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Between Replacement and Intensification: Spatiotemporal

Dynamics of Different Land Use Types of Urban and Peri-Urban

Agriculture under Rapid Urban Growth in Nakuru, Kenya

Maximilian Willkomm, Alexander Follmann, and Peter Dannenberg
University of Cologne

Urban and peri-urban agriculture (UPA) contributes to urban food security and provides important livelihood opportuni-
ties. Due to rapid urbanization, though, UPA is subject to increasing land use pressure. Existing studies indicate gradual
replacement of UPA in favor of other land uses. This study controverts this unidirectional narrative to show that UPA
simultaneously persists and intensifies. Using remote sensing and qualitative data in the case of the rapidly growing,
medium-sized Kenyan city Nakuru, we analyze spatiotemporal dynamics of four agricultural land use types (large-scale
open-field production, smallholder production, intensive small-scale open-field production, and large-scale greenhouse
production) to better understand different sociospatial trajectories. The findings show the coexistence of complex patterns
of replacement, fragmentation, and intensification. We thus examine the extent to which detected dynamics can be
explained by the socioeconomic characteristics of the four UPA land use types. Whereas large-scale production is increas-
ingly fragmented and replaced by both small-scale agricultural production as well as residentially or industrially built-up
areas, more intensive land use types focusing on high-value cash crops proliferate and intensify production in the research
area. The study clarifies the dynamics of ongoing UPA transformations and is relevant for urban planning policies in rap-
idly changing urban and peri-urban environments. Key Words: agricultural types, East Africa, land use dynamics,
RapidEye, urban and peri-urban agriculture.

For a large number of East Africans, urban and
peri-urban agriculture (UPA) is of high rele-

vance as it fulfills crucial multisided functions partic-
ularly for food security, income, and employment
(Zezza and Tasciotti 2010; Orsini et al. 2013). In
Kenya, for example, more than 3.5 million people
are directly engaged in UPA (Traor�e 2012). As
urban and peri-urban areas are highly dynamic and
shaped by competition over space, however, UPA is
subject to high land use pressure (Cohen 2006).
Rapid urban growth strengthens this pressure, as it
is driven by strong natural population increases and
rural-to-urban migration.

Against this background of increasingly competi-
tive peri-urban land markets, existing literature
(Satterthwaite, McGranahan, and Tacoli 2010;
Cobbinah, Gaisie, and Owusu-Amponsah 2015) sug-
gests that UPA is being replaced by nonfarming
land uses that capture higher land rents. In contrast
with these results, Pribadi and Pauleit (2015) indi-
cated that UPA can also persist in and around fast-
growing urban areas (see also Drechsel and Dongus
2010). Increasing and changing consumer demand
offers vital commercialization opportunities for farm
managers (Moustier and Renting 2015). In particu-
lar, the demand for high-value, perishable goods
produced near urban areas is rising (Gockowski
et al. 2003). Therefore, the dynamics of UPA and
different types of land use, and in particular the
question of whether agriculture is replaced or not, at

least partly depend on the specificity of local agricul-
tural practices and markets.

The extent to which and how different agricul-
tural land use types transform in and around cities is
only poorly understood, however (Thebo, Drechsel,
and Lambin 2014). Lerner and Eakin (2011) empha-
sized that the location and the way UPA changes are
key to understanding the social and economic impli-
cations of urbanization patterns. Knowledge of such
processes not only advances scientific understanding
of structural transformations in peri-urban areas, but
it also informs policymakers seeking to both support
and regulate different types of UPA. In this context,
there have been strikingly few empirical studies of
various temporal dynamics of UPA (Zezza and
Tasciotti 2010; Pribadi and Pauleit 2015). This is
particularly the case for small and medium-sized cit-
ies, which are currently the fastest growing cities in
Africa (Cohen 2006).

In this study, we address these issues through an
analysis of spatiotemporal dynamics and develop-
ment pathways for different types of agricultural
land use in urban and peri-urban areas. Our
cases center on the fast-growing, medium-sized
town of Nakuru, Kenya, and address the following
research questions:

1. What major types of agricultural land
use exist in urban and peri-urban areas
of Nakuru?
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2. How have these agricultural types changed
between 2010 and 2019 under rapid
urban growth?

3. What are the proximate and underlying
drivers of spatiotemporal changes affecting
each type of agricultural land use?

To answer these questions, we first outline the cur-
rent state of literature on the dynamics of UPA
under rapid urban growth. Second, we introduce the
case study of Nakuru, including the research meth-
odologies we deployed. Based on multitemporal
RapidEye satellite imagery and field mapping, we
identify four main types of agricultural land use.
Based on images from the years 2010 and 2019, we
analyze how and where each respective type
changed. By using a multitemporal, quantitative
approach, our methodology advances beyond exist-
ing research that has largely focused on static char-
acteristics in specific temporal moments, or else the
general dynamics of UPA (e.g., Satterthwaite,
McGranahan, and Tacoli 2010; Schlesinger 2013).
Based on qualitative interviews with farmers and
local experts, we conclude by discussing the extent
to which these dynamics can be explained by differ-
ent socioeconomic drivers.

UPA under Rapid Urbanization: Pressures

and Opportunities

As cities grow into their surroundings, predominantly
agricultural areas are transformed in multiple ways
(Simon, McGregor, and Nsiah-Gyabaah 2004). To
varying degrees, these transformations result in both
new pressures and new opportunities for farming.

The proliferation of built-up areas results in
pressure on agricultural land uses (Asiama 2006).
According to Aragrande and Argenti (2001), UPA
competes with increasing demand for residential,
industrial, and infrastructural land. As UPA often
generates relatively low profits compared to other
urban uses (Kuusaana and Eledi 2015), land owners
abandon farming by selling their land or by shifting
it to other uses (Cobbinah, Gaisie, and Owusu-
Amponsah 2015). In addition, new cultural preferences
induced by urban growth, especially concerning youn-
ger generations, accelerate the abandonment of farm-
ing (Lerner and Eakin 2011). These processes can lead
to the replacement and fragmentation of agriculture
(Abo-El-Wafa, Yeshitela, and Pauleit 2017).

On the other hand, strong cultural preferences
for engagement in agriculture, as well as relatively
easy access to UPA as a comparatively informal
activity, encourage many urban and peri-urban
dwellers to continue farming or else to undertake
new farming activities (Lerner and Eakin 2011).
Moreover, urban growth presents new opportuni-
ties, as growing populations lead to larger demand

for food (Tacoli and Agergaard 2017). As long-dis-
tance transport logistics in Kenya are still limited,
fresh and perishable agricultural products (e.g., veg-
etables, meat, dairy products) often need to be pro-
duced near sites of consumption (Gockowski et al.
2003). Changing urban lifestyles, furthermore, have
also led to increasing demand for fresh products
(Schmidt, Magigi, and Godfrey 2015; Tacoli and
Agergaard 2017). These dynamics create new mar-
ket opportunities. Recent studies suggest the emer-
gence of professional UPA enterprises applying
intensive forms of cultivation, including greenhouses
and irrigation systems (Moustier and Renting 2015).
In addition to traditional distribution channels (e.g.,
to neighbors, local shops, and wet markets), UPA
farmers have increasing access to new marketing
channels. These include supermarket procurement
systems (Andersson et al. 2015), and global export
markets to which smallholders in Kenya, for exam-
ple, also have access (Dannenberg and Nduru 2013).
Therefore, UPA not only persists, but farmers also
develop vital commercialization strategies for their
businesses (Krishnan 2018).

The dynamics just described indicate that future
trajectories of urban or peri-urban farms depend at
least partly on different UPA land use types.
Different approaches in the existing literature clas-
sify UPA into different types. Robineau and Dugu�e
(2018) distinguished between typologies based on
spatial characteristics and those based on socioeco-
nomic characteristics. Spatial characteristics of UPA
distinguish location and type of spaces within urban
and peri-urban areas (Mougeot 2000; Asomani-
Boateng 2002). Socioeconomic characteristics con-
sider dimensions including the farming system
(Bellwood-Howard et al. 2015), the actors involved
(Moustier and Danso 2006), UPA’s integration in
household strategies, and degrees of commercializa-
tion (Maxwell 1994; Moustier and Danso 2006).
Whereas most studies of UPA focus on capital-poor
smallholders (e.g., Foeken and Owuor 2008), other
more capital-intensive types of UPA (both large-
and small-scale) are gaining in importance (Orsini
et al. 2013; Robineau and Dugu�e 2018). The latter
are often managed by professional firms that achieve
high profits and create jobs for urban dwellers, while
intensifying other resource uses (Moustier and
Danso 2006).

Existing typologies, however, often lack empirical
evidence to adequately characterize spatiotemporal
dynamics of multiple UPA types, as most studies
typically focus on one specific type of UPA.
Nevertheless, following Robineau and Dugu�e
(2018), we argue that a typological analysis that dif-
ferentiates forms of UPA along different axes (e.g.,
proximity to the city center, holding sizes, degrees
of intensification, spatiotemporal trajectories of
farmers) can contribute to a more nuanced under-
standing of conditions under which UPA is either
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replaced or else persists. Differentiated quantitative
studies of UPA that analyze spatiotemporal dynam-
ics in terms of replacement and persistence are so
far lacking. In this context, remote sensing analysis
has a great potential to generate data from which it
is possible (1) to develop UPA typologies based on
spatial characteristics, and (2) to verify their spatio-
temporal dynamics. Furthermore, triangulating
remote sensing data with qualitative and quantitative
field work data enables us to link spatial and socio-
economic typologies. Thus, in this study we connect
existing typological approaches and multitemporal

analyses to study spatiotemporal dynamics of UPA
across a range of small- and large-scale farming.

Data and Methods

Study Area
Kenya is experiencing rapid urban growth. In 2019,
about one third (31.2 percent; 14.8 million) of
Kenya’s population lived in cities (Kenya National
Bureau of Statistics 2019), which are expected to

Figure 1 Nakuru and its peri-urban areas, including the study area: Intensive small-scale open-field production (Type 3)
and large-scale greenhouse production (Type 4); and the focus area: Large-scale open field production (Type 1) and
smallholder production (Type 2).
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house an additional 38 million urban residents by
2050 (UN-Habitat 2014). In this context, we focus
on Nakuru, a medium-sized city located in central
Kenya (Figure 1).1 In 2019, about 370,000 inhabi-
tants lived in this urban agglomeration
(Macrotrends 2019). The city center is situated
between two protected areas, the Nakuru National
Park to the south and the Menengai Crater to the
north (see Figure 1). Historically, Nakuru was part
of the former White (European colonial) Highlands
that were marked by highly politicized land redis-
tributions after independence, and led to a legacy of
violent conflicts over land tenure in the region
(Kanyinga 2009, Boone 2012).

We selected this city for two characteristics that
are exemplary of many East African cities, but are
particularly apparent in Nakuru. First, Nakuru is a
prominent example of rapid urbanization in eastern
Africa. Willkomm, Follmann, and Dannenberg
(2019) detected an increase in sealed surfaces
(mainly built-up) of 80 percent between 2010 and
2017, making Nakuru one of the fastest growing cit-
ies in sub-Saharan Africa (Orsini et al. 2013).
Second, Nakuru is marked by the high importance
of UPA, which is not only oriented toward subsis-
tence production, but also production for expanding
urban markets (Foeken and Owuor 2008). UPA is
supported by favorable environmental conditions that
allow for multiple harvests per year. Beyond these
two main factors, Nakuru also features good infra-
structural connections to Kenya’s primary city and
international transport hub, Nairobi, which connects

the region to international markets. Both land use
pressure and favorable conditions for agriculture
make Nakuru a suitable case study for an analysis of
UPA dynamics under rapid urban growth.

Method
This study is based on a mixed-method approach
combining the analysis of land use data from satellite
imagery and field mapping, as well as qualitative
interviews with local stakeholders and experts.

As shown by Brown and McCarty (2017), satellite
images afford opportunities to capture quantitative
land use data on UPA, both across large spatial areas
and across different time periods. In this study, we
used RapidEye data with an orthorectified pixel size
of 5m (for details see Planet 2020) to generate land
use information on UPA in Nakuru. In doing so, we
relied on cloud-free images from the dry season (28
January 2010 and 27 January 2019). From these
data, we identified four agricultural land use types
(Figure 2): large-scale open-field production (Type
1), smallholder production (Type 2), intensive
small-scale open-field production (Type 3), and
large-scale greenhouse production (Type 4). We
allocated all spatially clustered greenhouses, which
are easy to detect, to Type 4. All other agricultural
patches were divided into two categories according
to their sizes. All patches larger than 2 ha were
assigned to Type 1.2 Those patches smaller than
2 ha were assigned to Type 2 or Type 3 based on
the spatial arrangement of neighboring patches.

Figure 2 Decision tree for the demarcation of the four agricultural land use types that shape the urban and peri-urban
areas of Nakuru.
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Interlaced patches with varying sizes belong to Type
2, and patterns of checkerboard patches with access
tracks in between for large machinery are part of
Type 3 (see Figure 2).

In addition, we conducted systematic field map-
ping for a representative number of each type of
UPA in March 2016 and February 2019 to get a bet-
ter understanding of farming strategies. In combina-
tion with the remotely sensed data, we identified the
following characteristics to describe the four types
in more detail: type of agricultural products, irriga-
tion, cultivation method, and distance to Nakuru
town center.3 Furthermore, we used field mapping
data to validate our typology.4

Based on our typology, we analyzed spatiotempo-
ral changes by comparing the distribution of identi-
fied agricultural land use types between 2010 and
2019. For Type 3 and 4, we used the whole study
area (defined by the availability of RapidEye data)
shown in Figure 1. Farm managers of these types
confirmed that even farms located at further distan-
ces from the town center remain strongly connected
to urban Nakuru (e.g., through the interchange of
resources and labor). For Type 1 and 2, visual map-
ping was labor-intensive and expensive (see Cihlar
and Jansen 2001) due to the higher number of Type
1 and Type 2 farms and their more complex spatial
structures. Therefore, we chose a focus area (Figure
1), formed by a 20 km buffer west of Nakuru’s city
center (see Brinkmann et al. 2012 for a similar
range) as this area represents a wide range of differ-
ent agricultural distribution patterns and includes
different degrees of built-up density. The focus area
was also used to conduct an analysis of patch sizes
and their temporal changes, especially to illustrate
land fragmentation dynamics.

To develop clearer understanding of causal rela-
tions, we connected outcomes of our spatiotemporal
analysis of the UPA types with the findings from
our qualitative interviews. We conducted a total of
thirty-nine semistructured interviews in March 2016
and February 2019. These included twenty-eight
interviews with farm managers drawn from all farm
types situated at different distances to the town cen-
ter. In addition, we conducted semistructured inter-
views with eleven experts from local public
authorities, including the Ministry of Agriculture,
the Ministry of Lands and Physical Planning, and
Egerton University. To validate our land use analy-
ses, these experts were first asked about ongoing
transformations to UPA, including reasons for those
changes. To discuss the types and transformational
processes that we had previously identified, we pre-
sented and discussed preliminary results (e.g., figures
and maps) of our remote sensing analysis with these
experts. These experts’ wealth of on-the-ground
experience enabled us to increase our understanding
of proximate and underlying drivers of spatiotempo-
ral changes. In the interviews with farm managers,

we sought further perspectives on causal relations
through questions about operational farm character-
istics, recent challenges and opportunities, and their
future expectations.

Results and Discussion

In this section, we first provide a description of the
agricultural land use types and then outline their
spatiotemporal dynamics. Based on these results, we
then discuss drivers of UPA dynamics in Nakuru.

UPA Land Use Types in Nakuru
We distinguish four main types of agricultural land
use in urban and peri-urban Nakuru (see Figure 3).
Type 1, large-scale open-field production, is marked by
crop cultivation and pastoral farming on relatively
large fields from 2ha up to 300 ha. The analysis of
satellite imagery for 2019 revealed that Type 1 cov-
ered 39.2 percent of the focus area. Crop cultivation
usually includes the production of staple crops like
maize, wheat, and barley using capital-intensive
machinery. Livestock breeding (mainly cattle) also
takes place on large fields in the form of open-field
grazing. Type 1 farms are managed professionally,
usually either by private domestic investors or by
local institutions.5 They typically produce on a con-
tractual basis for national industries (e.g., industrial
mills or dairy processing companies) that are often
located in Nakuru.

In contrast to the larger fields, Type 2, small-
holder production, is typically located closer to built-
up areas, and sometimes even in densely populated
urban wards. Smallholder production is marked by
open land cultivation and usually consists of an
aggregation of partly interlaced patches ranging in
sizes from 0.05 ha to 2 ha, which in 2019 overall
comprised 25.8 percent of the focus area. The main
products are staple crops, in particular maize and
perishable vegetables (e.g., kale, cabbage, spinach,
etc.). Some smallholders also use small greenhouses
or keep zero-grazing livestock. Depending on the
season, intercropping and dynamic crop rotation are
common. Different experts from the Ministry of
Agriculture in Nakuru emphasized that a large share
of smallholder production is managed by urban fam-
ilies or urban individuals from different socioeco-
nomic strata. Poorer households are typically
engaged in on-site farming as a livelihood strategy
(see also Foeken and Owuor 2008). Those families
with greater capital expand production to perishable
goods for local and regional markets by coordinating
multisited off-plot farms.

Type 3, intensive small-scale open-field production,
represents a capital-intensive approach to high-value
horticultural crop production, especially vegetables
and herbs. Clusters of smaller fields (< 2 ha) form
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joined checkerboard patterns to efficiently use
advanced machinery (e.g., fertilizer spreaders). From
the satellite imagery, irrigation can clearly be
detected as crops form dense, deep green plots, and
large irrigation basins are installed next to the fields.
In some cases, plastic tunnels, mulch films, or green-
houses can also be detected. Type 3 farm owners
range from urban-based professionals to interna-
tional investors. We identified twelve clustered
Type 3 farms covering a total area of 264.62 ha in
2019. Although this area comprised less than 0.29
percent of the study area, these farms are highly

productive per unit of land and generate high shares
of value-added produce in the agricultural sector, as
reported by several extension officers.

The same also applies to Type 4, large-scale
greenhouse production, where eighteen clusters cov-
ered an area of 402.08 ha (0.45 percent) in 2019.
Similar to Type 3, Type 4 is a very intensive form
of production. Both types primarily differ in the
form of cultivation, as Type 4 exclusively consists of
permanent, spatially clustered large-scale green-
houses, some of which are up to 50 ha in size. Type
4 farms are mainly located in peri-urban areas. One

Figure 3 Classified agricultural land use types in Nakuru (based on RapidEye satellite imagery and field mapping).
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greenhouse complex is located in a densely popu-
lated urban ward close to the urban center on a for-
mer industrial zone. Cut flowers are the main
products. Newer greenhouse projects, additionally,
cultivate high-value horticulture products like per-
ishable vegetables and herbs. Type 4 farms are
owned by strongly capitalized, professional, often
multinational companies that mainly produce for
export, supermarkets, and regional markets.

Agricultural Land Use Dynamics in Nakuru’s
Urban and Peri-Urban Areas
In this section, we first outline the spatiotemporal
dynamics of patch size distributions and changes
between 2010 and 2019. We then summarize
changes across the four identified UPA land
use types.6

Based on the focus area, in Figure 4 the size dis-
tribution of agricultural patches for 2010 and 2019
and relative changes as a function of their patch size
are illustrated.7 Whereas the number of smaller
patches strongly increased, the number of patches

larger than 1.06 ha decreased. The smallest patches
show especially high rates of expansion, as the num-
ber of agricultural patches smaller than 0.6 ha almost
doubled. Patches ranging in size between 2.70 ha
and 4.18 ha presented the highest rates of decrease
(–49.0 percent). The mean patch size decreased
from 1.83 ha in 2010 to 1.02 ha in 2019. Thus,
urban and peri-urban areas around Nakuru are sub-
ject to increasing land fragmentation that, according
to our analysis, especially occurs in areas with higher
densities of residential and industrial build-up (see
also Figure 5B8). Although urban and peri-urban
land fragmentation has been addressed (e.g.,
Padgham, Jabbour, and Dietrich 2015), patch size
dynamics in East Africa have not been analyzed in
any detail. Thus, patch size differentiation shown in
Figure 4 already shows that UPA transformations
differ based on their spatial characteristics. The fol-
lowing sections take a closer look at these differ-
ences among UPA types.

Spatiotemporal changes for all four agricultural
land use types are presented in Figure 5. Increasing
fragmentation of agricultural land (illustrated

Figure 4 Agricultural patch size distribution in absolute numbers (top) and relative changes (bottom) between 2010 and
2019, as analyzed in the focus area.
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Figure 5 Spatiotemporal dynamics of the four agricultural land use types between 2010 and 2019: (A) Changes in
Types 3 and 4 in the study area; (B) Changes in Types 1 and 2 in the focus area.
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earlier) indicates a shift from large-scale open field
production to smallholder production. Indeed, as
shown in Figure 6, the total area of Type 1 pro-
duction decreased by approximately one third
between 2010 and 2019. In total, 6296.34 ha of
land shifted from large-scale open-field production
to another type of land use by 2019, whereas only
806.91 ha were newly classified as Type 1. In con-
trast to this total reduction, the total area of land
devoted to smallholder production increased from
5,958 ha in 2010 to 6,751 ha in 2019. The forma-
tion of new Type 2 agricultural areas is consistent
with increasing land fragmentation described
earlier, as 87.9 percent (3261.71 ha) of new small-
holder production areas were classified as large-
scale open-field production in 2010. At the same
time, 49 percent of 2010 smallholder production
areas disappeared by 2019 and were replaced with
other land uses. As also reported by Willkomm,
Follmann, and Dannenberg (2019), former small-
holder areas in particular were replaced by new
residential and industrial build-up (see also
Figure 5B).

As illustrated in Figure 5A and Figure 7, Type 3
and Type 4 expanded in area. The total area
of intensive small-scale open-field production
increased by about one third (2010, 199.5 ha; 2019,
264.6 ha), and the area of large-scale greenhouse
production almost tripled (2010, 134.9 ha; 2019,
402.1 ha). The growing importance of these partic-
ular types indicates increasing intensification of
UPA in Nakuru, which is a dynamic that has not
been reported in the literature. In some cases, we
observed that Type 3 appears as an intermediate
stage in the process of intensification, as about 10
percent of these areas were transformed into large-
scale greenhouse production (Type 4), whereas
others were newly developed.

Land Use Dynamics as Processes of
Replacement, Fragmentation, and Intensification
Our analysis shows that the four identified types of
agricultural land use are affected in different degrees
and ways by three main processes: replacement,
fragmentation, and intensification. In Figure 8, these
processes and their dominating connections to the
agricultural land use types are highlighted. In this
section, we describe in detail how far the processes
affect the agricultural types, and discuss the drivers
identified based on our qualitative interviews.

As expected, the replacement of agricultural
areas particularly applies to the type of smallholder
production located close to urban settlements
(Figure 5B). As smallholder production implies rela-
tively low added value compared to other land uses,
such as residential and industrial use (Drechsel
and Dongus 2010), it is mainly replaced by built-up
land (cf. Cobbinah, Gaisie, and Owusu-Amponsah
2015). As shown by Willkomm, Follmann, and
Dannenberg (2019), the increase in Nakuru’s popu-
lation has led to a massive expansion of built-up
areas. Although detailed official statistics are not
available, our interviews with farmers, planners, and
local experts reported highly competitive land mar-
kets and increasing land use pressure. For example,
an officer from the Ministry of Agriculture stated:
“Urban growth is a threat for poor farmers. Some
people sell their land and move to the rural areas for
farming … . Others find other jobs in town”
(Interview, Nakuru, March 2016). In the case of
farmers with greater capital, by contrast, we
observed that smallholder production closer to
urban settlements is also practiced as an interim
usage before further residential and industrial devel-
opment takes place. This strategy helps to secure
land and can also be found in other East African

Figure 6 Absolute changes in area of the identified agri-
cultural land use Types 1 and 2 (derived from the
focus area).

Figure 7 Absolute changes in area of the identified agri-
cultural land use Types 3 and 4 (derived from the
study area).
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cities (e.g., Owens 2016). Our interviews, as well as
recent literature (Holden and Otsuka 2014;
Schlesinger, Munishi, and Drescher 2015;
Kleemann et al. 2017), however, indicate that the
allocation of land is often more complex, as it
depends on land tenure regimes, sociocultural
norms, and local policy regulations. In this context,
the particular history of Nakuru also needs to be
considered as part of the former White Highlands
with its large farms owned by European settlers fol-
lowed by subsequent, conflict-ridden processes of
postcolonial land redistribution (Kanyinga 2009;
Boone 2012). Those large farms around Nakuru
reveal the spatial legacy of the colonial past.
Smallholders explained that their lands had been
part of large white settler farms before they were
bought by them (or their ancestors), and then
divided among cooperative and family members
between the 1960s and 1980s. Today, the fragmen-
tation of land ownership can be partly attributed to
the division of inherited family estates as well as
land speculation (Interview, Ministry of Lands,
Housing and Physical Planning, Nakuru, February

2019), but these processes were not the focus of this
study. Further studies might be useful at this point.

The second process detected is the fragmentation
of agricultural land, which implies a reduction in
agricultural patch sizes and, thus, a particular shift
from large-scale open-field production to small-
holder production. We identified two different
causes for such fragmentation: (1) land subdivision
in the course of urbanization, and (2) the subdivision
of large-scale open fields (Type 1) into smaller
patches (< 2 ha) for the cultivation of high-value
cash crops.

Most important, land fragmentation is a conse-
quence of ongoing urbanization and transformation
into built-up areas (see Hidding and Teunissen
2002). Our analysis of satellite imagery revealed that
land subdivision particularly occurs close to expand-
ing settlements. In these sites, not only do small-
holders leave or convert their land (see earlier), but
owners of large-scale open-field production sites
also subdivide parts of their land to sell as smaller
parcels. A statement from the manager of a large-
scale farm was typical: “Last year, … we sold 5

Figure 8 Typical distributions of the four agricultural land use types and their dominating processes of replacement,
fragmentation, and intensification.
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acres of land to a developer. This one is now selling
single plots for residential [use]” (Interview, farm
manager conducting large-scale open-field produc-
tion, Njoro, February 2019).As a result, smallholder
production is established on these smaller plots,
either before residential or industrial development
begins, or in the form of kitchen gardens. This kind
of land fragmentation is typical of urbanization and
has been identified globally (Keys, Wentz, and
Redman 2007; Li et al. 2017).

Additionally, in the case of large-scale open field
production (Type 1), the fragmentation of larger
patches is also a result of a shift to high-value cash
crops typically cultivated on smaller patches.
Managers of larger farms in peri-urban areas recog-
nize promising markets especially for fresh horticul-
tural products, as indicated by one farm manager who
used irrigation: “Particularly in the dry season, …

you can make good money with cabbage” (Interview,
farm manager conducting large-scale open-field pro-
duction, Bahati, February 2019). The cultivation of
these products is usually more capital, labor, and land
intensive, as they are produced on patches smaller
than those used for staple crops like wheat. Whereas
Li et al. (2017) suggested that “fragmentation has
long been considered to be a barrier for cultivation”
(222), the fragmentation of large-scale farming land
can also imply a form of agricultural intensification
linked to shifting crop markets. In the case of small-
holder production, however, the cultivation of high-
value crops might be a strategy to avoid displacement
and fragmentation. Yet, only those farmers with access
to some capital are able to invest in, and profit from,
high-value crops.

Unlike studies by Kuusaana and Eledi (2015) and
Cobbinah, Gaisie, and Owusu-Amponsah (2015),
which identified replacement and fragmentation of
UPA as the predominant trends, our findings indi-
cate persistence and intensification of UPA under
certain conditions. In particular, our results show a
strong expansion of intensive forms of UPA (Types
3 and 4), the transformation of large areas of Type 3
into Type 4 production (where the latter is the most
intensive type), and several cases of intensifying
smallholder production. Our field visits to Type 3
and Type 4 farms have shown that they are typically
owned by larger companies, and mainly produced
for highly commercialized value chains, including
regional markets, supermarkets, and export. Farmers
reported that they benefit from growing demand for
horticultural products, as explained by a large-scale
greenhouse farm manager: “Compared to the
smaller farmers around, we are able to produce
larger amounts in a reliable way all year round. And
the demand is high. … Most of our produce is
for export, but since a few years we also sell to
supermarket companies” (Interview, farm manager
conducting large-scale greenhouse production,
Solai, February 2019). According to Satterthwaite,

McGranahan, and Tacoli (2010), this is due to a
growing urban population and changing consump-
tion patterns, especially increased demand for high-
quality food from a growing urban middle class. Our
analysis of spatial dynamics for UPA Types 3 and 4
reveals that expansion particularly takes place in the
outer fringes of peri-urban areas (15–25 km from the
town center; Figure 5), where land use pressure is
lower than in areas with higher building density.
Nevertheless, these farmers emphasize that they
benefit from the proximity to Nakuru by marketing
their products and by obtaining inputs and labor
from the city.

In addition to the intensification of the market-
oriented UPA types, a number of smallholder farm-
ers (especially those with greater capital) have also
intensified their production, sometimes resulting in
a shift from Type 2 to Type 3. As described by
Lerner and Eakin (2011) and Pribadi and Pauleit
(2015), this kind of intensification is connected to
rising market potential, among other factors. In this
context, future research could address questions of
how smallholders build up capital to serve this mar-
ket potential.

More detailed understanding of processes of
replacement, fragmentation, and intensification can
inform policymakers seeking to identify and promote
specific types of UPA (e.g., in the form of support for
intensified small-scale production), as well as to regu-
late UPA in certain locations. Our analysis shows
that different types of UPA follow different develop-
ment trajectories under certain circumstances. These
findings can serve planners as they decide how to fos-
ter and better govern different forms of UPA in the
future. This is particularly important as UPA contin-
ues to serve important food supply functions, despite
being under increasing land use pressure.

Conclusion

This study characterizes spatiotemporal transforma-
tions of UPA in Nakuru, which might offer further
insights for other East African cities. We detected
four agricultural land use types shaping Nakuru’s
peri-urban areas. Although the dominant narrative
suggests a general replacement of UPA, this study
has shown that the dynamics of UPA are more com-
plex. Replacement also occurs in Nakuru, but differ-
ent kinds of agricultural fragmentation and
intensification simultaneously coexist, as well. The
intensification of UPA Types 3 and 4 has been iden-
tified in the proliferation of capital-intensive agro-
businesses, which are heavily investing in farming
equipment (including greenhouses and irrigation
techniques), gradual transitions away from staple
crops in larger fields to labor-intensive vegetable
production on smaller patches, and increasing agri-
cultural investments among some smallholders.
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Although the abandonment of smallholder
patches closer to the urban center can be traced
to increasing competition for land, the growing
demand for perishable products in different markets
has also fostered the intensification of other forms
of UPA. For urban households, moreover, agricul-
ture is still of high cultural importance and is easily
accessible. Our analysis shows that a high-resolution
focus on types of agricultural land use can offer a
better lens through which to illustrate and under-
stand ongoing UPA dynamics in East Africa. These
dynamics are often based on complex interactions
(e.g., farmer’s market integration) that need to be
addressed in future research. Nevertheless, our
results contribute to detailed typological approaches
by identifying important spatial and temporal
dimensions of UPA, which have implications for
planners concerned with land use dynamics in rap-
idly changing peri-urban environments. �
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Notes

1 The extent of the study area is based on RapidEye data
availability.

2 Based on our field mapping and previous work by
Lowder, Skoet, and Raney (2016), we defined 2 ha as the
threshold to demarcate large-scale open-field production
from other types with smaller patches. Common
threshold value problems occur in such procedures,
which lead nonetheless to acceptable errors in the
differentiation of Type 1 and Type 2. We offer a more
differentiated view in our presentation of patch size
distributions in the Results section (see Figure 4).

3 Distance to Nakuru town center has been measured
using geographic information systems (GIS). Irrigation
could clearly be detected from satellite imagery in the
form of dense, deep green agricultural patches and large
irrigation basins installed next to the fields (we used
field mapping data to validate this analysis; see also
Brown and McCarty 2017). The type of agricultural
products and the cultivation method were acquired
through field mapping (for details see Figure 3).

4 To validate the demarcation of the four UPA types, we
used additional field mapping data. We mapped all Type
3 and Type 4 farms in the research area and achieved
100 percent accuracy, as these types can be clearly
identified. For Type 1 and Type 2, we mapped around
fifty Global Positioning System points each and
compared them with the remotely sensed data. The
overall accuracy was 91 percent for Type 1 and 86
percent for Type 2. Errors particularly occurred in the
case of patches close to 2 ha in size (see note 2).

5 In interviews with farm managers, we found that a number
of Type 1 farms are managed by local institutions like
universities, other educational institutions, and church-
related organizations. In addition to their interest in
practical training and social commitment, land ownership
and commercial interests might also play a role here.

6 Due to the fact that quantification has been applied to
two different study areas (the focus area for Types 1 and
2, and the whole study area for Types 3 and 4; see
Figure 1), direct comparisons between these two groups
of types are not possible. This approach, however,
allows for internal spatiotemporal comparisons.

7 The patch size groups in Figure 4 have been classified
using the Jenks optimization method (natural breaks),
which is a data clustering method based on the
distribution of absolute frequencies.

8 The built-up areas shown in Figure 5 are based on a
maximum-likelihood classification of the RapidEye
imagery from 2010 and 2019.
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