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Abstract— Urban farming is a food production strategy that has existed since ancient times to secure supplementary food
supplies, particularly for the urban populace. The increasing demand for sustenance and jobs among urban dwellers attracts
many metropolitan residents towards urban farming for food, income and other household necessities. Nevertheless,
enough recognition has not been given to urban agriculture in developing nations, especially at the policy level. Improving
urban agronomic activities requires frequent monitoring in space and time. Thus, this research is focused on spatiotemporal
appraisal of urban agriculture in Abuja Metropolitan area with an emphasis on crop area. We used time-series satellite data
from the Landsat sensor for the classification of LULC over Abuja Municipal Area Council. We also used questionnaires
to gather socioeconomic data about the location of the study. The outcomes from the study indicate an increase in urban

agricultural practice in Abuja Municipal Area Council of the FCT, Abuja-Nigeria.
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l. INTRODUCTION

More than half of the world’s populace resides within
towns, and over 60 % is likely to dwell in the cities by
2050 [1, 2]. The most proliferation of urban dwellers will
soon arise in low- and middle-income nations. For
instance, half of Africans will probably reside in the cities
by 2030 [3]. The main ecological consequence of the rapid
urban population rise in Africa is the expansion of its
urban land. Metropolitan land in Africa is projected to rise
by approximately 600 % from 2000 to 2030[4]. In the
same manner, urban residents in Nigeria have rapidly
increased in the past 5 decades. The most rapid urban
population growth in Nigeria is occurring in the Federal
Capital Territory (FCT) Abuja, which is the eighth most
populous metropolis in the country with a population of
776,298. United Nations record suggests that FCT
population rose by 139.7 per cent from 2000 to 2010,
which indicate that it the fastest developing urban center
globally. Unfortunately, this level of population growth
and urban expansion has its corresponding challenges.

The main socio-economic problems of urban expansion in
Nigeria are associated with increasing food insecurity, and
famine [5]. For example, Ravallion, et al. [6] show that 25
% of the poor in developing countries lives in cities with
little access to food. The highly populated areas normally
generate more demand for food, especially in the slums,
where a huge percentage of people's earnings is spent on
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food [7]. Consequently, there has been a considerable
susceptibility to food supply shock in the municipal areas
of the Nigeria [8].

The growing urban expansion, which is inevitable, requires
new tactics that can support the delivery of fresh, local
food for towns. Also, urban farming has become a more
essential public issue driven by universal necessities such
as global warming [9]. It equally contributes to economic
prospects, as it widens the food diversity while providing
employment prospects and creating some income through
sales of surplus produce [10]. Urban agriculture (UA) in
Sub-Saharan Africa (SSA) is now seen as one possible
element in solving the problem of future food supply. In
Nigeria, urban agriculture is necessary for filling the gap of
food demand and supply and affording income for other
households’ needs [11]. Furthermore, urban farming
activities have proven to aid climate change adaptation by
greening the urban area and enhancing the city climate,
while encouraging the creative recycling of municipal
organic waste and decreasing the city energy footprint
[12].

Regardless of its significance, UA is yet to expand in the
developing nations [13] due to several setbacks. Of course,
recent reviews present the features and challenges of UA in
various cities around the globe [e.g., 14-19]. Likewise, this
study focuses on a spatially explicit assessment of the
current extent of urban farming in FCT Abuja using a
consistent methodology.
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Five sections are used to prepare this study. In section I,
the introduction of the study is presented. Review of
related literature is conducted in section Il. The study
methodology is explained in section Ill. Section IV
describes results and discussion, and Section VI concludes
the study with future scope.

Il. RELATED WORK

The FAO stated in the 1990s that approximately 800
million people worldwide were practicing agriculture and
forestry in and near cities. Since then, there is a growth of
urban residents in less developed countries from 2 billion
to more than 2.7 billion [19]. Accordingly, the population
of urban and peri-urban farmers is growing [20], which has
attracted a substantial research effort.

Weerakoon [21] analyzed the suitability for urban
agriculture. He advanced a method to integrate
stakeholders' perceptions into a spatial analysis by

incorporating GIS and Multi-Criteria Assessment. The
driving factors affecting the urban agriculture was also
studied using a simple regression model.

Ola [22] evaluated the influence of urban planning on
urban agriculture and its input to the improvement of the
resilience of the city to food shock in Ilorin, Nigeria.
Results of the study indicate that UA is responsible for the
following percentage requirement of various produce:
meat/fish/fegg (16.9 %), yam/cassava/potato (4.5 %),
vegetable (0.58 %), fruit (0.6 %), and grain (0.5 %).

Feola, Sahakian, and Binder [23] carried out a study on the
challenges and ways forward for the sustainable evaluation
of UA. The study show that specific technique for
assessment of UA that is flexible for use in different
context is lacking.

Clerino and Fargue-Lelievre [24] identified the purposes
and conditions for intra-urban farms relying on various
stakeholders’ participation. They found that policy-makers
are more dedicated to external sustainability of the
projects.

Ngahdiman, Terano, Mohamed and Sharifuddin [25]
investigated the goal of urban residents towards active UA.
The results demonstrate that respondents have positive
perceptions of UA.

Aubry and Manouchehri [36] studied urban agriculture and
health with emphasis on the risks. They concluded that UA
influences pollution associated to farming techniques.

I1l. METHODOLOGY

3.1 Study Area

The study area - Abuja Municipal Area Council (AMAC)
lies between latitudes 8°37'41" and 9°9'15" N and
longitudes 7°03'55" and 7°34' 00" E (see figure 1). It
records a yearly rainfall of nearly 1,650mm. It is also
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composed of hot, humid, and tropical climatic conditions
and it falls within the guinea savanna ecological zone with
its main vegetation being categorized into grass, woodland,
and shrub [27].
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Figure 1. Map of FCT, Abuja displaying the area councils with
the study area in yellow (source: Omali [27])

3.2 Data Collection

3.2.1 Satellite Imagery

The Landsat data covering the study area were acquired
from the Archive of USGS for 1987, 2001, and 2020. All
the data were projected using UTM with WGS84 datum
and Zone 32N.

3.2.2 Socioeconomic Data

The collection of socioeconomic data was through well-
structured questionnaire. Questions in the questionnaire
were designed to elicit information on the research
questions under investigation. The data was classified into
two broad areas related to: (i) demography and (ii)
agricultural activities. Trained enumerators under the
researchers' supervision were used to collect the data .

3.3 Method

3.3.1 Satellite Image Pre-processing

Satellite data pre-processing was used to eliminate
atmospheric noises and to ensure that multi-temporal
images were in the same radiometric scale [28]. The digital
number (DN) values were converted to spectral radiance;
the spectral radiance were converted to apparent
reflectance; and the atmospheric effects due to absorption
and scattering were eliminated [29].

3.3.2 Development of Classification System and LULC
Classification

The aim of feature grouping is to organize all the image

pixels into different LULC. This is because diverse LULC

component shows a typical blend of their basic reflectance

[30]. Before attempting a classification, it is important to
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define the LULC classes considering the purpose of the
study. Based on the Anderson's classification [31], the
present study area is divided into six LULC classes (see
table 1).

Table 1. Land covers classification system used for this study

S/No. | Land use/cover | Description
1 Water body Area covered by main river,
reservoir, etc.
2 Built-up Area of human habitation and
development covering buildings,
transport and communication
infrastructures, and utilities, etc.
3 Bare land Area of exposed soil with very little
or without vegetation coverage.
4 Agricultural Area for farming.
Land

5 Sparse Area of scanty growth of vegetation.
Vegetation

6 Thick A dense growth of bushes or trees.
Vegetation

The classification of satellite data was done to generate
particular information on the extent and spatiotemporal
trend in LULC of the study area. We employed the
supervised classification based on maximum likelihood.

3.3.3 Classification Accuracy Assessment

The last stage of LULC classification in the present study
involved the accuracy assessment in line with Manisha,
Chitra and Umrikar [32]. The contingency table was used
to represent the classification accuracy as recommended by
many researchers (e.g., [33, 34]). Also, descriptive
statistics comprising overall accuracy, user's and producer's
accuracies, and kappa coefficients were used to summarize
the information and to obtaining accuracy measures.

3.3.4 LULC Change Analysis

The multi-temporal imageries were used to monitor LULC
change in the study area. With the statistics generated from
this satellite data, the trend (T) of change and annual rate
(R) of change in the LULC of the study area were
determined using the equations (1) and (2) respectively

__ Observed Change , 100

T= X 1)
Sum of Change 1

% Change ., No. of Years
R= BT X
100 1

2

3.3.5 Socioeconomic Data Processing
Percentages were computed for each socioeconomic
variable investigated in the study using the following
equation:

No. of Respondents X 100

 Total No. of Respondents 1

% 3)
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IV. RESULTS AND DISCUSSION

4.1 LULC Classification Results

Common approaches using Landsat multispectral images
were followed to create a consistent time-series LULC
maps of Abuja Municipal Area Council covering the
period 1987, 2001, and 2020 (Figures 2, 3, and 4). A total
of 6 LULC classes were mapped, showing unique spectral
characteristics on multiple dates, and over a near-
continuous time interval [35].
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Figure 2a. LULC map of the AMAC for 1987
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Figure 2b. LULC map of the AMAC for 2001
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4.1.1 Accuracy Assessment Results

Excerpt of the accuracy assessment result from the
generated confusion matrices is presented in table 3. The
overall classification accuracies and the Kappa coefficients
of agreement presented in table suggest a very good
accuracy as it corroborates earlier result (see Lekha and
Kumar [36]).

Table 3. Summary of images classification accuracies

1987 2001 2020
Overall Accuracies 80.43 % 81.97 % 80.25 %
Kappa Coefficients 0.75 0.77 0.76

4.1.2 LULC Change Analysis Results

LULC variations were computed between 1987 and 2001,
and between 2001 and 2020 for the six LULC types. The
excerpt of the changes in the LULC, which were computed
using equation [1] is presented in table 4 while the annual
rate of changes, which were computed using equation [2]
is presented in table 5.

I.:wr\ll?l'aterbody
. Builtup. Table 4. LULC change values
= m— m—ilometers | Agricultural Land LULC 1987-2001 2001-2020
6 3 0 6 12 18 i::::r:a V:gelnlion Water bOdy 02 _01
Built-up 37.9 25.2
Figure 2c. LULC map of the AMAC for 2020 Bare land 119.2 -173.9
Agric. Land -1.1 114
Also, the areal extent of each LULC class is presented in Sparse Veg. -83.8 82.1
table 2. Results in table 2 revealed a flutuating trend in the Thick Veg. -72.4 55.3
waterbody as it increase from 0.07 % in 1987 to 0.09 % in )
2001, and decreased to 0.08 % in 2020. There is a Table 4. Annual rate of change in LULCs
continual growth in builtup between 1987 and 2020. It W Lub% 1000 19871'2801 E00 2001'§g20
occupies 14.05 % of the total land area in 1987, rises to | ‘"’ftlir ody Taom00 6530 56000 1 23045
16.4 % in 2001 and 17.9 % in 2020. The bareland covers urt-up - "
. ) . Bare land 596000 83440 869500 165205
34.33 % of the total area in 1987, rise to 41.63 % in 2001 Aaric. Land 5500 770 57000 10830
d 30.98 % in 2020. The agricultural land covers 30.22 % dre. ~an - : ; -
and 0. g f ! - Sparse Veg. | -4190000 | -58660 | -410500 | -77995
of the total land area in 1987, it reduced slightly t0 30.16% [ Fpjck veg. 361900 | -50666 | -276400 | -52516

in 2001 and rise to 30.86 % in 2020. The Sparse vegetation
covered 14.84 % of the total land in 1987 declined to 9.71
% in 2001 and rise to 14.74 % in 2020. The area of land
occupied by thick vegetation declined between 1987 and
2001 but had a slight increase in 2020. It covers 6.45 % of
the total area in 1987 reduced to 2.02 % in 2001 and rise to
5.40 % in 2020.

Table 2. Areal extent for each land use/cover

4.1.3 Socioeconomic Data Analysis Results

The demographic data of respondents analyzed include
age, gender, marital status, household size, educational
status, and primary occupation. Others, which are directly
related to their farming activities include years of farming
experience, land tenure, farm size, proximity to farm, and
crop yield.

]]:T{: 1987 e 2001 e 2020 e Table 5. Demographic features of respondents

L 13 B 13 o1 13 o1 Variables Frequency Percentage

body Age

Built- 1286 14.1 2675 16.4 2827 17.2 <21 22 10.28

o 21-30 31 14.49

Bar= | 600 | 34.3 | 8801 | 416 | 5061 | 310 31-40 74 3458

lamd N

AgTic. 483 8 30.2 4827 30.2 504.1 0.9 41-50 59 21.57

P >50 28 13.08

Spams | 2425 | 188 | 1567 | &0 | =08 | 1&° Total 214 100

Vag.

Thick 105.4 6.5 33.0 10 2R3 5.4 Sex

Vag, Female 88 41.12

Total | 1633.5 10H¥ 1633.5 10H¥ 16325 | 104 Male 126 58.88
Total 214 100
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communal respectively. Information on the Farm Size (in
hectares) cultivated by the respondents in the study area
show that 3.27 % cultivate more than 5 hectares while
31.31 % cultivated between 2.1-3 hectares. Reponses on
the proximity of respondents to their farms shows that
10.28 % live from 5 km or more to their farms.
Furthermore, 48.60 % of the respondents respond
affirmatively to high crop yield.

Table 6. Data analysis related to the farming activities

Marital Status
Single 85 35.05
Married 112 53.27
Divorced 25 11.68
Total 214 100
Household Size

<5 62 28.97
5-10 107 50.00
11-15 31 14.49

>15 14 6.54

Total 214 100

Educational Status
Non-educated 43 20.09
Primary 37 17.29
Secondary 49 22.90
Tertiary 74 34.58
Non-formal 41 19.16
Total 214 100
Primary Occupation

Trading 28 13.08
Civil servant 75 35.05
Retiree 59 27.57
Others 52 24.30
Total 214 100

The result presented in table 5 shows that the farmers cut
across nearly all the age group. Also, the gender
distribution of the respondents revealed that 41.12 % and
58.88 % where female and male respectively. This show an
imbalance distribution, which may be connected to culture
that, hinders active involvement of womenfolk in certain
activities within the study area. Equally, 53.27 % of the
respondents were married implying that majority of the
urban farmers are married. Also, 50 % of the respondents
have household of 5-10 members. The implication is that
majority of the farmers has an average household size,
which has a significant plus. Of course, earlier studies
suggests that reasonable number in a household serves as
major source of labour for agriculture (see [37,38]). The
table also revealed that most of the respondents are literate.
This level of literacy may be ascribed to the urban
character of the study location. It is noteworthy that the
educational level of a farmer increases capacity to
understand different farming tactics [39]. Furthermore,
35.05 % of the respondents are civil servants. The
implication is that most of the respondents are involved in
a primary employment while UA is essentially
supplemental. Of course, this buttresses Dennery [40] who
is of the opinion that urban inhabitants who engages in
employed services and also practice agriculture are do well
economically as compared to their counterparts who
depend only on their income and salaries.

4.1.4 Socioeconomic Data Related to Farming activities

From table 6, the respondents’ years of experience in
farming shows that 38.32 % and 14.95 % had less than 5
and more than 20 years farming experiences respectively.
Also, the mode of land acquisition shows that 23.36 % and
3.74 % of respondents got their land by acquisition and
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Variables Frequency Percentage
Years of Experience
<5 82 38.32
6-10 39 18.22
11-15 43 20.09
16-20 18 8.41
>20 32 14.95
Total 214 100
Tenure
Rent 36 16.82
Gift 23 10.75
Leasehold 48 2243
Govt. Allocation 37 17.29
Communal 8 3.74
Inheritance 12 5.61
Acquisition 50 23.36
Total 214 100
Farm Size (ha)
<1 20 9.35
1.1-2 28 13.08
2.1-3 67 31.31
3.1-5 44 20.56
4.1-5 38 17.76
>5 17 3.27
Total 214 100
Proximity to Farm (km)
<1 62 28.97
1.1-2 25 11.68
2.1-3 33 15.42
3.1-5 18 8.41
4.1-5 54 25.23
>5 22 10.28
Total 214 100
Crop Yield

High 104 48.60
Mid 37 17.29
Low 63 28.44
Total 214 100

V. CONCLUSION AND FUTURE SCOPE

Urban farming is characterized by numerous roles and
creates range of opportunities that influences sustainable
metropolitan settlements. This study demonstrates a
method of appraising agricultural activities in metropolitan
settlement using geospatial technology. It focuses on crop-
based agricultural analysis from 1987 to 2020 within
Abuja city. The results indicate that crop-based agriculture
is successful in the study area. This is evidenced by the
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high crop vyield, and the consistent expansion of
agricultural land use over the three epochs investigated.
Land tenure system is of great significance in agricultural
activities. The high percentage in leasehold and rent with
regards to agricultural land shows high demand for
agricultural land within the area of study. Unfortunately,
there is no government layout specifically for farming
purpose in the area. As a consequence, various land uses
are modified into agricultural land use. This action has
invariable effect on the city aesthetics, and the general
ecosystem balance. Thus, establishing explicit policy for
Urban Agriculture in Nigeria will give UA the official
acknowledgment it deserves and would also co-ordinate a
strong and viable farmers association.
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