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Abstract: In response to changing urban food systems, short supply chains have been advocated to
meet urban food needs while building more sustainable urban food systems. Despite an increasing
interest in urban food supply and the flows of food from production to consumption, there is
a lack of empirical studies and methodologies which systematically analyse the actual proportion
and nutritional significance of local and regional food supplied to urban markets. The aim of this
empirical study therefore was to compare the geographical sources supplying food to the urban
population (“foodsheds”) in Tamale, Ghana and Ouagadougou, Burkina Faso, to record the supplied
quantities and to assess the level of interaction between the sources and the respective city. The study
was conducted over two years, covering the seasons of abundant and short supply, via traffic surveys
on the access roads to the two cities, and in the Tamale markets, resulting altogether in more than
40,000 records of food flow. Results indicated that food sources were highly crop- and season-specific,
ranging from one-dimensional to multi-dimensional foodsheds with diverse sources across seasons.
Across the commodity-specific foodsheds, city region boundaries were established. Within the
proposed city region a relatively large proportion of smallholders contributed to urban food supply,
taking advantage of the proximity to urban markets. While food provided from within the city region
offers certain place-based benefits, like the provision of fresh perishable crops, a larger geographical
diversity of foodsheds appeared to enhance the resilience of urban food systems, such as against
climate related production failures.

Keywords: urban food systems; foodsheds; city region food systems; food flows; urban food supply;
spatial analysis; GIS mapping; climate change

1. Introduction

Despite major development efforts, food and nutrition security remains a grand challenge in many
African countries. At the same time, urban populations continue to increase. West Africa is among the
most urbanising sub-regions in Africa, and its urban population is expected to rise from 44.9% in 2011
to 65.7% in 2050 [1]. This is affecting the way urban areas supply their food and is changing urban food
systems. Changes are not only driven by growing urban demand for food but also by the globalisation
of food markets and changing diets towards more animal products and processed foods [2].

Some scholars and advocates have associated the change in urban food systems with negative
effects such as rising food prices and high energy demand, further accelerating climate change [3,4].
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In response, shorter food supply chains and more localised food systems at the city or community
level have been advocated [5]. Food from local and regional sources is considered to be “a vital
component of a transition to a more sustainable and more just food system” [3] (p. 3) as it may
improve the economic viability of local communities, provide better nutrition through fresh produce,
and strengthen consumer–producer relationships.

The “local food system” approach as opposed to the agro-industrial “conventional globalising
food system” is based on a variety of movements and theories, such as “alternative agrofood
networks” [6] (p. 24) and has its roots in the Anglophone-industrialised world [5,7,8]. While these
countries are embedded to a greater extent in globalised food chains, developing countries are
characterised by a larger degree of local and regional production [9]. According to Reardon (2016) [2],
80%–90% of food consumed in developing regions comes from domestic sources, and only a small
share from imports.

In developing countries, despite the dominating local production, localised food production
has been promoted in view of rapidly growing cities. Therefore, urban and peri-urban agriculture
as a means to enhance food security and provide income to urban dwellers has received increasing
attention in the past decade in both research and development [10–12]. Most recently, the focus has
shifted to city region food systems (CRFS) as a holistic and integrative planning framework comprising
urban, peri-urban and rural landscapes [9,13].

Whether the supply of food from local sources is more sustainable than that from non-local
sources has been a matter of debate. Hinrichs (2003) [14] questioned the local–global dichotomy
and Born and Purcell (2006) [15] introduced the problem of falling into the “local trap”, arguing that
a local-scale food system is not inherently better than a national- or global-scale food system.

Therefore, diversifying food supply including local, regional, national and global food sources is
increasingly seen as a means to enhance resilience of the food system [13]. Multiple sources of food
may also entail multiple ways by which food reaches the city as well as multiple trading systems [16].
If the production of a crop fails in one location, for example, due to climatic disaster or major price
changes, other sources can mitigate the shortage. For example, as a response to the price hike for
cereals on international food markets in 2007–2008, governments in West Africa began to diversify
food sources and increased their reliance on the domestic supply of staple food crops [17].

Given the diversity and complexity of geographical contexts, a “one size fits all” approach is
very unlikely to solve problems related to sustainable food systems [18] (p. 186). Therefore, there is
a need to understand and map so-called foodsheds, i.e., food flows from the source of production
to consumption at the city level. From an understanding of current food flows, improved strategies
towards enhancing the resilience and the sustainability of urban food systems may be developed.

However, surprisingly, only a few empirical studies have attempted to analyse which geographical
areas feed urban centres. In recent case studies, conducted mainly in North America, foodsheds were
conceptualised as the potential quantity of food that could be grown in the vicinity of cities, but not as
real-world food flows from production to consumption [19–22].

In developing countries, empirical data on food flows at the city level are very limited.
They include a study in Kesbewa, Sri Lanka that recorded the food flows supplying the urban
population with products for their daily food basket based on a survey among traders and expert
interviews [23]. The purpose of the study was to identify the potential of a more localised production.
Mukui (2002) [24] recorded food inflows on markets in Nairobi from wholesalers to determine
the relative contributions of urban and peri-urban agriculture, and of rural-to-urban food inflows.
Drechsel et al. (2007) [25] looked into urban-rural food flows in West African cities (Accra, Kumasi,
Tamale, and Ouagadougou) for the purpose of identifying the role of urban farming and the resource
recovery potential from food waste. Their focus was on 23 commodities from urban, peri-urban, and
rural production. The study was carried out in two seasons (lean, peak) and included market and
consumer surveys. In all these studies, quantities of incoming food flows were based on information
from traders; however, the share of the total number of traders per commodity remained unclear.
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In the first two studies mentioned, only one season was considered which yields an only limited
picture given the likely high seasonal differences. Obtaining quantitative data by market surveys is
challenging, in particular where decentralised market systems prevent cross-checking of counts and
traders are reluctant to provide information.

In view of the above, our study aimed at capturing quantities as well as the spatial and temporal
patterns of food flows supplying urban populations in West Africa. Study areas were the rapidly
growing cities of Tamale in Ghana and Ouagadougou in Burkina Faso. Specifically, the aims of
this paper are (1) to determine which geographical areas supply the urban population (“foodsheds”);
(2) to assess the contribution of the respective city regions; and (3) to discuss possible policy implications
for resilience of the urban food system.

2. Description of the Study Sites

Ouagadougou is the capital of Burkina Faso and Tamale the third largest city of Ghana and major
administrative centre of the Northern Region. The cities differ in size, in their national administrative
and economic importance and in their historical development, influenced by the colonial Francophone
and Anglophone systems, respectively. However, as neighbouring countries they also share a common
market basin [26], and are both facing rapid urban growth. Ouagadougou experienced a population
increase of 400% between 1985 and 2012, from 500,000 to almost 2 million today [27]. In Tamale,
the urban population doubled on average every decade, increasing from 83,650 in 1970 to 371,350 in
2010 [28]. In recent years, urban population growth has accelerated, accounting for an annual growth
of 3.8% in Ouagadougou and 4.5% in Tamale.

Both cities are located in the West African Savannah Region with a unimodal rainfall distribution,
and a long dry season. Ouagadougou has an annual precipitation of 880 mm [25]. Despite a harsh
climate with low and variable rainfall and its generally low productivity and subsistence-dominated
character, Burkina Faso’s agriculture sector generates a third of the country’s gross domestic
product (GDP) and employs 80% of the population [29]. Main cereals are maize (Zea mays L.),
sorghum (Sorghum bicolor L.) and millet (Pennisetum glaucum L.) that are produced mainly in rain-fed
agriculture (Figure 1). However, the country also has potential in the use of surface water and
groundwater for irrigation out of which so far only 10% (26,760 ha) is exploited [30]. Livestock
production is an important pillar of the Burkinabe economy, and the principal cash crop is cotton
(Gossypium hirsutum L.) accounting for a large share of the country’s export income followed by oilseeds
such as sesame (Sesamum indicum L.), and cashew nut (Anacardium occidentale L.) [31]. Burkina Faso is
vulnerable to external trade shocks due to its landlocked location and volatile world market prices
that caused large drops in the price of cotton in the late 1990s and early 2000s [32]. Burkina Faso is one
of the poorest countries in West Africa and despite improvements in its agriculture sector, more than
3.5 million people, roughly 20% of the population, are considered to be food-insecure [29].

Tamale is located in the Guinea Savannah with an average annual precipitation of 1033 mm [25].
Due to its north-south expansion, Ghana has a number of agroecological zones including tropical
rainforests. While the northern part of the country is suitable for staple crop production, particularly
maize, rice (Oryza sativa L.), yam (Dioscorea spp. L.), and pulses, the South also produces fruits and
cocoa (Theobroma cacao L.) with the latter as the main cash crop accounting for 16% (USD 246.7 million)
of the total exports in 2001 [31]. Roots and tubers for household consumption are more common
in Ghana as compared with Burkina Faso where sorghum and millet dominate (Figure 1). Crop
production in the Northern Region as in Burkina Faso is highly seasonal and, apart from a few
irrigation schemes, limited to the rainy season. Despite this, livelihoods in and around Tamale largely
depend on agriculture and related marketing. Tamale is a trade hub located on the North-South
route linking the production areas in the north with those of the country’s south. In the urban
areas, subsistence and commercial backyard gardening are similarly common [33]. While Ghana is
considered a relatively wealthy country in West Africa, a strong South-North gradient can be observed.
The Northern Region is among the three poorest ones in Ghana with a poverty rate of 52% in 2005/2006
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and a high rate of malnutrition, with 30% of children under the age of five being stunted or chronically
malnourished [34,35].
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Figure 1. Location map showing the two study sites in West Africa and food staple zones (Modified
after Auricht et al. 2014 [36]).

3. Materials and Methods

We applied a quantitative approach to assess flows of largely unprocessed food items that
dominate consumption patterns in the study areas. More than 50 crops and animal products (live
animals, meat) were captured, including slightly processed items such as smoked fish and processed
rice (husked, milled) and groundnuts (unshelled). Eggs and dairy products were not considered.

The study comprised a road survey in both cities and a market survey in Tamale. Roads are the
only entry point to Tamale. In Ouagadougou, food is also imported via railway from Côte d’Ivoire
(Figure 1). While fresh food such as mango (Mangifera indica L.) is also exported from Ouagadougou
via air, almost exclusively high-value processed food is imported by plane (personal communication
with airport officials). Transport via waterways does not play a role for urban food supply in either
city. The survey allowed recording virtually all the food entering the two urban areas via roads
during the survey period. Thus, flows of food were recorded that would otherwise not be captured
by official statistics or market surveys, such as food bypassing public marketplaces and reaching
warehouses, restaurants or consumers directly. Secondary customs data were consulted to acquire
further information on the origin of imported goods, i.e., to trace back the origin of goods coming from
the port or a border town.

4. Data Collection

4.1. Road Transport

Flows of unprocessed food were captured on all primary and secondary access roads to the cities
of Tamale and Ouagadougou (Figure 2). On these roads, all vehicles carrying food were recorded at
official check points as they entered or left the city (Figure 3). The surveys were carried out with the
help of enumerators who noted at each roadside (1) type of food item; (2) quantity; (3) source and
(4) destination.
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Figure 3. Data collection in the West African cities of Tamale (a,b) and Ouagadougou (c).

In Ouagadougou, enumerators were positioned at toll gates located on the seven access roads.
Apart from one secondary road (Ouagadougou—Pabré) where data were collected 12 h/day, all other
toll gates were covered 24 h/day.
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In Tamale, data were collected in collaboration with the police at existing road checkpoints located
on the primary and secondary access roads outside the city entrance. The three primary roads were
surveyed 24 h/day, while the two secondary roads with no major food flows during the night were
covered 12 h/day.

Officers at these check points assisted in stopping the vehicles, and facilitated access to the driver
or the driver’s assistant. Vehicles that did not stop or where drivers were reluctant to give information
were recorded as well and the quantity of food estimated where possible. Data were collected for the
period of six days in each season, that is the peak production season (end of rainy season) and the lean
season (end of dry season). The six-day period corresponds to the traditional market system in both
regions (Box 1).

Box 1. Periodic Market Systems in West Africa.

Markets in the former kingdoms of Mossi (in central Burkina Faso) and Dagbon (northern Ghana) form
an integrated, complementary system where markets at different hierarchical levels are held on different market
days. This so-called periodic market system originated in pre-Islamic times and is found throughout West
Africa [37]. In northern Ghana and central Burkina Faso, the market week usually lasts three or six days.
This means, that every three or six days, local farmers have the opportunity to market their produce at the
closest village or small town market. At these markets, traders purchase goods which they will typically resell
at the next bigger (urban) market. In urban centres like Tamale and Ouagadougou, markets typically operate
every day receiving goods from various village and small town markets as well as from nearby producers. In the
case of Tamale, the main market with wholesale and retail functions has a specific market day, on which traded
volumes and the food-supplying area increase considerably compared with the other week days.

In Tamale, the survey was carried out for two consecutive years and twice per season.
In Ouagadougou, the survey was conducted in one year covering two seasons (Table 1).

Table 1. Metadata of the food flow surveys conducted in the West African cities of Ouagadougou
(Burkina Faso) and Tamale (Ghana) between 2013 and 2015.

Survey Periods Season
Total

Number
of Records

Missing Values (%) Total
Incoming

Records (%)

Incoming Records
with Urban

Destination (%)
Quantity/

Unit Source Destination

Tamale

18–24 November 2013
Peak 14,178 2.6 12.0 11.4 60.7 54.7

17–22 November 2014

7–13 April 2014
Lean 13,159 1.5 11.0 10.8 47.8 41.1

16–22 March 2015

Ouagadougou
6–12 May 2014 Lean 6332 0.4 38.0 38.9 57.3 32.0

1–6 December 2014 Peak 6834 0.6 28.6 28.2 67.4 44.2

4.2. Market Survey in Tamale

At the main Tamale wholesale market, food inflows and outflows were recorded 24 h/day,
in addition to the flows recorded on the road. In Ouagadougou, recording inflows and outflows
at the market level was not feasible due to the decentralised market system. In Tamale, the market
survey ensured a comprehensive picture by accounting for flows originating in particular from the
north-eastern part of the country with small towns such as Gushegu and Karaga. The related tertiary
road was not covered in the road survey due to the lack of a police check point. Moreover, on the
market days of the immediate five village markets, the amount of food, loaded into vehicles leaving
for Tamale, was noted. This improved the accuracy of the overall data. The road and market surveys
complement each other, also for example for inner-urban food flows that could not be recorded on
the roads.
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4.3. Secondary Import and Export Data

Official statistics on imported and exported food crops were obtained from the customs authority
in Ouagadougou for the year 2014. These national-level data helped to identify the countries of origin
when the border town or the next port was recorded as a source. For Tamale, aggregated national
data were consulted for that purpose (FAOSTAT; UN Comtrade). Apart from the road survey, the only
other entry point that was not covered by our study was the railway in Ouagadougou. Therefore,
secondary data were acquired from the railway company SITARAIL based in Abidjan, Côte d’Ivoire,
revealing the monthly quantities of goods imported via railway to Burkina Faso. Monthly quantities
were adjusted to represent quantities imported during the period of six days. The airport as an entry
point did not play a role for imported unprocessed food items.

5. Data Processing

Data were entered into a PostgreSQL database with PostGIS extension, capable of storing
and processing large amounts of spatial data [38]. Processing and cleaning the data included the
assignment of source and destination to georeferenced locations, standardising units, handling blanks
and metadata. As in Tamale additional data were compiled through the market survey, thereafter
duplicates were identified and removed before analysis. This was done on the basis of metadata such
as date, time, direction and number plate. Measurements of weights and units were taken in the
markets. Quantities were converted to fresh weight by assessing unit weight per transport volume
(sacks, boxes, etc.).

Altogether, around 6000–7000 records of food flows were captured per survey (Table 1).
One vehicle may refer to a single record or to several records if the vehicle carried different types of
food or different units. Missing values related to quantity and unit for all observed flows, including
those captured on the roads and in the market, were minor, representing 0.4%–2.6% of the data.
In Tamale, source and destination were not recorded in about 10% of the cases. In Ouagadougou,
the percentage was higher (see limitations). Incoming records represented between almost 50%–67%
of the data after removing transiting vehicles and outgoing flows. Between one-third and half of the
data contained information on the urban destination and were used for the foodshed analysis. In turn,
in Tamale, about 6% and in Ouagadougou about one-quarter of the incoming vehicles did not include
specific information on the destination.

6. Data Analysis

6.1. Mapping Urban “Foodsheds”

Analogous to a watershed, the term “foodshed” is used to describe the flow of food in the food
system from different sources to a particular end point (in this case the city). While the original
term refers to the food system in general, today it often relates to local food systems connecting local
producers and consumers [3]. In this paper, we use the term “foodshed” for the geographical sources
supplying food to the urban population. To map urban foodsheds of different commodities and
seasons, all records with an urban destination were extracted from the dataset. The urban boundary
was based on the densely built-up area. Then, heat maps were created to visualise the sources of
these flows on the basis of relative quantities. Unless stated otherwise, fresh weight was converted to
percentages to allow for comparisons between commodities, regardless of their weight.

The quantification of incoming flows was based on fresh weight and included all incoming
flows irrespective of their source. Major outgoing flows, i.e., food that was exported from the city for
consumption elsewhere, were considered in the interpretation of results.

6.2. Delineating City Regions

The concept of city regions is not new but has been reintroduced as a relevant spatial unit in
the context of urban food systems. The basic premise of a city region food system approach is that
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urban, peri-urban and nearby rural areas exist in a (non-linear) continuum with multiple types of food
system-related flows and interactions [9]. The main interest of the approach is to tackle food-related
challenges such as inadequate nutrition, and food waste by improving the connections between urban
and rural areas (ibid.). Accordingly, the “territorial approach to food systems” links a “geographic
space of analysis to a relevant geographic space of action” [39] (p. 3).

The geographic space of a city region in the context of food systems has not been defined based on
comparable criteria but is considered “a flexible space constructed from meaningful linkages whether
they be political, economic, cultural, physical or ecological” [9] (p. 30). However, in order to serve as
a common analytical spatial unit, it is useful to at least conceptualize the extent of such a region, so as
to assess the contribution of sources from the city region to the urban food supply. Therefore, we aimed
at delineating the spatial extent of city region(s). We did that by taking a food system perspective
including the nearby production of food (source) and the consumption of food in the city (destination).

Thus, data were collected at the city scale, but the foodshed analysis reached beyond the local
level and even included international food sources. City regions form a subset of all foodsheds and
encompass food sources from urban and peri-urban areas as well as from the nearby rural hinterland
(Figure 4).
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The relevance of sources around the cities for urban food supply thereby determined the
boundary setting. Given the magnitude of food items, they were grouped into clusters using common
classifications schemes. Apart from the basic food groups suggested by FAO (1964) [40], we also
considered household expenditure data as an alternative option given that a typical household spends
about half of the income earned on food in both cities [41,42]. The approach covered 92% of the food
urban dwellers pay for (apart from processed food and beverages/water) as documented in the World
Bank consumption database which is based on national household surveys [43].

Thus, food items were included in the analysis on the basis of three different ways:

(1) All crops were considered (Figures 14 and 15).
(2) Based on absolute fresh weight, the most common crops in each food group were selected for

each city [40] (Figures 14 and 15; Appendix Table A1).
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(3) The three to five highest-ranking food groups in terms of household expenditure were considered
(Figures A1 and A2; Table A2).

In addition, the number of records was plotted on the distance gradient as a proxy for the number
of vehicles entering the city.

7. Limitations

On the road, the passage of all vehicles apart from big passenger busses was recorded.
In Ouagadougou, railway cargo goods were covered by official statistics provided by the railway
company, but not goods hand-carried into the city by train passengers. Unlike in Tamale,
in Ouagadougou, only goods coming from beyond the check points were noted down. Therefore
urban production and some parts of peri-urban production were not considered.

During the first lean season survey in Ouagadougou, we were not permitted to work at the
Ouagadougou-Loumbila toll gate (northeast of Ouagadougou). Therefore, vehicles and loads were
recorded without interacting with the drivers. As a result, locations (source and destination) could
not be recorded and food quantities were estimated by our enumerators based on a rigorous training.
Supported by expert information, source locations were assigned to recorded flows based on the type
of food and the type of vehicle.

Road surveys do not allow tracking down the exact location of production as drivers may not
know these locations. However, we assumed that in general production—of perishable goods and
basic staples in particular—took place close to the marketplace from where goods were transported to
the city, and which, as the starting point of each journey, was recorded. In case of cities with major
wholesale markets (e.g., Techiman, Ghana), ports or border towns being recorded as sources, secondary
data helped tracking back the likely country of origin.

Having covered six days per season may, of course, not reflect the entire season well,
also considering that seasonality varies by crop. The data were not extrapolated for the year as
the aim of the study was not to quantify overall urban food supply such as done by Drechsel et al.
(2007) [25] but to analyse food sources and foodsheds, and to compare urban supply within distinct
periods. Additional information was gathered on likely events which could have affected food flows,
to exclude factors such as droughts or flooding.

8. Results and Discussion

Urban Foodsheds

Both countries heavily rely on cereals as the main source of calories. In terms of weight, maize
and rice were the most important cereals entering the cities, followed by millet, sorghum and wheat
(Triticum aestivum L.; Figures 5 and 6). In Burkina Faso, millet, maize, and sorghum are the most
important food commodities for household consumption [44]. While millet is the major staple for
the most vulnerable households, sorghum and maize are consumed by the majority of households
(ibid.). The relatively small incoming quantities of millet and sorghum as compared with maize
and rice can be attributed to the fact that these crops are typical subsistence crops. While most of
the maize was supplied by national sources, more than 90% of the rice was imported, out of which
approximately 70% came from Côte d’Ivoire to Burkina Faso via railway as revealed by secondary
data. It is, however, likely that rice imported via railway also supplies other urban centres along the
route such as Bobo-Dioulasso. Therefore, the figure probably overestimates the quantity of imports
and has to be treated with care. Elbehri (2013) [17] and FAOSTAT (2013) [45] reported smaller numbers
at the national scale: According to FAOSTAT (2013) [45], the share of imports in relation to rice supply
was about 60% for the year 2013. Elbehri (2013) [17] stated a decrease of the proportion of rice supply
covered by domestic production from 70% in the mid-1990s to less than 30% today. Another likely
reason for the gap between our results and figures in the literature stems from the fact that imported rice
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is being transported mainly to the capital from where it is redistributed to other places in the country.
Our data showed that more than 60% of the rice, likely most of it imported, left Ouagadougou again.

The resulting dependence on imports can be attributed to a rising consumption of rice particularly
in urban centres and a relatively lower productivity [17]. According to our data, imported rice passed
mainly through the neighbouring country of Côte d’Ivoire that has historically been the major transit
route for exports from, and imports to, the landlocked country [32]. Smaller quantities also passed
through Togo and Ghana.

As in Burkina Faso, in Ghana, rice is also associated with an urban diet, with per capita
consumption of rice in urban areas accounting for about 76% of total rice consumption (CARD,
2010 cited by [46]). Ghana is also far from self-sufficient for rice, importing more than 50% of its
domestic demand in 2013 [45], even though rice production has increased in the recent decade.
Between 2003 and 2013, it has more than doubled from 238,810 to 569,524 tonnes. Although production
takes place in all regions of the country, the Northern Region is a major production area providing
almost 40% of the domestic supply [46]. The geographical proximity of production may be the reason
for a higher level of self-sufficiency in Tamale as compared with the national average. According to our
data, 14%–20% of the rice was imported in the lean and peak season, respectively. Other cereals—apart
from wheat—were also produced in close vicinity to the city. Warehouses in the source communities
ensure stable supply across seasons. Cereals, foremost maize, and also other staples such as yam,
beans (Phaseolus vulgaris L.) and groundnut (Arachis hypogaea L.) were exported from Tamale to the
central and southern parts of the country in both seasons. The importance of these staples for Tamale
as compared with Ouagadougou becomes obvious when comparing the incoming quantities per capita
(Figure A7).
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For Ouagadougou, Bobo Dioulasso was a major supplier of maize (in both seasons) and millet
(particularly in the lean season). The western part of the country is known as a surplus production
area for cereals [47]. Apart from Bobo Dioulasso, millet also came from Pouytenga in the peak
season and from Fada N’Gourma in the lean season. These towns are important wholesale markets,
attracting produce from the millet surplus areas in the east (as confirmed by Haggblade et al., 2012 [26]),
and facilitating cross-border trade. For instance, cereal trade flows between Burkina Faso, Ghana
and Niger are directed through the large cross-border market in Pouytenga [48]. Our data confirmed
that considerable quantities of maize left Ouagadougou for Niger, while millet was exported to
coastal countries.

Cross-border trade in West Africa is considered to be far below its potential extent, considering the
diversity of agroecological zones. This is due to high transaction costs caused by limited transport and
communication infrastructures, fragmented regional markets and lack of predictable trade policies ([17];
Box 2). Even though ECOWAS was established to promote free trade, numerous barriers prevent
translating the official commitment into practice [17].

Box 2. Transport Costs and Prices in West Africa.

In West Africa, there are manifold factors increasing transport costs and causing delays on the roads including
slow and costly trade procedures and informal taxation at the borders [17]. According to OECD (2013) [49],
transportation costs even exceed tariffs in cost and delays on border crossings; further, coordination problems
and harassments significantly contribute to the total transport costs. As a response, the West Africa Trade Hub
(WATH) project was funded to provide information on, and to fight, road harassment ([50]; Figure 7). The WATH
project found that in Burkina Faso and Ghana there are, on average, five control points per 100 km and that the
average amount of bribe cost per 100 km was USD38 for Burkina Faso and USD10 for Ghana. The average time
spent at the control points per 100 km was 45 min for Burkina Faso and 35 min for Ghana [51]. That means
that for a trip from Accra to Ouagadougou, drivers have to spend, on average, USD146 on informal payments,
and have to spend more than 6 hours on more than 50 check points, the border not included.

In addition, cartels that control transport services charge high transport prices despite an aged vehicle fleet
and poor services, resulting in far higher prices than in developed countries [52]. Thus, even if external measures
are being taken such as lowering fuel prices to reduce transport costs, it would not have an impact on the price
which is determined by the trucking market.
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Fish plays an important role in both the Burkinabe and Ghanaian diets and contributes to
the necessary protein intake given the heavy reliance on staple crops [53]. In Burkina Faso, urban
households spend 11% of all expenditure for (unprocessed) food on fish, while households in Ghana
even spend almost one quarter of their food expenditure on fish (Table A2). Ghana is one of the few
countries in the world where fish accounts for more than 50% of the population’s animal protein intake
as compared with the world average of 17% [53]. Therefore, it is not surprising that fish dominated
the incoming animal sources in both cities (Figures 8 and 9). However, outgoing flows need to be
considered, whereby in Ouagadougou up to 28% of the fish left the city again for other places in the
country. In Ouagadougou, the greater part of the fish was imported from Senegal and Mali (dry fish)
as well as from Ghana (fresh fish). However, since Ghana cannot meet its own fish demand by the
domestic catch, it is likely that fish coming from Ghana had its origin elsewhere. National data show
that currently, in Ghana, two-thirds of domestic consumption is covered by domestic supply, while
one-third is met by imports [54]. One-quarter of the total domestic fish catch in Ghana is met by inland
fishery (ibid.). According to UN Comtrade (2015) [55], the major exporting countries in 2015 were EU
countries (50%) and Togo (39%). Our results revealed that in Tamale, 83%–87% of the supply passed
through the port of Tema and a small proportion also originated from central Ghana.
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The livestock sector is a major pillar of Burkina Faso’s economy contributing more than
18.6% (including forestry and fisheries) to the country’s GDP and accounting for 25% of its export
earnings [30]. Almost 300 cows entered Ouagadougou daily during the peak season. The main source
was Dori in the northeast of the country, followed by Yako and Ouahigouya north of Ouagadougou.
In the lean season, only half the cattle head entered the city as compared with the peak season. While
Sahelian countries have good conditions producing domestic ruminants, the coastal countries are
better suited for short-cycle livestock (poultry and pigs), especially in urban and peri-urban zones [17].
Accordingly, more than half the cattle head were exported, to Parakou (northern Benin), southern
Ghana and Pouytenga, a city that serves as a trade hub between Burkina Faso, Niger and Benin.
Ghana’s cattle imports has risen five-fold in five years from 7192 head in 1993 to 35,946 in 1998,
with Burkina Faso and to a lesser extent Niger as the two main sources [57]. Live cattle as well as small
ruminants entering Tamale, however, came not from Burkina Faso, but from the surrounding areas.
Northern Ghana is also suitable for livestock-keeping and even exported to the central and southern
parts of the country; however, the main livestock trade occurred between Burkina Faso and the coastal
cities of Ghana, passing through Tamale. Not only cattle but also small ruminants (sheep and goats)
were exported from Burkina Faso to southern Ghana. They originated from dispersed sources in the
central part of the country. In general, livestock-keeping is a potential source of income rather than for
self-consumption and can be considered a risk-reducing strategy [57]. Therefore, it is difficult to assess
the amount of meat that is being consumed in the two cities using livestock flow data. For example,
for Ouagadougou, cattle are fattened in the city and it is only weeks later that they are exported to
other countries. Consumption data may be a more reliable indicator of meat consumption.

Yet, generally, demand for livestock products including poultry is expanding in West Africa as
a result of population growth, increased urbanisation, and rising incomes [58]. In many West African
countries, the growing demand for poultry has been met by cheap poultry imports from Europe which
was critically discussed given the “huge, untapped domestic poultry industry” in the region [17]
(p. 32). This was made possible after the introduction of the Common External Tariff (CET) in West
Africa that reduced the tariff rate to 20% [59]. It has had differing effects on poultry markets in the
region, with some countries experiencing large import flows of frozen poultry such as Ghana and
others like Burkina Faso receiving very little [58]. Schneider et al. (2010) [59] noted that despite similar
import regulations and tariffs domestic production of chicken accounted for almost 100% of total
consumption in Burkina Faso. This is reflected by the large inflow of live chicken into Ouagadougou.
Our data showed that 16,000 chicken and 1000 guinea fowls entered the city daily, mostly by motorbike
(Figure 10). Schneider et al. (2010) [59] assumed that the country’s landlocked location, and the far
distance to the next port prevented the influx of frozen poultry from Europe. Hence, trade barriers
including high transport costs can, in some cases, also protect domestic production. On the other
hand, Ghana imports more than half of its poultry supply [59] despite a flourishing poultry industry
in the late 1980s [60]. This is reflected in the small number of chicken entering the city per day:
120–770 chicken and 300–245 guinea fowls in the peak and lean season, respectively.

Apart from onion (Allium cepa L.), urban vegetable supply in Ouagadougou was met by domestic
production, albeit with large seasonal differences (Figure 11). In the peak season, vegetables entering
the city stemmed from surrounding areas, while in the lean season, vegetables were produced
in various locations throughout the country. It is likely that peri-urban areas of Ouagadougou
and the rural hinterland take advantage of the proximity to the urban market in the peak season
when weather conditions allow the cultivation of vegetables almost everywhere. In the lean
season, however, vegetable production is limited to locations where irrigation water is available.
Tomato (Lycopersicon esculentum L.) was produced in irrigation schemes such as in Yako, Titao,
Kongoussi, while eggplant (Solanum melongena L.) as well as zucchini (Cucurbita pepo L.) came from
irrigation schemes close-by, such as from Loumbila, Ziniare, and Zitenga. Most of the cabbage
(Brassica oleracea var. capitate L.) was provided by areas close to Bobo Dioulasso. Part of the onion
supply was produced in the country, and sourced from mainly Fada N’Gourma and Koupéla;
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but especially in the lean season the amount of imported onion from Niger exceeded domestic
supply. Secondary import data at national scale indicate that apart from the largest exporter, Niger,
onion is further imported from the Netherlands and Morocco to Burkina Faso. On the other hand,
onion production in Burkina Faso is increasing and exports exceed the amount of imported onion [45].
Our data revealed that in both seasons, onions left the city again to Côte d’Ivoire and Ghana. Our data
also showed that large volumes of onion moved from Niger and Burkina Faso to central and southern
Ghana, passing through Ouagadougou and Tamale. Hence, no onions from Burkina Faso were
recorded to end in Tamale and only a small part of the onion supply entering Tamale came from Niger.
Informal interviews indicated that even though onions from Niger are appreciated by the customers,
trade relationships are not yet well established between traders in Tamale and Niger. For example,
traders on the Tamale market would be granted credit by their long-known supplier from Bawku in
North Ghana while they had to pay for onions from Niger in cash (personal communication).

Apart from onion, tomato was traded across borders. According to secondary customs data,
tomato produced in Burkina Faso in irrigated agriculture during the lean season was exported mainly
to Ghana and Benin. Turnover in Ouagadougou before continuing to Ghana may explain the higher
quantities of incoming tomato to Ouagadougou during this season. This is reflected in our data:
Tamale sourced 84% of its tomato from Burkina Faso in the lean season (Figure 12). In the peak season,
central Ghana, in particular Techiman and surrounding communities, provided fresh tomato from
rain-fed cultivation. Market data collected on a monthly basis revealed that in January and February,
Northern Ghana with its towns Navrongo and Bawku are additional suppliers in the lean season.
However, the tomato industry in Northern Ghana has experienced a decline in the past years [61–63].
Tomato from Burkina Faso is considered of superior storage quality and therefore has higher retail
prices [64] which was confirmed by informal interviews. Moreover, tomato paste imports surged in
the 2000s, from 24,654 tonnes in 2003 to 109,513 tonnes in 2013, providing a low-cost substitute to
fresh tomato. Other vegetables supplying Tamale such as hot pepper (Capsicum spp. L.) and okra
(Abelmoschus esculentus L.) were produced in close vicinity to the city and the only crop that was only
available seasonally was avocado (Persea americana L.) coming from the central part of Ghana as well
as cabbage albeit with hardly any seasonal variaton.
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For Tamale, urban agricultural production could be captured by data collected at the inner urban
market. These data revealed that urban agriculture supplied traditional leafy vegetables such as jute
mallow (Corchorus spp. L.), roselle (Hibiscus sabdariffa L.) and amaranth (Amaranthus L.) as well as exotic
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leaf vegetables such as lettuce (Lactuca sativa var. capitate L.; Figure 13). Leaves take a substantial part of
traditional diets and are an important source of Vitamin A. These were not the only crops cultivated in
urban areas but the only ones that were supplied exclusively by urban farming. The perishable nature
of the produce does not allow for long transport routes due to the lack of cool storage. Hence, crops
produced in urban areas benefit from close proximity to the urban market. This has been documented
for many African and Southeast Asian cities [65] in general and for Tamale and Ouagadougou in
particular [33]. According to Drechsel and Keraita (2014) [66], 80% of the cabbage supply was provided
by urban agriculture in Tamale. This could not be confirmed by our data according to which only 3.6%
and 6.2% of cabbage was sourced from within the urban area in the lean and peak season, respectively.
It has to be noted that incoming quantities are rather conservative estimates, since only those volumes
entering the main marketplace in Tamale were captured, while street sellers have not been considered
who may market a considerable proportion of the leafy vegetables. Moreover, backyard gardening for
subsistence as well as for commercial purposes is common [33].
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9. City Region Food Systems

Due to lack of a common definition, we approached the city region considering the importance of
surrounding areas for urban food supply. Specifically, we considered source locations as well as relative
quantities provided by those locations to the urban population. This way, places of production as well
as places of consumption are considered. Thus, the entire food system is taken into account, including
all stages in the food chain from production to consumption. Moreover, we considered different
groups of food items based on common classification schemes such as the FAO-based food groups
and the most important food groups based on household food expenditure for urban populations in
each country.

Results showed for both cities clear changes in the cumulative contribution of food along a distance
gradient (Figures 14 and 15). There is a steep increase of contributions in short distances from the
city centre and after a certain distance the growth declines. The data showed similar trends no matter
which grouping was used (see Figures A1 and A2 for grouping based on household expenditure).
This indicates that a variety of the most relevant crops come from the same source locations.
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In Ouagadougou, the distance from the urban centre at which the contribution of food items
decreases was reached at 50 km and included 30%–32% of all crops and 20% of the major crops
(Figure 14). For Tamale, the cut was already reached at 30 km, likely due to the smaller size of the
city and the corresponding smaller area it needs to supply 30% of the total food needs (Figure 15).
Within that area 30%–40% of all food and 26%–28% of the major food was sourced. Another cut
was reached at 100 and 105 km, respectively, in both cities. In Ouagadougou, 50%–55% of all and
37%–45% of the major food items came from within a radius of 105 km, while in Tamale the proportion
ranged from 50%–58%. In Tamale, 80%–90% of food items were sourced within a distance of 300 km.
In Ouagadougou, the proportion was smaller with 60%–80% of food originating from within the
300 km radius.

Thus, two distance boundaries are suggested for the extent of city regions, i.e., the 30% city region
(CR) and the 50% city region, named according to their lean-season contribution of all crops.
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While in Ouagadougou almost one-third of the food originated from the 50 km radius (30% city
region), the number of records reached up to 50% (in the peak season). In Tamale, in the peak season,
even up to 60% of all records came from within the 30% city region, as compared with 40% of the food
quantities. Within a distance of 100 km, the ratio rose to 88% of the records.

This means that within the 30% city region in both cities, about half of the interactions including the
exchange of food, people and money take place. In turn, this means that on average, smaller quantities
per vehicle recorded enter the city from within that area while larger quantities are transported from
further away. This is reflected by the means of transport used for carrying food. In Ouagadougou,
within the 30% city region, small vehicles (such as bicycles, motorbikes and tricycles, not considering
mini buses) constituted 89% of the records, carrying 20% of the weight-based quantity to different
markets in the city (Figure 16). In Tamale, small vehicles accounted for 82% of the vehicles entering
the city, carrying 62% of the overall food into the city. This is due to the large number of motorised
tricycles in Tamale that carried almost half of the food from the 30% city region into the city, which is
more than that carried by trucks and articulators. The share of small vehicles as well as the quantities
they transported decreased by the area that is considered. While small distances can be covered by
small vehicles, only larger-scale transportation (large-scale production or assembling the produce at
a wholesale market) can cover longer distances. However, it means that small-scale producers in the
vicinity of the city have the opportunity to market their produce on urban markets. Thus, distance is
a determining factor of market access which according to OECD (2013, p. 116) [49] is “an economic
concept as much as a physical one”, indicating “how easily goods are transported, services are
delivered and information, capital and labour move between two locations”.
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and all sources in Tamale and Ouagadougou (in terms of weight-based quantity as well as the number
of records; mean of peak and lean values).

Obviously, the boundaries of a city region do not follow concentric radii but include the major
supply areas, and are more extensive along roads. Therefore, a city region can also extend towards one
direction and form a rather oblong shape. We drew the boundary along the major source locations
as indicated by their contribution to urban food supply. The number of records from one source
location further reflects the importance of a location, even of an area for urban food supply. As the
maps (Figures 17 and 18) show, the extents of the city region—whether containing 10%, 30% or 50%
of the supplied food—are not “flat” areas, but the quantitative contribution of food as well as the
number of records vary within the zone. In Tamale, within the 30% city region, peri-urban villages
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with marketplaces contributed the most, while the 50% city region clearly goes beyond what can be
considered peri-urban in the case of Tamale [67]. The villages and small towns located northeast
of Tamale in the 50% city region are part of the north-eastern periodic market system and have
traditionally provided local produce, in particular cereals, to Tamale [68].
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In terms of type of food, the 10%, 30% and 50% city regions show different crop-specific
contributions (Figure 19). Supply of fish did not play a role in either city region, and rice in
Ouagadougou was mainly coming from outside the city region. However, the otherwise large
variety highlights the actual importance of these areas for urban food supply. For Ouagadougou,
the city region provided the majority of vegetables, while in Tamale especially the livestock and
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cereal sectors dominated the city regions. Leafy vegetables stemmed from the 10% and 30% city
region, i.e., from urban and peri-urban agriculture. In Ouagadougou, data on leafy vegetables are
not complete (including only jute mallow and roselle) since urban agricultural production was not
captured. However, other studies confirmed the production of leafy vegetables in the city [33].
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The approach of delineating a boundary of the city region presented here is one possible approach
and even within this one approach, more than one boundary is possible depending on the scale of
a city region. A common understanding, however, will be useful to making meaningful comparisons,
and it is particularly important to use one boundary per city to monitor changes over time.

10. Sensitivity Assessment

In general, the better the transported quantities are distributed over a large number of vehicles,
the less sensitive the data are to human error like missing or miscounting a certain number of vehicles.
The sensitivity analysis showed, for example, that the captured quantities of onion and fresh fish, which
are usually transported in a few large articulated lorries, are most sensitive to errors and missed records.
However, the probability of missing such trucks is much lower than missing some of the many bikes
in Ouagadougou carrying chicken. The commodities most sensitive to the chosen methodology are
onion and fish (Tamale, peak and lean season) and yam and groundnut (Ouagadougou, lean season),
where one or two missed/miscounted vehicles can result in a 10% change of the total transported
volume. Removing, irrespective of the commodities, five of the most common vehicles per survey
and crop, the outcome of the reported total food flow would change for Tamale by about 16% and
for Ouagadougou by about 13%. Although such an omission is unlikely, the numbers indicate the
possible error margin. As a function of food volume and distinct geographical food sources, the city
region boundary would only change if the survey missed any important production area which did
not supply both cities in the observation weeks of lean and peak season. This is theoretically possible
especially at the start and end of a growing season as the onset of rains and eventual harvest dates vary
to some extent and certain areas might be able to supply particular commodities earlier or later than
the mainstream. These sources would not have been captured. Secondly, there can be geographical
changes in foodsheds due to natural hazards, like flooding, when traders look for alternative sources
to maintain their supply as much as possible. Such variations were not covered in this paper, but are
captured in Drechsel et al. (2016) [69].

11. Implications for Planning

11.1. Impacts on the City Region

Our results show that up to 50% of the urban food needs, covering the main food groups, is met
by the proposed city region with an average radius of about 100 km. Thus, this region is significantly
contributing to feeding the urban population. Planning in accordance with the aims of a CRFS approach
would involve preserving or even increasing the share of food sourced from the city region. Relative
to the limited area size, cultivation in and near the city contributes considerably to urban food supply,
particularly in Tamale where 30% of all crops originates from peri-urban and nearby rural areas. Also,
urban production is important for the supply of certain products such as leafy vegetables. Maintaining
urban production and urban-peri-urban linkages in the future can be achieved by incorporating food
production into urban planning, e.g., by designating and allocating land permanently to agriculture.

It is not only urban populations that benefit from the production in city regions, but also urban
as well as rural enterprises along the entire value chain such as wholesalers, transporters, processors,
and input suppliers. Urban demand for high-value products like fruits, vegetables, and dairy
can further contribute to rural poverty alleviation and agricultural development [2]. Our results
indicate that a substantial share of the city region production is covered by smallholders. In Tamale,
small vehicles carry more than 60% of the fresh food weight from the 30% city region into the city.
In Ouagadougou, where urban and part of peri-urban sources were not captured, the share is smaller.
There, 20% of all crops were transported by small vehicles. While rural farmers without access to
urban markets usually market their produce in the next village or small town market that may act
as intermediate stopping off points to the urban market [9], farmers close to urban markets may
have better options for direct marketing with fewer intermediaries. Thus, physical proximity to
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the urban market provides market opportunities to small-scale farmers in the city region that their
remote rural counterparts do not have. Therefore, strengthening CRFS potentially supports local
small-scale producers. As a result of growing urban demand for food, a city region is likely to expand
geographically and involve more remote farmers in the future. Thus, adopting a CRFS approach allows
linkage to general economic urban and regional development which could be part of communication
strategies with local authorities.

Proximity of places of both crop production and food consumption also offers options for resource
recovery and reuse. Poor soils and high cost of inorganic fertiliser are major obstacles for farmers in
Tamale and Ouagadougou [33], as generally in the Savannah Region. At the same time, urban food
demand is increasing and so is the organic waste generated in the cities. Poor sanitation systems in cities
of developing countries result in widespread environmental pollution and health risks. In particular,
agricultural land close to the city can benefit from nutrients that accumulate in the form of wastewater
and faecal sludge in the urban centre. Recovering human waste for instance via co-composting for
reuse in crop production can make urban waste management viable and provide valuable nutrients
to farmers. While transferring accumulated nutrients from food imports back to distant sources is
challenging, their reuse in the city region, particularly in nearby urban and peri-urban agriculture,
is more feasible [70].

A CRFS approach, strengthening urban, peri-urban, and rural linkages, can hence have positive
place-based impacts regarding the sustainable management of waste, urban food supply and
economic development.

11.2. Balanced Foodsheds

Tackling urban food supply, however, requires a holistic perspective beyond the city region.
Even though its contribution is substantial, cities are integrated into a national, continental and global
market and can benefit from trade, linking surplus with deficit areas.

Foodsheds revealed that certain crops were solely provided by outside the city region and that
some products were only available seasonally. Examples of so-called one-dimensional foodsheds
include the supply of tomato from Burkina Faso to Tamale during the lean season or the reliance of
Ouagadougou on imported rice. Both are important ingredients of local diets and cannot be easily
substituted by domestic production that has declined as a result of imports. Tariff regulations, road
damages, or the closure of borders will seriously affect the supply of these crops, in particular on
perishable produce such as tomato. The supply of imported rice may be affected by volatile world
market prices or transport issues. For example, the political crisis in Côte d’Ivoire, referred to as the
historically main transit route by Bourdet (2004) [32], made Burkina Faso to change transport routes
which resulted in higher freight and other transaction costs. On the other hand, imported goods, rice in
particular, are transported by both road and railway. Different means of transport may also help to
reduce vulnerabilities in case one fails.

Nonetheless, relying solely on local production may also be risky. The 2007 drought and
subsequent flooding seriously hit the three northern regions in Ghana. As a consequence, 50% of staple
crops were destroyed and the population was affected by food shortages and rising food prices [71].
Reliance upon one source can make the city more vulnerable to disturbances that can be internal or
external, cyclical or structural, sudden or gradual [72]. Diversification of food sources, thus creating
multiple value chains, can hence be an important means to encounter place-based disturbances such
as climate-related risks, border closures, or infrastructural damages.

Therefore, in addition to strong city region food systems, balanced multi-dimensional foodsheds
are an important determinant for secured urban food supply. Just as Forster and Escudero (2014,
p. 6) [13] promote a more integrated and multi-level approach instead of a polarised dialogue between
the “ideology of the local” and the “ideology of the global”. According to them, the focus of CRFS is
more on local decision-making as to “when to rely on different sources of food as conditions change”
and how food system objectives cohere with other regional priorities. Drechsel et al. (submitted) [70]
point to the challenges of integrating scientific results and new concepts into urban planning. They
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relate to the lack of public authority in charge of urban food supply as well as to differing local
priorities and policy objectives. These local conditions need to be taken into consideration and
strategies communicated accordingly when planning towards enhanced city region food systems or
balanced foodsheds.

12. Conclusions

Locality in urban food provisioning has gained increasing attention in the past years. Advocates
of “local food” systems stress aspects of community development, reduced food miles and nutrition
that go along with local production whereas others believe in diversified source locations of food
supporting more resilient urban food systems. While there is much debate on the relevance of locality
of food sources for urban food supply, there is hardly any empirical evidence regarding the actual
geographical areas that provide cities with food.

The surveys conducted in Tamale and Ouagadougou generated a unique set of quantitative data
of food flows linking the cities with nearby and distant source locations. Crop- and season-specific
foodsheds revealed the level of spatial and temporal diversity, ranging from one-dimensional to
multi-dimensional foodsheds. The data were also used to suggest extents of city regions, including
those areas around the cities that contribute substantially to urban food supply. The results indicated
that within the defined city region a relatively large proportion of smallholders contributed to urban
food supply, taking advantage of the proximity to urban markets. Localised food systems potentially
support smallholders, and also offer other place-base benefits, e.g., options for the reuse of organic
waste generated in the city.

Increasing globalisation, contributing to a year-round availability of food and the supply of
imported and processed food, will likely change and expand current foodsheds, and the relation of
a city to its city region, and its function within it, may change as it develops. Complementing local
food supply sources with other national and continental sources may enhance systemic resilience,
given that place-based risk factors, e.g., climate risks such as floods, could affect the entire production.
Sole reliance on international sources, however, is also risk-prone. For example, cross-border trade
among the ECOWAS countries seems still far from ensuring a smooth and reliable supply in the short
term, although economic integration may be desirable and support food security in the region in the
long run.

There is no universal level of self-sufficiency, e.g., at the city region scale, or a right level of
reliance upon distant food sources, but this is open to debate, is locally very specific and needs to be
in line with other sometimes conflicting priorities at the city level. Understanding urban food needs
and current foodsheds can help to develop strategies for a better management of urban food supply
towards increasing local production, or diversifying food sources.

Acknowledgments: This study was carried out as part of the project UrbanFoodPlus, co-funded by the German
Federal Ministry of Education and Research (BMBF) and the Federal Ministry of Economic Collaboration and
Development (BMZ), under the initiative GlobE—Research for the Global Food Supply, grant number 031A242-A
and 031A242-D with support from the CGIAR research program on Water, Land and Ecosystems. We thank
the Northern Regional Command of the Ghana Police Service (Tamale, Ghana), the Customs Division of the
Ghana Revenue Authority (Tamale, Ghana), and the Direction Général du Trésor et de la Comptabilité Publique
in Ouagadougou for the permission to work at the check points and for their kind collaboration. Furthermore,
we thank Désiré Jean-Pascal Lompo and Zacharia Gnankambary from INERA, as well as Boubacar Barry and
Bazoin Igor Bado from WASCAL for their valuable logistical support. We also thank the institutions that kindly
provided secondary data and Koffi Alexis for data acquisition in Côte d’Ivoire. We are grateful to the numerous
helpful partners and enumerators in the field.

Author Contributions: Hanna Karg conceived and designed the research, collected and analysed the data,
and wrote the manuscript. Pay Drechsel contributed significantly to the research design, data analysis and
manuscript writing. Edmund K. Akoto-Danso co-designed the research, collected the data, and contributed to
writing the manuscript. Rüdiger Glaser gave conceptual advice and contributed to writing of the manuscript.
George Nyarko provided technical and logistical support in the field, and contributed to writing the manuscript.
Andreas Buerkert conceived parts of the research and contributed to writing the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2016, 8, 1175 25 of 32

Appendix A

Table A1. Most common food items based on FAO food groups.

Ouagadougou Tamale

Peak Lean Peak Lean

Cereals
Rice Rice Maize Maize
Maize Maize Rice Rice

Millet Millet Millet

Fish Fish Fish Fish Fish

Livestock

Chicken Chicken Goat Goat
Goat Goat Cattle Cattle
Cattle Cattle Sheep Sheep
Sheep Sheep

Fruits
Banana Mango Watermelon Mango
Watermelon Dawadawa (Néré) Orange Banana Banana

Vegetables
Cabbage Cabbage Onion Onion
Tomato Tomato Pepper (hot) Avocado
Onion Onion Tomato Tomato

Leaf vegetables Roselle Lettuce
Jute Jute

Legumes Groundnut Bean Groundnut Bean Groundnut Bean Groundnut Bean
Sweet potato Potato Cassava Cassava

Roots and tubers
Yam Yam Plantain Plantain

Yam Yam

Table A2. Food groups in terms of household expenditure.

Household Expenditure on Little to Non-Processed Food (in %) *

Burkina Faso Ghana

Other cereals, flour and other products 28.11 6.25
Rice 20.49 11.21

Vegetables including legumes 18.07 15.02
Fish 11.00 23.64

Beef and veal 5.44 1.89
Frozen, preserved or processed vegetables 5.38 0.53

Lamb, mutton and goat 4.33 8.29
Fresh fruit 1.87 9.48

Roots and tubers 1.73 14.43
Frozen, preserved or processed fruit 0.83 3.08

Poultry 0.75 3.04
Other meats and meat preparations 0.68 0.52

Eggs and egg-based products 0.56 2.02
Fresh milk 0.40 0.11

Pork 0.36 0.48

* Top five food groups in bold.
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