grassland (with enough rainfall) and the amount of milk produced. Regions with
lower rainfall are assumed to have a lower milk production per ha. Areas with 800 mm
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rainfall or more are not constrained by too low rainfall, whereas in dryer areas production
has been reduced to as low as 20% of the production at 800 mm. The total production of
milk equivalents of the country is distributed among the grassland areas (accounting for
lower production due to drought) with a resulting milk production map in which the sum
of all grid cells equals the production reported by FAO [50]. Notably, water catchment
maps, which may have impact on productivity, have not been identified and are therefore
not included in the analyses.

Table 1. Three highly consumed products domestically selected in Bangladesh, Kenya and Uganda [50].

Country Product 1 (Cons. Mkg)  Product 2 (Cons. Mkg) Product 3 (Cons. Mkg)
Baneladesh Rice and processed Potatoes and processed Vegetables and crop-based
& products (41,910) potato products (8337) products (3315)
Maize and . . " Vegetables and crop-based
Kenya products (3874) Milk equivalents * (4497) products (1889)
Uganda Plantains (3339) Cassava and processed Milk equivalents * (1951)

cassava products (2673)

* Milk equivalents for Kenya and Uganda are calculated based on FAO data, see estimates following Table 2.

Protected areas in the scenarios. The protected areas are not available for production
of the consumed products and are therefore subtracted from the potential production areas
in the Foodshed scenario maps. Hence, the protected areas are excluded from the Foodshed
scenario maps following UNEP-WCMC and IUCN [51]. Because the protected areas can
contain grassland, the grassland maps designed for spatial mapping of milk production
are adjusted by excluding protected areas (assuming no milk produced in protected areas).
Notably, land ownership in these areas is not taken into account in the scenario analyses.

2.4. Data on Food Production in Kenya, Uganda and Bangladesh

Selection of areas and crops. As part of the project Feeding cities and migration settle-
ments, a project carried out at Wageningen University & Research (WUR), the Netherlands,
research has been carried out in the three rural-urban areas around Dhaka in Bangladesh,
Nairobi in Kenya and Kampala in Uganda. Different types of research have been conducted
in these three areas since 2019 when the project started. They were selected as hotspot
areas because: (1) rural-urban migration is extensive at present and expectedly so in future,
(2) population growth is relatively high, (3) a large share of its population is impacted
by poverty and food insecurity and (4) opportunities are available to build on already
established networks, information and insights developed.

Selection of crops in each urban area. In order to select relevant crops to investigate
in this study, FAO [50] statistic has been applied (see Tables 1-3 below). In each area, a
total of three crops were selected which fit to the following criteria: (1) at present, a large
amount consumed domestically among the low-income groups and (2) currently among
the main domestically produced products in rural areas, supplying the urban population.
Accordingly, the following selection of food products was made:

e  Dhaka (Bangladesh)—(1) Rice and processed rise products (rice), (2) potatoes and
processed potato products (potatoes) and (3) vegetables and crop-based products
(vegetables);

e Nairobi (Kenya)—(1) Maize and processed maize products (maize), (2) milk equiva-
lents (see Table 2) (milk) and (3) vegetables and crop-based products (vegetables);

e Kampala (Uganda)—(1) Plantains, (2) cassava and products (cassava) and (3) milk
equivalents (see Table 2) (milk).



Sustainability 2023, 15, 9005

8 of 23

Table 2. Milk equivalents include milk, butter, ghee and cream products domestically in Kenya and
Uganda [50].

Food (Mkg) Production (Mkg)
Milk Butter (Ghee) Cream Milk Butter, Ghee Cream
Kenya 3867 16 23 4950 16 23
Uganda 1851 0 10 2040 0 0

Estimates of the total country populations. In this study, all maps have the same
resolution, which makes it possible to combine data sources and perform spatial analyses.
For the current population, demographic data were derived from Worldometers [52],
stating that the population in Bangladesh was 164.69 million, in Kenya the population was
53.77 million and in Uganda the population was 45.74 million. Calibration of the population
density map is performed for each country separately to ensure that the population of
all grid-cells equals the most recent population figure. Maps for population density in
2020 and 2050 are applied based on Gao [53]. The projections of numbers of people
are based on the GRUMP method [54]. For most countries subnational estimates of the
population were used as the basis of the extrapolation from historical data, applying simple
extrapolation methods [55]. Maps were re-projected to Lambert azimuthal equal-area
projections into a plain surface with a resolution of 2.5 x 2.5 km per grid-cell (6.25 km? or
625 hectares) [56].

Estimates of the urban populations. Shares of urban population are needed for
calculating urbanisation. According to the World Urbanization Prospects [57], the share
of the urban population of the total have been estimated for 2020, and projected for 2050.
While in Bangladesh the share of urban population was found to be 38% in 2020 and 56%
in 2050, for Kenya these shares were 28% and 44%, respectively. For Uganda, 18% was
estimated to live in urban areas in 2020, whilst 32% was projected for 2050. The map for
population density per km? is used to divide the country in rural and urban regions such
that the total number of people living in rural areas equals the share of rural population
times the total population. The indication of rural into urban on the map is needed to define
distinct consumption patterns during analysis. The longitude and latitude of the locations
of the cities Dhaka, Nairobi and Kampala were also re-projected to Lambert azimuthal’s
equal-area projection to make sure that these coincide with the other maps.

Selection of consumable products. For each of the countries, three main highly
consumed products were identified. The selection of products is based on the consumption
in Food Balance from FAO [50], element ‘Food’. For the selected products, the consumption
in Bangladesh, Kenya and Uganda are provided in Table 1 in 1000 tonnes (Mkg).

Milk equivalents in Kenya and Uganda. The consumption data are defined by
FAO [50] and refer to the total amount of the commodities available as human food. Data
include commodities derived as a result of further processing. According to FAO, food
from maize comprises the amount of maize, maize meal and any other products available
for human consumption. Food from milk relates to the amounts of milk as such, as well as
the fresh milk equivalent of dairy products [58].

For the calculation of milk consumption and production in Kenya and Uganda, addi-
tional data for the fresh milk equivalents were needed. Because the data are provided as
“milk including butter”, the butter part was first excluded, and then added to a different
data category for butter (more precisely referred to as Ghee). It is generally known that
25 kg milk is needed to produce one kg of butter [59]. For cream, it is known that you
need 10 Kg milk to produce 1 kg Cream [60]. The estimated amount of milk equivalents is
therefore calculated as ‘Milk—Excluding Butter’ + (‘Butter” x 25 (kg milk needed to make
butter) + ‘Cream” x 10 (kg milk needed to produce cream)). Whereas the consumption
of milk equivalents in Kenya and Uganda amounted 4497 Mkg and 1951 Mkg, respec-
tively, the production of milk equivalent amounted 5580 Mkg and 2040 Mkg, respectively
(Table 2).
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Land use for production of selected products. To estimate the production area of the
selected products, harvest area maps from Mapspam [35] are applied. The source data
have a resolution of 5 x 5 (arc minutes), approximately 10 x 10 km grid-cell resolution.
The maps are re-projected and transformed to Lambert azimuthal equal-area projection
with a resolution of 2.5 x 2.5 km per grid-cell [56]. After transformation by means of GIS
methods and tools, the Foodshed scenario maps for each crop used in this study coincide
in terms of similarities in the map grid with the population density maps.

To convert into Foodshed scenario maps, the production of a specific crop is divided
by total area in a country to find the average production intensity of a crop per ha. The area
maps are used to create the Foodshed scenario maps of the three selected highly consumed
products listed in Table 1. Data from FAO on element production are applied to define the
Foodshed scenario maps [50]. For the selected countries and products, the production in
Bangladesh, Kenya and Uganda are provided in Table 3 in 1000 tonnes (Mkg).

Table 3. Production of the three highly consumed products in Bangladesh, Kenya and Uganda [50].

Country Product 1 (Mkg) Product 2 (Mkg) Product 3 (Mkg)
Baneladesh Rice and processed Potatoes and processed Vegetables and crop-based
8 products (54,416) products (9744) products (3572)

Vegetables and crop-based
products (2081)

Maize and processed

Kenya products (4014)

Milk equivalents * (5580)

Cassava and processed
products (2819)

* Milk equivalents are calculated from FAO data, see estimates following Table 2.

Uganda Plantains (3450) Milk equivalents * (2040)

For creation of the Foodshed scenario maps, the data from FAO are combined with
the production area distribution derived from the Mapspam maps [61]. In the final maps
the sum of all grid-cells (2.5 km?) equals the FAO [50] domestic supply.

3. Results
3.1. Overall Results in Dhaka, Nairobi and Kampala

The increase in areas needed for producing domestically what is demanded in 2020
and 2050 of three selected main crops consumed in the respective cities Dhaka, Nairobi
and Kampala, are shown in Table 4. This includes the selected products for Dhaka (rice,
potato and vegetables), for Nairobi (maize, milk and vegetables) and for Kampala (plantain,
cassava and milk). Note that the order of the products indicates the levels of demands and
production.

In order to estimate the yield/ha in 2050, the same radius of 2020 is used to meet
the extra demand in 2050 by increasing the yield /ha proportionally. In this scenario the
areas are not expanding, but the increase in yield per hectare (i.e., amount demanded in
2050/ area available in 2020). Because area is not changing for these estimates, they are also
not included in the maps in Section 3.2.

Based on the yield /ha variables, the population estimates and the values of the column
‘Demand = supply’ (Mtons), the radius (km) and the area (km?) needed for producing
enough to supply for the estimated demands for these products in 2020 and 2050, are listed
in the table. The results for three main consumables for the three cities are further explained
in separate analyses of the countries in the following.
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Table 4. Projections of the areas needed (km?) in 2020 and 2050 to supply projected increase in urban
demand of selected core product in Bangladesh, Kenya and Uganda, given increase in yield/ha
required, expected population growth, projected demand and supply potentials (Mtons), and radius.

Yield/ha Increase 2020 2050

cty  Podut  Reairedt O D e {000kl ] —upply  Heml (100 kan
Dhaka Rice 64% 22.1 5623 68 14.5 26.9 6314 87 23.8
Dhaka Potato 30% 221 1119 80 20.4 26.9 1256 92 26.6
Dhaka Vegs 114% 22.1 445 57 10.2 26.9 499 84 21.9
Total Area Dhaka 45.1 72.3
Nairobi Maize 87% 6.1 213 60 11.3 8.7 290 82 21.1
Nairobi Milk 47% 6.1 507 138 59.4 8.7 690 171 91.9
Nairobi Vegs 106% 6.1 437 102 33.0 8.7 595 150 71.2
Total Area Nairobi 103.7 184.2
Kampala Plantain 134% 49 357 102 32.7 8.7 617 157 774
Kampala Cassava 115% 49 286 119 44.5 8.7 494 180 101.0
Kampala ~ Milk 109% 49 209 107 36.0 8.7 361 156 76.0
Total Area Kampala 113.2 254.4

* In order to estimate the yield /ha in 2050, the same radius of 2020 is used to meet the extra demand in 2050 by
increasing the yield /ha proportionally.

3.2. Results for Dhaka, Bangladesh

For Dhaka, a total of six maps were designed and are presented in this section
(Figures 2—4). For each product, rice, potato and vegetables, a map for 2020 and one for 2050
were designed based on the figures provided in Table 4. In all figures, an increase in radius
has been implemented.

(a) (b)

- 3000

2500

- 2000

=~ 1500

Figure 2. Rice: Maps of Dhaka showing the difference in area needed (km?) to produce rice locally
to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to protected natinal parks.
(a) Area needed (14,527 km?) to produce rice demands in Dhaka in 2020 (r = 68 km) (ton per grid-cell).
(b) Area needed (23,779 km?) to produce rice demands in Dhaka in 2050 (r = 87 km) (ton per grid-cell).
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Figure 3. Potatoes: Maps of Dhaka showing the difference in area needed (km?) to produce potatoes
locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to protected natinal
parks. (a) Area needed (20,358 km?) to produce potatoes demands in Dhaka in 2020 (r = 80 km)
(ton per grid-cell). (b) Area needed (26,590 km?) to produce potatoes demands in Dhaka in 2050
(r =92 km) (ton per grid-cell).

(b)
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400

- w0

200
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Figure 4. Vegetables: Maps of Dhaka showing the difference in area needed (km?) to produce
vegetables locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to
protected natinal parks. (a) Area needed (10,207 km?) to produce vegetables demands in Dhaka in
2020 (r = 57 km) (ton per grid-cell). (b) Area needed (21,904 km?) to produce vegetables demands in
Dhaka in 2050 (r = 84 km) (ton per grid-cell).

To supply the populations of Dhaka, an increase of 64% in area from 2020 to 2050
is needed to supply rice, an increase of 30% in area is needed to supply potatoes and an
increase of more than double (115%) in area is needed to supply vegetables. Note that the
areas are not exclusive, implying that it is possible given the assumptions of the estimates
to increase the production of all three products without having implications for other crops
use of area. The differences in areas needed in 2020 and 2050 are illustrated on the six maps:
Figure 2a,b shows the differences in area for rice, whereas Figure 3a,b shows the differences
in area for potatoes and Figure 4a,b shows the difference in area needed for vegetables.
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3.3. Results for Nairobi, Kenya

For Nairobi a total of six maps have been designed and are presented in this section
(Figures 5-7). For each product, maize, milk products and vegetables, a map for 2020 and
one for 2050 were designed based on the figures provided in Table 4. In all figures, an
increase in radius was implemented.

Figure 5. Maize: Maps of Nairobi showing the difference in area needed (km?) to produce maize
locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to protected natinal
parks. (a) Area needed (11,310 km?) to produce maize demands in Nairobi in 2020 (r = 60 km) (ton
per grid-cell). (b) Area needed (21,124 km?) to produce maize demands in Nairobi in 2050 (r = 82 km)
(ton per grid-cell).

(a) ‘ (b)

.‘(*" , -‘(.“"—:.

Figure 6. Milk products: Maps of Nairobi showing the difference in area needed (km?) to produce
milk products locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to
protected natinal parks. (a) Area needed (59,396 km?) to produce milk products demands in Nairobi
in 2020 (r = 138 km) (ton per grid-cell). (b) Area needed (91,863 km?) to produce milk products
demands in Nairobi in 2050 (r = 171 km) (ton per grid-cell).

Whereas an increase of 87% in area is needed from 2020 to 2050 to supply maize to the
population of Nairobi, the increase in area to supply milk products must be 55%, and in the
case vegetables, more than double the area (116%) of 2020 will be needed. Note that the
areas are not exclusive, implying that it is possible given the assumptions of the estimates
to increase the production of all three products without implications for each other. The
differences in areas are illustrated on the six maps; Figure 5 shows the differences in area
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for maize, Figure 6 shows the differences in area for milk products and Figure 7 shows the
difference in area needed for vegetables.

Figure 7. Vegetables: Maps of Nairobi showing the difference in area needed (km?) to produce
vegetables locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to
protected natinal parks. (a) Area needed (33,006 km?) to produce vegetables demands in Nairobi in
2020(r = 102 km) (ton per grid-cell). (b) Area needed (71,158 km?) to produce vegetables demands in
Nairobi in 2050 (r = 150 km) (ton per grid-cell).

3.4. Results for Kampala, Uganda

For Kampala a total of six maps have been designed and are presented in this section
(Figures 8-10). For each product, plantain, cassava and milk products, a map for 2020 and
one for 2050 were designed based on the figures provided in Table 4. In all figures, an
increase in radius was implemented.

(b)

Supply plantaing UGA tom hm 2030 fixedR (trunc- 600, 336880m 2 re 10 0m) r ,
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B e - 400
- @ R ’ Ii .
. %
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Figure 8. Plantain: Maps of Kampala showing the difference in area needed (km?) to produce plantain
locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to protected natinal
parks. (a) Area needed (32,685 km?) to produce plantain demands in Kampala in 2020 (r = 102 km)
(ton per grid-cell). (b) Area needed (77,437 km?) to produce plantain demands in Kampala in 2050
(r = 157) (ton per grid-cell).
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Figure 9. Cassava: Maps of Kampala showing the difference in area needed (km?) to produce cassava
locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to protected natinal
parks. (a) Area needed (44,488 km?) to produce cassava demands in Kampala in 2020 (r = 119 km)
(ton per grid-cell). (b) Area needed (101,223 km?) to produce cassava demands in Kampala in 2050
(r =180 km) (ton per grid-cell).
(a) (b)
» =5 % ~
Pt 4 ¥
e N . .
NN ; - -
& e B . %0 - 300
s . - l . % 1’ 2%
’r' r Y - 200 . = 200
. X k % AP 150 . 180
- Moy A |
’ + A ': . ;"E-"- s L 100
* % . S0
4 ‘ Y
¥ iy
4 ;

Figure 10. Milk products: Maps of Kampala showing the difference in area needed (km?) to produce
milk products locally to supply the demands projected for 2020 (a) and 2050 (b). Purple refers to
protected natinal parks. (a) Area needed (36.0 x 1000 km?) to produce milk products demanded in
Kampala in 2020 (ton per grid-cell). (b) Area needed (76.0 x 1000 km?) to produce milk products
demanded in Kampala in 2050 (ton per grid-cell).

Whereas an increase in area from 2020 to 2050 is needed to supply demands of these
products in Kampala, and more than double (137%) for plantain, this is also the case for the
supply of cassava (127%) and supply of milk products (111%). The differences in areas are
illustrated on the six maps: Figure 8 shows the differences in area for plantain, Figure 9
shows the differences in area for cassava and Figure 10 shows the difference in area needed
for milk products.



Sustainability 2023, 15, 9005

15 of 23

4. Discussion
4.1. Discussion of the Results

In this article, estimates are provided of Foodshed scenario maps [30] informing of the
potential sizes of areas needed to domestically sustain the increasing urban populations
expected in 2020 and 2050 with core food products. In this period, extensive population
growth and immigration into large cities are expected for Dhaka in Bangladesh, Nairobi in
Kenya and Kampala in Uganda, and they are therefore relevant for illustrative Foodshed
scenario maps to find theoretical extents to which self-sufficiency of core food products
produced and consumed domestically can be obtained in these countries. Based on a set of
assumptions, a series of Foodshed scenario maps inform of areas theoretically available for
main domestic crops produced and consumed, for 2020 and 2050, and thus translate the
demand of main crops into opportunities for areas close by cities to produce them. Note
that the Foodshed scenario maps are based on land availability, and that other resources,
such as water and energy availability, are not analysed.

The results (Areas 2020/2050, Table 4) show that in 2020, in Bangladesh, Kenya and
Uganda, the total areas needed to produce all the three crops demanded in each country
are estimated to be 45.1 km?, 103.7 km? and 113.2 km?, respectively. In Bangladesh, the
areas needed for producing rice, potatoes and vegetables in 2020 are 14.5 km?, 20.4 km? and
10.2 km?, respectively. In Kenya, maize production requires a relatively small production
area in 2020 (11.3 km?) to supply the citizens of Nairobi; however, milk and vegetables
require more area (56.4 km? and 33.0 km?, respectively). In Uganda, the estimated areas
needed in 2020 for all three products are relatively high, with 32.7 km? for plantain pro-
duction, 44.5 km? for cassava production and 36 km? for milk production. Notably, this
land is not necessarily available for production domestically due to ownership of farmers,
but is an estimated equivalent to self-sufficiency to support the demand in 2020, given the
specification of such scenario reported on in Section 2.3.

In order to judge whether the areas estimated are a lot or not, in Table 5, the estimated
areas needed for food production in resource-driven traditional production systems at
city levels for the three products projected for 2020 and 2050 are compared with the total
population at the country level, as well as the total area of the respective countries. The
figures show that the projected population for all three cities as a share of total country
populations for both years range from 8 to 13%. Investigating the areas needed to feed
the urban share of total population in all three countries, the shares of areas for the crop
production, of total country areas, have been estimated. For Bangladesh, the areas needed
are 30% of total country area in 2020 and 49% in 2050, whereas in Nairobi the areas needed
are 18% of total country area in 2020 and 32% in 2050. In Uganda, the areas needed are 47%
of total country area in 2020 and 106% in 2050, which is far beyond what the country can
provide. In other words, it will become difficult to any of the three countries to produce
enough food for all their inhabitants based on domestic supply of these core products
alone.

Table 5. Estimates of shares of area needed in Dhaka, Nairobi and Kampala relative to total population
and total areas in the respective countries.

Variable Population (Pop) (Mill) [62] Area (km?) [63]
Year 2020 2050 2020 2050 2020 2050 2020 2050 2020 2050
Total Area

Total Total City City Share Share (km?) City City Share Share

Pop Pop Pop Pop Pop Pop Area Area Area Area

Bangladesh/Dhaka 164.7 202.0 22.1 26.9 13% 13% 148.5 45.1 72.3 30% 49%
Kenya/Nairobi 53.8 85.0 6.1 8.7 11% 10% 580.4 103.7 184.2 18% 32%
Uganda/Kampala 45.7 105.6 49 8.7 11% 8% 241.0 113.2 254.4 47% 106%
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Looking at the figures in Table 5, it becomes evident that the areas needed are not
available for domestic produce, foremost not for Uganda, but also not for the other countries.
This is a warning in the line of Mc Carthy et al. [33] who notes that the proportion of
people suffering from chronic hunger is currently about one billion people (16% of global
population), and that before 2050 an increase by 70% of global food production is needed in
already overexploited natural resources. Notably, in the projected Foodshed scenario maps
in this study, limitations that can provide even more worrying results include that only
three products are investigated, and landownership impacts have not been accounted for,
while trade effects, new technologies, precision agriculture and shifts in future consumables
are factors that are also not included, but which could potentially contribute positively.

Overall, based on the study results of the Foodshed scenario maps, it is possible
to conclude that under a resource-driven approach with domestic production of food,
food security cannot be met directly. Alternatively, if the areas stay fixed, the increase in
productivity of cultivation per area must contribute to supply the increase in demands in
2050. This is indicated by the results showing the yield /ha increase required (Table 4). In
Bangladesh, Dhaka, such an increase in productivity to supply rice is 64%, the increase
in productivity to supply potatoes is 30% and the increase in productivity needed to
supply vegetables is more than double (115%). In Kenya, the increase in productivity to
supply maize to the estimated future urban populations in Nairobi is 87%, the increase
in productivity to supply milk products is 55% and the increase in productivity needed
to supply vegetables is more than double (116%). In Uganda, the increase in productivity
needed to supply the urban population in Kampala in 2050 must be more than doubled
for all three crops, including for supply of plantain (137%), supply of cassava (127%) and
supply of milk products (111%).

4.2. Discussion of Food System Implications

No study can cover the whole rural-urban food system dynamics and this is far
from the intention in this study. In particular, the Foodshed scenario analyses intend to
contribute with insights that can support decision to be made now to prepare for ensuring
fair transitioning towards a sustainable food system in future [64]. The motivation to
estimate the Foodshed analyses is based on the past, including changing implications of
socio-economic and environmental drivers, such as impacts of the Ukrainian war [11,12],
climate change [19,21,22], as well food accessibility, food stability and food utilization [4].
It can thus be seen as an intervention during a food system transition that can enhance
future food system sustainability and resiliency. Hence, ensuring fair and sustainable
transitioning of current food systems towards a zero-hunger situation in future requires
analyses beyond the estimated scenarios in this study. From a rural-urban food system
approach [8], relevant discussion themes include social inclusiveness and climate related
drivers, such as: (1) levels of accessibilities and affordability by low-income groups such
as consumers living in informal settlements and small-scale farmers, (2) improvements
of institutional contexts, including international trade developments and land ownership,
and (3) accessibility, accessibility and utilization of climate adaptive technologies and
future diets.

First, social inclusiveness can be addressed by the levels of accessibilities and afford-
ability food, availability for future supply and demand of basic crops as well as the issues
of fair and sustainable transitioning. Low-income producers, including small-scale farmers,
as well as the low-income consumers, often living in informal settlements in urban and
semi-urban areas, are among the most vulnerable groups to future food insecurity [65,66].
According to ILO [67], in Bangladesh, informal employment constitutes a total of 89% of
total employment, and within the agricultural sector, the share is as high as 97.7%. In
sub-Saharan countries, including Kenya and Uganda, the total share of the employment is
91.6% of total, including the agricultural sector [67]. A large share of the low-income groups
in low-income countries are supported by affordable and accessible agricultural products,
supplied cheaply by the local small-scale farmers. As such they are, under very unfair
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conditions, solving major world challenges of zero hunger on a daily basis for millions
of people.

Second, international trade developments stress the vulnerability of dependencies of
trade of grain and fuel in the developing world, as well as many other countries because
low-income groups are socially excluded [68]. Of main agricultural import products, ac-
cording to the FAO [50], for all three countries, the most imported product categories are:
wheat and wheat products (4842 thousand tonnes, 1816 thousand tonnes and 669 thou-
sand tonnes in Bangladesh, Kenya and Uganda, respectively), followed by sugar (raw
equivalent) (1932 thousand tonnes) and maize and maize products (1747 thousand tonnes)
in Bangladesh, rice and rice products (929 thousand tonnes) and palm oil (764 thousand
tonnes) in Kenya and palm oil (343 thousand tonnes) and sugar (raw equivalent) (188 thou-
sand tonnes) in Uganda. While the imports extensively supply the upper income levels,
these products are often too expensive and not affordable and accessible to the slum in-
habitants in urban settlements, among other low-income groups, and thus not socially
inclusive.

According to FAO [50], the main agricultural exported product categories on a
yearly basis in Bangladesh are fruits and fruit products (94 thousand tonnes), sweet-
eners (46 thousand tonnes) and crustaceans (43 thousand tonnes). Whereas in Kenya, tea
(503 thousand tonnes), pineapples and pineapple products (163 thousand tonnes) and veg-
etables and vegetable products (133 thousand tonnes) were the largest agricultural export
categories, in Uganda, they were maize and maize products (531 thousand tonnes), coffee
and coffee products (252 thousand tonnes) and beans (232 thousand tonnes). Notably, the
earnings from export are not necessarily benefitting the small-scale farmers. For instance,
in Kenya, the small-scale farmers are contributing a large share through contract farming
with multinationals with exports of tea, which is disadvantageous to local farmers because
of many reasons [69]. Because the contracts are unfavourable to the local farmers, currently
the national government is looking for reforms to enhance the conditions under which the
small-scale farmers are operating. The blooming flower industry is large both in Uganda
and Kenya, and employ 100,000 nds of people [70,71]. Investors and business operators
are often foreign. Notably, foreign landowners are often producing these products and
owning the land, and although the earnings are taken into account in the national GDP,
the small-scale farmers are losing high-producing land and opportunities for income. Con-
sequentially, access to land is problematic with relatively small farms, and agriculture
generates very little income, and it is therefore very difficult for a farmer to emerge from
poverty [72]. The export industry cannot therefore not be regarded as socially inclusive.

Third, technological developments worldwide are providing hope for food security
in future, which simultaneously may encourage social inclusiveness and climate adap-
tive strategies. For instance, precision agriculture can maximize outputs which are min-
imizing inputs, such as labour, water, land and feed [73]. A positive example has been
reported for floating hydroponics not vulnerable to flooding, targeting small-scale farmers
in Bangladesh, and providing a sustainable alternative to sustainable farming [74]. While
this is judged a good practice case, it has not been inclusive to the Bangladeshi farmers,
who mostly are not aware of this opportunity (ibid.). Note that one of the competitive
advantages of low-income countries are their provision of highly qualified, large quantities
of employment. High tech often replaces labour forces [75]. Moreover, to date it has been
shown that investments in high-tech equipment is not affordable to small holders, and often
cultural context-specific conditions are not taken into account when investments are made
by government or foreign investors, resulting in exclusion of the local small-scale farm-
ers [76]. Moreover, the products are often not targeting the informal settlements, and are
not as such affordable and accessible to the low-income groups. Technology development
as of today can therefore not be judged socially inclusive.
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An interesting adjustment may be that future diets may change, including larger shares
of, for instance, microalgae and insects in our food products and feed [77]. Insect as food
is promising for dealing with the reduction in the world’s food resources [78]. The insect
black soldier fly larvae (BSFL) is suitable for feed for poultry, pigs and aquaculture [77].
Spirulina is an example of microalgae which is currently being developed for aquaculture
feed. The insect-based aquaculture feed is currently being scaled in Kenya [79]. Improved
fish feed has been shown to directly reduce poverty among small-scale fish farmers [80]. It
is thus argued that globally, insects have the potential to serve as a food and feed source
with a lower negative impact on the environment [78]. This is a good example of a climate
adaptive strategy that is also socially inclusive.

5. Concluding Remarks and Follow-Ups

Following the warning that a 70% increase in global food production is needed to
supply the world population in 2050 [33], it is of relevance to investigate whether domestic
production of core consumable products can solve the urgencies of sustainably and fairly
feeding the world in 2050. In this article, the main aim is to estimate spatial foodsheds
and theoretical self-sufficiency for food production needed to supply increasing future
populations in a selection of the large cities Dhaka, Nairobi and Kampala, in the countries
Bangladesh, Kenya and Uganda, respectively.

Foodshed scenario analyses [30] have been applied to estimate the self-sufficiency of
three core food products consumed and produced in each country for 2020 and 2050. The
projected demands in 2050 of core consumables in Bangladesh, Kenya and Uganda are thus
used to estimate potential areas needed domestically to produce them. The results show
that domestic production cannot alone solve the urgency of food security in future due
to shortage of suitable areas (see Figures 2-10). Estimates show that in 2020 and in 2050,
the share of the total country populations living in the three cities ranges from 8 to 13%.
In comparison, the areas needed to supply the demands of the core products, as shares of
total country areas, are shown to be higher. Most critical is the situation in Uganda, for
which the needs of land to supply the consumers of Kampala with plantains, cassava and
milk products in 2050, as a share of the total country area, are: 47% in 2020 and 106% in
2050, for which milk products alone would require more than the country area can provide.
In Bangladesh, the areas needed to supply the consumers of Dhaka with rice, potato and
vegetables, as a share of total country area, are: 30% in 2020 and 49% in 2050, whereas in
Kenya the areas needed as a share of total country area to supply the consumers of Nairobi
with maize, milk products and vegetables are: 18% in 2020 and 32% in 2050. The spatial
Foodshed analysis is a resource-driven approach applied in this study, which could have
been expanded from focusing solely on area availability to analyses investigating water
and energy availabilities, which are critically important resources. Note that taking account
of water and energy restrictions, as well as landownership, regulations and future plans
of the city regions, would have set even sharper limitations on domestic food production
opportunities than what is estimated in this study.

In this study, focus is on the SDG2: Zero hunger and SDG11: Sustainable cities and
communities, particularly reflecting on the opportunities for food security in 2050, while
ensuring a fair transitioning and inclusive transition pathway for low-income groups. The
food system approach is used to discuss the social inclusion issue in particular, which is
part of complex relationships, and linked with socio-economic drivers of urbanization,
population growth, trade distractions and the political environment, as well as the climate
drivers. A tremendous challenge exists in ensuring inclusiveness of the consumers in
informal settlements in urban areas and the small-scale farm producers in the rural areas
across developing and emerging countries worldwide.

To solve the problem of area shortage domestically, it is evident that dependencies
on international trade will increase in future [68]. For developing and emerging countries
with large shares of low-income groups, the risk of social exclusion from accessing im-
ported products is large, given high price levels targeting the formal sector of high-income
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groups [69]. While a large share of the city inhabitants will live in informal settlements,
they will have only access to low priced products [72]. At the same time, large shares of the
agricultural areas are already claimed by multinationals or foreign investors who contribute
to national GDPs, but do not offer employment for a large share of the population, nor
affordable and accessible food for the low-income groups. Social inclusion of low-income
groups in developing countries is thus a challenge for taking part in the global economy.

Landownership has over the years been the solution to food security for large shares
of small-scale farmers and their families. The increased foreign investments in land and the
subdivision of land resulting in ever smaller pieces of land by every generational shift in
ownership are both contributing to unfair transitioning [81], and thus social exclusion of
low-income groups. It is recommended to further investigate the role of land ownership
through reaching fair transitioning processes towards increased food security in future.

Besides international trade, future can be confronted with new creative solutions that
not only benefit food security but ensure climate emission is minimized. Although high
technology often is too expensive and not accessible to low-income groups in developing
and emerging countries [76], developments in making them affordable may make a turn in
future. Examples include a floating hydroponics system in Bangladesh that is affordable
to small-scale farmers which adapts to flooding caused by climate change [74], as well as
Recirculation Aquaculture Systems (RAS), which currently circulate water while escalating
fish production per m? in advanced high-tech constructions [82]. Note that currently,
affordable RAS are designed at low prices, targeting the small-scale fish farmers in Kenya.
Another development favourable to deal with climate change and food security is the
replacement of meat consumption with other protein sources such as insects [78], but
also replacing soya with insects in feed will have a great effect on area availability for
food security purposes [77]. Further investigations are needed to find opportunities for
affordability and accessibilities of advantageous technologies to low-income producers
and consumers, and thus enhancing social inclusion as a socio-economic driver in the
food system.

Fair transitioning towards the SDGs is a possibility given that trade, technological
development and changing consumer behaviour meet the criteria of affordability and
accessibility to low-income groups in informal settlements in ever-growing cities, as well
as favourability and acknowledgements to small-scale farmers who currently are the main
suppliers of food to feed the hungry around the world.
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