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Abstract

The main objective of the paper is to examine tifects of urban sprawl on peripheral agricultural
lands in Calabar, Nigeria. The study assessednfheshce of sprawl on farm sizes and densities in
peripheral lands. Five sprawl areas were purposigibsen for the study. The areas were classified
into agricultural lands within sprawl and agricuétli lands outside sprawl. Thus, the research
compared the sizes and proximity of 10 farmlandbiwisprawl and 10 farmlands outside sprawl and
the diversity of crops between the farms. The mmambers of the variables, the Shannon Weiner
diversity index was used to determine the sprawémity of the sprawl formations and the paired
samples student t-test was employed for the datdysis. Significant variation in the sizes and
densities of farms between agricultural lands wittprawl and agricultural lands outside sprawl were
observed. Maximum farm densities of 2.6m were oleigiin agricultural lands outside sprawl and
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agricultural lands within sprawl had maximum deesitof 0.1m. The study has implication for the
sustainability of farmlands in peripheral land aedommends the integration of agricultural lands
into urban land use planning for efficient managetnaad protection of the dwindling farm space.

Keywords: Sprawl, Nigeria, agricultural, peripheral, lands.

1. Background

Urban sprawl is one of the foremost threat faciggcaltural lands in Nigeria. Sprawl occurs in ever
widening bands surrounding large urban centreserOfimes sprawl emanates from disconnected
developments and single family homes that are kst@lol outside urban areas well beyond city
limits, but usually within commuting distance teetarban core. Sprawl in Nigeria consist of informal
housing developments on the urban periphery, ot that is mostly privately owned, sold in single
small plots and, in the case of Calabar, also orgimal lands along rivers and seashore. These newly
developed areas have been called “peri urban ar@adioff, 2000) and the “intermetropolitan
periphery” (Berry 1990). The “exurban areas” beydhd suburbs are sometimes called “fringe”
developments (Daniel 1999) and “extended placesit¢Bu of the Census 2000). For the purpose of
this paper, all of these areas are referred tqpemmt Recently, in Calabar, 2000-2010, there is an
increase in residential estates on the urban paspldeveloped by government, the private sector fo
their workers or by property developers for sallke Tonsequences of burgeoning urban growth for
peripheral agricultural lands are enormous. Momgperal agricultural lands are converted to sprawl
development while the remaining peripheral langsveorked more intensively to feed the immediate
needs of the large urban population leading to &mekdegradation of farm space. Although all cities
in Nigeria are experiencing sprawl, Calabar’'s casexceptional because of the scale and type of
development on some of the city’s most agricultyrpfoductive land. In the past decade, the city’s
built up area burst outward in an explosion of gprénat consumed former agricultural land at a
break-neck pace. Thousands of hectares of agnialliand are covered by concrete and asphalt as
new roads are created and existing ones are exter@deer 5,200.09 hectares of the former
agricultural land at Ekorinim, Esuk Utan, Edim-Otofinantigha, and lkot Efanga have been
converted to low density residential, commerciad ardustrial uses as these areas are merged with
the urban areas. This development is consequetheogrowth of the population of Calabar. For
instance in 1991, the population of Calabar was, &, with a density of less than a thousand
person per square kilometer. In 2006, it was 37H. JAt present, the population of Calabar is
estimated to be over 399, 761 (National popula@ommission 2010) while the population density is
above 1,237 persons per square kilometer (Cross Btate Economic Blueprint 2007-2008).

This change in population size and density imptiesssure on agricultural lands because adaptation
to rapidly increasing urban population and servicesult in three distinct mechanisms usually
occurring in sequential steps. The first is thee@asing concentration, congestion, and extension of
settlements to flood prone areas and slopes watkisting city limits. The second is the emergenice o
satellite settlements focused functionally on éxgsurban centres, and the third is the incorporati

of outlying rural lands and settlements. The thimdchanism is the sprawl process dominant in
Calabar (Nwafor, 2006). A reconnaissance surveyhefstudy sites shows that roads have been
expanded and new ones created into previous aniallands. Statistics from the State’s Ministfy o
Works show that from 2000 to 2010, a total of 2B&f new roads have been constructed while
over 302.60km is billed for construction in the nhesight years. Housing development to
accommodate the demands of the increasing popul&ialso taking large portions of agricultural
lands. Available data on land use statistics from Ministry of Lands and Surveys, Department of
Town Planning Calabar indicate that urban land usege changed dramatically in the last two
decades. From 1991-2010, over 4,772 hectares ipheeal agricultural lands have been approved for
conversion to residential uses by the relevantaitibs, 607 hectares approved for commercial uses,
and over 90 hectares of agricultural land havergmey to industrial uses. These expansions into
peripheral agricultural lands reduce the spati&kmxof agricultural land and fragment them leading
to reduced and smaller patch sizes of less thaatdiee Agricultural adaptation to urban expansion
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leads to new forms of farm practice vis a vis dyges and farm management practice. Alterations in
crop types will definitely affects agro diversityfarm areas

1.1 Purpose

The study specifically examine the effects of urbprawl on agricultural lands, assessed the spatial
relationship between urban sprawl and agricultlznadls, project the spatial loss of agriculturaldan

in Calabar by 2015 and suggested sustainable nethibthtegrating agricultural lands into urban
systems. In view of the stated objectives, two tesgarch questions of the study are:

1. Isthere a difference in farm size and denditygoicultural lands within sprawl from agricultlira
lands outside sprawl!?
2. Is there a difference in agro diversity amorlstsprawl formations?

1.2. Literature

The conversion of agricultural lands to urban depeient is a phenomenon currently affecting
countries as their population grows. Although urlsgnawl may not threaten overall agricultural
productivity of a country it does result in theea#ttions and declines in local agricultural adegt
and to the loss of agricultural land as highlighbgdthe literature. Organisation for Economic Co-
operation and Development, OECD (1979) has docuwedahie loss of peripheral agricultural land to
sprawl in some European countries such as Netli=rland Norway which respectively lost 4.3
percent and 1.6 percent of their land annuallygawl. Also the United States of America and
Canada lose 4,800sgkm of prime cropland annuallyo&mls, buildings, reservoirs and other non-
agricultural uses. Lopez et. al., (2001) in a stedy ‘Urban Expansion and the Loss of Prime
Agricultural Lands in Puerto Rico’, shows that beém 1977 and 1994 the urban area of Puerto Rico
increased from 11.3 percent to 27.4 percent. Theyrefore concluded that if the pattern of
encroachment by urban growth into farmlands coesnBuerto Rico’s potential for production in the
future will be dimmed.

Humphrey (1985) observed that urban sprawl hassfibamed the landscape of Singapore and
elevated the economy to almost a developed costdtys over the past decade. Correspondingly, in
the face of this rapid urban and industrial grovetdiculture has to make significant adjustmente T
first was the loss of agricultural land. During th@60s approximately 250 hectares were required
annually for public housing and industrial devel@mt often at the cost of fertile agricultural land
Singapore, Japan, Indonesia, Thailand and recdfdlgysia exhibited this trend. The implication of
this is the importation of food as Asian countriest their diversified food production capabilities
This according to (Pernia, 1983) is a reflectionaotountry’s loss of comparative advantage in
diversified farming practices as a country losgssfertile land to urban sprawl and heads up the
economic ladder. The same trend was found in &y stadied out by Yoveva, et al (2000) in the city
of Sofia, where land use is shown to be in a sthteansition. The peri urban villages to the sooith
Sofia (Dragalevixi, Simeonovo and Pancharevo) aréonger areas of agricultural production as the
agricultural land has been turned into housing dergs. For example the cities of Darvenitza and
Mladost were built on prior agricultural land.

On the other hand, (Brown 1985, Song and Lee 1884dade 1986) have attributed the fast rate in
which agricultural lands in the peripheries of Tifbouth Korea, dwindle to sprawl. Thus, the
reductions of agricultural land and biodiversitytire peripheries have been attributed to sprawk Th
is because sprawl encroachment into peripheratagrial lands results in the loss of fertile land.
Farmers, therefore, need to enhance the fertifitheland by adding fertilizer, changing to newnfia
techniques or changing to more productive cropds Thange in prior farming techniques will
definitely change the constitution of biodiversthat has adapted to the former farm management.
Belfrage, et al. (2005) in their study on the ‘effeof farm size and organic farming on the divgrsi
of birds, pollinators and plants in a Swedish l@agpe’ discovered that more than twice as many bird
species, butterflies, herbaceous plant specie$wtimes more bumblebees were found on the small
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organic compared to the large conventional farmse &uthors argued that altered management
practice such as monocultures and intensificatibragriculture has influenced the number and
demography of birds. This is in line with the finds of Beecher et al. (2002); where bird abundance
in organic sites were found to be more than twashigher than non organic sites (that use fegtiliz
and herbicides). °

Similarly, Luoto, et al. (2003) linked agricultunatoduction changes to landscape fragmentation and
species diversity. Based on their study on ‘the lofsplant species richness and habitat connegtivit
in grasslands associated with agricultural chamgd-inland’, they argued that development in
agricultural production drives land- use changed #ws controls the capacity of landscapes to
maintain biodiversity.

2. Methodology

The total amount of peripheral land loss to urbarawl was used in the measurement of sprawl for
this study. For instance, if an urbanized area i/d.0 kilometres square in 1980 and covers 18
kilometres square in 2010, the city would have sjed 8 kilometres. The types of data acquired for
the study include: data on the spatial extent ohfiands within and outside sprawl areas for 2000
and 2010, farm sizes, distance between patchesifgeaf agricultural lands within sprawl (ALWS
and ALOS) and agricultural lands outside sprawhaarm@nd proximity of farm lands to built- up areas.
Field observation and measurement by the reseaacitetwo assistants was the main source of data
for number and farm sizes of agricultural land &mel proximity of agricultural lands to built -up
areas. Data on the spatial extent of agricultanadi lwas extracted from Landsat ETM 1980 and SPOT
Image of Calabar 2005. These data sets were so@rosdNational Centre for Remote Sensing
(NCRS) Jos, and the GIS Laboratory Department afgzphy and Regional Planning, University of
Calabar, Calabar. Other sources of informatiorizetil for the study include journals, text books,
dissertation on relevant study areas and the ietevhich were sourced for literature and theorética
framework for the study.

A reconnaissance survey of the study area was takeer from 3 -7th March, 2010 to determine
farmlands within and outside sprawl areas. Themeaissance survey also created opportunities for
determining access points to the farms, line treink®ation, and obtaining permission from the
farmers to use their farms for the study. Field sneement was carried out on the identified farms
from May 14" - August 14 2010.

Analysis: A four kilometers buffer zone from the CBD (Whttrket) was created as the beginning of
the urban peripheral lands. A second buffer zonwf kilometers from the first buffer was created
to delimit the extent of the urban peripheral agtieral land for the study. Five out of the 8 idéad
areas that have witnessed rapid development ifagtéwo decades were purposively chosen to form
the sampled areas. These include, Ekorinim, EsuénUEdim- Otop, Anantigha and Old
Parliamentary village sprawl areas. The study &rrtiiassified the areas into agricultural landimit
sprawl (ALWS) and agricultural lands outside spr@LOS), giving a total of 10 sampled sites (5
within sprawl areas and 5 outside sprawl areas)eddth of the sampled sites two farms were
purposively chosen. Thus, field measurements waméed out on 20 sampled farms or plots.

Field measurement of farm sizes, farm density aeddistance of the farms to built- up areas within
and outside sprawl areas were done by the reseanthewo assistants with the aid of a metric tape
This is to determine if sprawl has an effect omfaize and density.

The delineation of sprawl in Calabar were carriatida the use of satellite imageries of Calabar of
two image dates, specifically, Landsat ETM Decenm#80 and SPOT Image XP December 2005.
The land uses were then categorized into urbamdpand non urban (agricultural) land uses. The
urban land uses include: the residential, commiriridustrial, transportation, communication, as
well as developed portions of recreational, pubiidjtary and non productive uses. The remaining
land was classified into non urban or agricultdaad. The SPOT Image 2005 was overlaid on the
Landsat image of ETM 1980. The new urban areas theredigitized onscreen using the 1980 urban
coverage as a guide for interpreting and measuttiieg 2005 images. ARC GIS software was
employed in the measurement of sprawl impact oficaltpral land. The assumption is that areas
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classified as urban in 1980 will remain in urbaeaug 2005. The total area of peripheral agricaltur
land in 1980 delineated from the Landsat ETM Imagel980 was subtracted from the total
agricultural land of 2005 delineated from the SP@&ge XP 2005 to determine the effects of urban
sprawl on agricultural lands and comparing thessidethe sampled farms between ALWS and those
of ALOS. To get the rate of sprawl land gain penwan, the sprawl areas of 1980 in hectares were
subtracted from the sprawl areas of 2005 and thdtrdivided by the number of years between 1980
and 2005. The rate of agricultural land loss pewuamwas derived by subtracting the agriculturatilan
in hectres of 2005 from those of 1980 and dividing result by the number of years between 1980
and 2005.

2.1 Results and Discussion of Findings

The sprawl areas delineated for 1980 and 2005 rasepted in Fig.1. From Fig.1., 2,018 hectares of
peripheral agricultural lands and 658 hectares phwl areas were delineated for 1980. The
agricultural land and sprawl areas for 2005 wer@ aid 7,258 hectares. Between 1980 and 2005,
urban sprawl gained over 6, 000 hectares of pemgbtiend while agricultural land diminished from
over 2,000 hectares to 178 hectares. The differenceban sprawl area and peripheral agricultural
lands for the two periods of study 1980 and 20G5 mesented in Table .1. The areal relationship
between peripheral farmland loss and gain in ugpate is shown in Fig.2.
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Fig. 4.1: Urban sprawl areas 1980 & 2005 delineated from overlay of Calabar Master Plan on digitized Landsat ETM image 1980 & SPOT
image XP 2005.
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Tablel: Difference in agricultural lands and sprawl ared80land 2005
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Study
periods

Urban
sprawl
areas (ha)

Sprawl
land
gain

Peripheral
agricultural
lands in (ha)

Agric
land
loss in

(ha) (ha)

1980 658 2,018

2005 7,258 178
6,600 -

Difference 25 25 2,168
in years

Rate of 264 73.6
change per
annum

8000 -
7000 -
6000 -
5000 -

4000 -

Land in Hectares

3000 -
2000

1000

0 -

1980 2008

m Urbanland

m Agric Land

Fig.2: Areal Relationship between Urban Sprawl and Agriculural Land 1980/2005
Source: Landsat ETM 1980 and SPOT Image XP 2005

From Tablel, mere sprawl extents of 658 hectard980 had escalated to 7,258 hectares in 2010.
This monumental rise in sprawl areas has a correpg effect on agricultural land seen in Fig.2,
where peripheral agricultural lands diminished fraf@18 hectares in 1980 to 178 hectares in 2005.
This loss in farm space implies a corresponding ingarm density. Using the urban land gain of 264
hectares per annum, a trend line forecast algorithidicrosoft excel was used to calculate a five
year moving average from 1980- 2015. The resukemted in Fig.3, show that urban sprawl areas
would gain about 10,000 hectares of peripheralddnd2015, while peripheral agricultural lands are
tending towards zero. The consequence of the datiimi of peripheral agricultural land is loss in

farm density and the fragmentation of farmlands.
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Fig. 3: The Spatio — temporal Relationship and Projection bUrban Sprawl and
Agricultural Lands 1980-2015

The minimum size of ALOS was 14¥F and 164* for ALWS (Table 2). The maximum size of

ALOS was 10923 * and 316.81* . The densities of the farms were also differehie Thean density
of the ALOS was 1.59m and ALWS had mean densitiga5®m. From Table 2, the mean numbers
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for farm size and density for agricultural landsthivi sprawl were 111.9%*, 0.59m, and 6.7,

respectively.

Table2: Minimum, maximum and mean numbers of farm size faneh density of ALOS and

ALWS
Sampled Farm Farm Mean size Mean
farmlands size density density
ALWS 1 83.2 0.6 111.9600 0.5900
ALWS 2 316.8 0.1
ALWS 3 60 0.2
ALWS 4 84 0.8
ALSW 5 20 0.9
ALWS 6 10 0.8
ALWS 7 29 0.4
ALWS 8 41.5 0.8
ALWS 9 238 0.9
ALWS 10 236.3 0.4
ALOS 11 1953 1.7
ALOS 12 1400 2.0
ALOS 13 3360 1.0
ALOS 14 2340 1.0 3542.8000 1.5900
ALOS 15 3360 1.0
ALOS16 2340 1.0
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ALOS 17 2624 1.0
ALOS 18 2960 2.3
ALOS 19 10921 2.3
ALOS 20 4800 2.6

The result of the paired samples analysis is pteden Table 3. Pair 1 of the analysis compared the
means of patch sizes of ALWS and ALOS. The resdbrded a calculated t value of 4.324, while the
critical t- value is 2.262 at 5 per cent level @jnificance when degree of freedom (df) =9 (Table
4.16). It showed that the calculated t is gredtantthe tabulated t. Pair two compared the means of
patch density of FLWS and FLOS. The result of thalgsis shows a calculated t- value of 4.26 and a
critical t- value of 2.262 at 0.05 level of sigodince when the df =9. This implies that significant
difference exists between the patch density of AL&Wi ALOS. Pair three of the analysis compared
the means of crop diversity of ALWS and ALOS. Tlesuit indicates that the calculated t value is
2.654 while the critical t is 2.262 at 5 per cexudl of significance when df=9. Since the calcuate
values were greater than the critical t values,nthié hypothesis is rejected, implying that theseai
significant difference in patch size, patch denaitg crop diversity between ALWS and ALOS.

Table 3: Results of Paired samples test of the variables

Paired differences df t- t-
ta c
b al
Mea Std Std 95% confidence
n Devia mea interval of
tions n difference
error
Lowe Upp
r er
Pair 1 PS 9 4.324 2.262
Pair 2 PD +3430.840 | 2509.17060 | 793.46941 | -5225.793 -1635.887 426 2 262
Pair 3 CD +1.00000 74237 .23476 | -1.53106 -.46894 9 2 654 2 262
2.60000 .97980 .38955
3.09839 4.81654

2.3. Conclusion

The findings in this study indicate that urban sgraas impacted negatively on agricultural lands in
Calabar, Nigeria by reducing their spatial extand density and fragmenting them into smaller sizes
of less than 100metres square. Hence, the chaliarihpe sustainability of agricultural activiticies

in the conservation and management of existingrieags in the face of very rapid urbanization. This
feat can be achieved via the integration of agtical landscapes into urban land use planning
systems and agricultural lands must also be takém consideration as crucial part of urban
development.
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