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Abstract:

Resource Carrying Capacity refers to the number of
individuals who can be supported within the natural
resource limits in an area sustainably in the interest of
the present/future generations in order to avoid varous
kinds of unacceptable negative impact. Infrastructure
required in the peri-urban areas are no different from
that of the urban centres and vary from roads to water,
health care facilities to waste disposal facilities, electricity
to educational infrastructure amongst others. The
difference however is the fact that growth and
development in the Nigerian peri-urban areas is usually
unmonitored and the true picture of the activities is not
often captured. In conclusion, the study underscores the
best practice challenges and policy recommendations for
sustainable peri-urban infrastructural development.

INTRODUCTION
an’s environment has always been instrumental to him in his
everyday quest for a better life. This search for comfort and
ase has involved the continuous extraction and deployment of
environmental resources which over time have translated into the series of
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growth and development notable in our world today. Taiwo and Feyisara

(2017) described this as the advent of globalisation and the quest for
development which have triggered offimpressive economic progress,
creating materials and luxury of life. They stated further that, this progress
and its associated benefits have imposed a tremendous cost to the global
environment.

In spite of the serious challenges and threats introduced into our
common global environment in return, it is certain that development around
the world is taking place at a faster rate (indian Institute of Technology,
2012). As Onibokun (2005) pointed out cities will continue to grow while
challenges will continue to become more complex as development
continues to take place in the different spheres of the world. This therefore
implies that the need to take conscientious efforts in the deployment and
management of resources is most important. This importance is most
relevant because as noted by Taiwo and Feyisara (2017), the actions we
take now will determine whether or not the current course of development
will be sustainable for the future, or will merely produce deleterious
repercussions that are capable of destroying us.

Resources as stated by Okude (2000) are those qualities inherent in
any environment which can be used to better the state of well-being of the
inhabitants of such an environment. It is any part of the environment that is
useful to man, this can be interpreted to mean that resource is anything
that mankind can find a relevance for in his environment and also derive
satisfaction from. Resource availability is no doubt very important; so also,
is having necessary information about the available resources, these indices
are key to the resource management process. Mitchell (1978) considered
resource management to be a process whereby resources are alloc ated
over space and time according to the needs, aspirations, and desires of
man within the framework of technological inventiveness, his political and
social institutions, and his legal and administrative arrangement. Amajor
factor that can aid the achievement of the goals and objectives set out by
a resource manager in his management quest is to have access to vital
information which may guide him during the resource allocation process,
one of such items of information is the carrying capacity of a resource of
interest.
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The concept of carrying capacity is fundamental to many facets of
resource management. Resource Carrying Capacity refers to the number
of individuals who can be supported within the natural resource limits in an
area sustainably (without degrading its natural, social, cultural & economic
surrounding) in the interest of the present/future generations. Other notable
descriptions of carrying capacity are:

. the maximum population size of a biological species that the
environment can sustain indefinitely, supplying food, water, habitat
and other necessities in the environment;

i Itisdefined as the environment’s Maximal Load in population biology;
Load (or Bearing) Capacity in Engineering, measured in terms of
food availability, water supply, environmental conditions and living
space;

iil.  The maximum population that can be supported or sustained by an
ecosystem over time (Baldwin, 1985; Miller, 2004);

iv. Indian Institute of Technology (2012) defined it as the maximum
number of people that can be supported by the environment of an
area through optimum utilisation of the available resources;

v.  The maximum pressure or load that a system can conveniently
withstand before breaking down.” A system breaks down when it
can no longer cope with the pressure from the loads it is carrying
(Taiwo and Feyisara, 2017).

Taiwo and Feyisara (2017) also mirrored the importance of the concept
of carrying capacity as one that is of fundamental importance to man
especially if the system being referred to in the definition is the planet
Earth. Hence, they stated that, when the carrying capacity of the earth as
a system can no longer sustain the pressure of population explosion, the
unacceptable impact occurs in the form of deteriorating or negative effects.
In other words, carrying capacity of an area refers to an extreme limit.
This limit defines the population carrying capacity of the area. If this limit is
crossed then nature will react by imposing pressure to resist the abrupt
growth and development of the people resulting into equilibrium. These
pressures can be in form of floods, droughts, famines, landslides, etc.
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Peri-Urban Infrastructure and Carrying Capacity

Indian Institute of Technology (2012) stated that a socio-economic survey
could be carried out in an area to understand the population status, land
requirement, economic status, etc. of the people residing there. The survey
of the area will highlight the presence or absence of basic infrastructural
amenities, so subsequent action may be taken based on the findings of the
survey. The fundamental infrastructure required in peri-urban areas in
Nigeria include but are not limited to roads; water; healthcare provision,
and electricity.

Roads

Roads are the links that makes accessibility to locations possible and
facilitate trade, exchange of goods and services as well as the carriage of
information and ideas amongst other benefits. Road is therefore
infrastructures that are of utmost importance in the peri-urban areas.
Nevertheless, the situation of road infrastructure in Nigeria is one that can
be described as chaotic as in the case of the peri-urban areas. Roads
deterioration has factors that enhance it and this may vary from one peri-
urban to another. This means that the socio-economic survey like the one
suggested by Indian Institute of Technology (2012) may still be required
to pinpoint factors that could make the roads to deteriorate fast; such
information can aid planning using a concept like carrying capacity. Through
the survey, vital information such as the population of interest; prominent
activities; type of peri-urban area (residential, commercial, industrial, etc.)
and other salient information etc. may be obtained and necessary plans
may be embarked upon to construct a qualitative road infrastructure that
will stand the test of time.

Water

WHO/UNEP (1997) described water as an environmental resource with
aprofound impact on public health, economic activity and environmental
(and ecosystem) quality. Harman ez al., (2010) on their own part viewed
water as arguably the most precious resource on earth. It is ecologically,
economically and culturally valuable, and it has been recognised as an
important element in maintaining and enhancing amenity. Furthermore,
adequate water supply is central to life hence of the five basic human
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needs (water, food, health, education and peace), water is a common
factor to the other four (Akpor et al., 2011). This therefore suggests that
water as an environmental resource is indispensable to man and his kind;
its indispensability is a function of its cultural, economic as well as ecological
value. A further interpretation of this is that water resource is not just an
anchor to man but it also provides an invaluable support system to the
ecosystem which is also of fundamental importance to humans environmetal
needs for survival.

Water requirement in peri-urban areas depends largely on the types
and volume of activities going on within them. Based on the categorisation
of peri-urban areas by Douglas (2006), it could be an area for the poor,
for industry, for the middle class, for local government, for conservationists,
for education and human well-being. This therefore suggests that water in
the peri-urban areas could be required for domestic, commercial, industrial
as well as ecological and cultural purposes; this information can also be
obtained via a socio-economic survey as suggested by them Indian Institute
of Technology (2012). Further information like the volume of each activity,
the volume of water needed, etc. will be most useful to plan for water
infrastructure using the concept of carrying capacity as a guiding principle.

Healthcare Provision

Healthcare provision in the peri-urban areas is mostly characterised by
private care provision which in most cases is expensive and not always
efficient (Bachmann, 1994). Where government-provided healthcare
infrastructure exists, they are primary healthcare centres which are not
often commensurate to the community population or the population of
people requiring healthcare. Healthcare is required on a daily basis and
may vary from maternity to paediatrics, to general medicine to emergencies,
etc. with frequency based largely on the population of the host community.
Itis not out of place to state here that government healthcare provision in
the peri-urban areas is insufficient hence the available ones are subject to
immense pressure which in the end affects the quality of service they render
to the patients who require it. Standard medical practice indices like:
doctor-patient quota, doctor-nurse quota, available diagnostic equipment
etc. are outright indicators of the failure in the Nigerian health sector and
the situation is no different in the peri-urban centres. All these quota and
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indices have standards which are necessary for efficient delivery of
healthcare services. For instance, Olawale and Orogun (2017) stated that
WHO standard is one doctor to 600 patients but what is obtainable in
Nigeria is one doctor to 6,000 patients.

Electricity

This is another recurrent problem in Nigeria and as always, the situation is
worse in peri-urban areas. The state of electricity provision in Nigeria is
nothing but extremely poor while attempts to corrected this provision has
remained a constant failure recorded by different governments. The
challenge with electricity is one that affects other arcas of people’s life
which means that electricity affects people economically, socially, politically,
educationally and also have implications for the healthcare sector amongst
others (Simcock and Mullen, 2016). Itis therefore not surprising that the
state of electricity in peri-urban areas is nothing but shambolic as high-
brow areas are no better off, Electricity in Nigeria suffers from the following
and by extension, the problems are also manifest in peri-urban areas:
Obsolete power infrastructure; Insufficient manpower; Technological
deficiency; Corruption; Low power generation; Institutional gridlock
(Generation, distribution and Transmission debacle. ) etc.

Carrying capacity should not be underestimated in addressing the
above stated issues. Similarly, other challenges such as technological
deficiency, insufficient manpower, and obsolete infrastructures can be
managed via the carrying capacity concept.

Factors Affecting Infrastructural Carrying C apacity in Peri-Urban

Areas

These are factors that have implications which could either be positive or

negative for the peri-urban areas and they include:

i Environmental degradation: FAO described ecosystem degradation
as an antagonistic interaction which occurs when the output of one
activity degrades resources or modifies the environment in a way that
harms another activity. Environmental degradation shrinks carrying
capacity; overworking its elements of regulation as it has to cope
with the spate of natural and manmade negativities which may break
itsresilience.
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iil.

v.

Population: The peri-urban area is an area that holds a sizable
population of people who relocate to the area because of their inability
to cope with pressures of the urban centre notably the
accommodation rents hence the population density in the peri-urban
area is usually much. This in most cases is not healthy for the
environment and the available resources such as the available
infrastructure as the population of the people being serviced by the
infrastructure usually overshadows its carrying capacity.

Improved technology: This is more ofa positive factor that may affect
infrastructural carrying capacity. Technology is technical progress
which may include the discovery of a better way (process) of doing
something to yield a more productive result. It may be the discovery
of newer products, ideas which may positively impact the construction
of an infrastructure especially as it concerns its ability to accommodate
more pressure or enhance its durability. In the construction industry
for instance; newer materials that are more resilient, resistant and
have more weight handling ability may be discovered and deployed
in the construction process.

Regulatory factors: This may be the introduction of policies
intentionally by the government to checkmate an anomaly. Such an
anomaly may be infrastructural decay in the peri-urban areas. Such
factors may be used to keep the population size at equilibrium; a
notable policy of this nature was that of the Chinese government to
regulate their population by enforcing the one child per family policy
until it was recently rescinded. Regulatory policies may therefore be
used in peri-urban areas though it will need constant monitoring to
ensure conformity.

Increasing stock of resources: This implies that provision should be
made to make additional resources required available in areas where
they are needed. This may work in peri-urban areas in the aspect of
the infrastructure required for the day-to-day activities. For instance,
household generation of electricity from efficient photovoltaic solar
panels will reduce the burden of electricity provision by government.
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Carrying Capacity and Infrastructural Provision in Nigerian Peri-

Urban Areas

Urbanisation is the outcome of social, economic and political developments

that lead to urban concentration and growth of large cities, changes in land

use and transformation from a rural to metropolitan pattern of organisation

and governance (Akunnaya and Adedapo, 201 4). As at 2005, 40% of

Africa’s population lived in urban areas and by 2011, 12 ofthe 15 largest

urban areas in the world were in low-and middle-income countries (Muggah

and Frate, 2007; UN, 2011). In 2016, an estimated 54.5% of the world’s

population lived in urban areas and by 2030 the figure is projected to rise

to 60% (UN, 2016). Generally, factors such as population dynamics,

economic growth, legislative designation of new urban centres and increase

in the density of rural trading centres are responsible for urbanisation

(Akunnaya and Adedapo, 2014). In low- and middle-income countries,

megacities are characterized by the following amongst others (UN, 2011):

i, Uncoordinated urban development and services

i.  Unplanned street patterns

ii. Poor governance and political resistance to decentralisation,
accountability and transparency

v. Informal systems of neighbourhood governance

Large pockets of poverty

Substantial inequality in income

High levels of pollution

High levels of migration

Large informal sectors

bt e

g g RS

Governments in the developing countries are seemingly overwhelmed by
this rapid rate of urbanisation with less provision of infrastructure for the
increasing population (Ibem, 2009). As a result, rural areas, farmlands,
country sides, vegetations amongst others are converted into urban sprawls,
with an upsurge in economic growth (Indian Institute of Technology, 2012).
The process of urbanisation seems inevitable as cities and towns are growing
exponentially with increasing demand for urban area. The urban areas are
the entities which have great potential of exceeding the local carrying
capacity because they require enormous concentrations of food, water,
and materials in a small area. The concentration requirements may go far
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beyond the level provided by the local carrying capacity. As urban areas
continue to expand, they transit into surrounding rural areas. This is what
brought about the concept of peri-urban areas. Even though it defies a
universal definition, it can safely be regarded as areas that are transition
zones between the clustered urban spaces and the rural areas. According
to Ravetz et al., (2013), urbanisation is one of the critical instigators of
peri-urban formation and these are driven by - demographic and social
dynamics; economic and employment growth; environmental dynamics
and constraints, and urban built structures and infrastructure.

[n addition, a high degree of consumption in urban areas is associated
with huge quantity of waste production and sewage which cannot be
properly assimilated within the local carrying capacity (Aspeslagh, 1994).
This likelihood of overshooting the local carrying capacity is not peculiar
to the urban centres only; the situation is also becoming common in the
peri-urban areas which is seen as the transition or interaction zones where
urban and rural activities are juxtaposed and landscape features are subject
to rapid modifications induced by human activities (Douglas, 2006). The
Decision Intelligence Document (2013) considers the peri-urban areas to
be the urban fringe; which are mostly transitional areas where people,
resources, and goods connect and move between rural and urban areas.
Owing to peri-urban areas because of their proximity to the urban areas
have first-hand experience of the multiple activities taking place within the
urban centres which in most cases places them at a disadvantage. Peri-
urban formation goes through a series of dynamics as identified by Ravetz
etal., (2013) including:

i, Urban expansion as a result of growth in population, economics and
space demands

i. Regional agglomerations formed with changes in economues of scale

ii. Political and cultural forces underlying developing agglomerations

iv. Rapid transition, radical change and restructuring, and

v.  Policy responses to transitions

An early recognition of peri-uban formation is critical if the sustainable use

of available resources in such areas are to be achieved. This means that

carrying capacity will be examined within the context of peri-urban

infrastructural needs.
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Akrofi & Whittal (2011) described infrastructure as a broad concept
that includes public investment in physical assets and social services.
Infrastructural development tends to be high-cost investments inclined;
however, it is vital to a country’s economic development and prosperity.
Provision of infrastructure for basic services is vital for the growth and
development of peri-urban areas where the spill over effects of activities
in the urban centres are usually obvious and mostly negative. Some of the
sprawling effects induced by the proximity of peri-urban areas to urban
areas were captured by Cofie and Amerasinghe (2012) and they include:
Pressure on available land and water resources; constantly changing
environment; large concentration of low to middle income earners; often
used as dump sites for urban wastes; receives storm and waste water
from the city.

Infrastructure requirements in the peri-urban areas are no different
from that of the urban centres and vary from roads to water, healthcare
facilities to waste disposal facilities, to electricity to educational infrastructure
amongst others. The difference however is the fact that growth and
development in the Nigerian peri-urban areas is usually unmonitored and
the true picture of the activities is not often captured. The reality is that the
magnitude of activities within the peri-urban centres far outweighs the
infrastructural provision. This implies that activities (economic, social,
educational, commercial. etc.) are more than the expected volume hence
the available infrastructure catering for the teeming population of people
are usually and always overworked and damaged sooner than due if such
infrastructural facilities are not over-streched. This is where the concept
of carrying capacity comes in handy. Infrastructure capacity level according
to Aspeslagh (1994) involves the evaluation of the growth and development
ofalocality on the basis of its infrastructural development. Here the intensity
and pattern of resource usage is estimated for the development of
infrastructure like, water supply system, sewage system, transportation
system, waste disposal system, etc. This means that infrastructural growth
and development will be on the basis of analytical evaluation carried out
to determine how much of an infrastructure is required to service a specific
area.

As a case study on the realities of peri-urban areas in Nigeria, the
work of Lawanson er al. (2012) was reviewed. They evaluated the
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challenges of peri-urban settlements around Lagos Mega-city and noted
that peri-urban areas such as Mowe, Ibafo, and Ofada are already under
heavy and intense pressure of physical growth with very few indicators of
real development. They observed the phenomenal increase in the
population of these settlements over time due to massive relocation of
residents from - Lagos Megacity where about 76.6% of the people moved
in from Lagos and about 89.8% of this group moved in less than 10 years
ago. Factors such as cheaper land, cheaper rent, social engagements and
cultural interactions, political affiliations nearness to Lagos and nearness
to work place were identified as reasons for moving to these settlements.
With regards to transportation networks, they found that a large number
of people living in the peri-urban settlements were found to be working in
Lagos Mega-City and commuting to Lagos Mega-City on a daily basis
(about 96.3% with about 64% of this group doing so for an employment
purpose only. This was considered to be a major factor accounting for the
increase in traffic volume and hence traffic congestion along the highway.
The value of land and house rent in the peri urban settlements was also
found to have risen sharply especially between the last 10 and 15 years.

5. Conclusion and Recommendations for Policy
The growth patterns in Lagos peri-urban areas are identical in many respects
to those observed in large cities across the world with regard to the types
of economic and commercial activities that are most dynamic (Kennedy,
2007). Arrow et al. (1995) commented that carrying capacity is not static
but is based on the complex relation of preferences, application of
technology and patterns of production and consumption. Also, carrying
capacity is contingent on the state of interactions of the biotic and abiotic
environment. However, the importance of carrying capacity as a concept
that could be adopted to ensure infrastructural sustainability is also
subjected to policies and the implementation of basic components of any
country’s system (Ayeni and Olorunfemi, 2014; Ayeni, 2019). Policy refers
to the commitment of people or organisation to the laws, regulations, and
other issues governing a nation or group of people (Fashagba and Ayeni,
2018; Ayeni, 2019).

The implementation of policies, laws, regulations and programmes
through organisations or groups of individuals enhances the benefits of
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polices and programmes and adds value to policy as well as making the
policy’s results and responses more effective and stronger. In Nigeria for
example, environmental policy provides a cohesive and comprehensive
framework (plans and programmes) for government at all levels to identify
significant aspects and manage its environment (UNEP-IETC, 2004; Ayeni,
2019). Policy is a widely used concept, not only in the academic literature
but in policy-making documents, international discussions, as well as in
local debates when considering issues dealing with decision making to
achieve sustainable infrastructural development (Fashagba and Aveni,
2018; Ayeni, 2019). Infrastructural development, economic growth, and
climate protection are intimately related. Infrastructure is a key driver of
economic growth and development. In the current context of increasing
concerns about prospects for global growth, infrastructural investment
can play an especially important role, by boosting global aggregate demand
today and laying stronger foundations for future growth. Infrastructure is
also a key element of the climate change agenda. Done badly, it is a major
part of the problem; infrastructure accounts for more than half of global
carbon emissions. Done right, it is a major part of the solution, vital to
both climate change mitigation and adaptation.

Policy has a central role to play in the agenda to promote sustainable
peri-urban development through the provision of better infrastructure
(Sutherland ef al., 2011; Mulugeta, 2013). More importantly, policy
provides gestures and sets the regulatory and institutional frameworks
that influence the actions public and private investors to play amuch better
role in the infrastructure challenge, private investment and finance (Crihfield
and McGuir, 1997;). Governments at all levels need to express clear and
comprehensive strategies for sustainable infrastructure and incorporate
them in policy and programme development for sustainable peri-urban
growth and development (Crihfield and McGuir, 1997; Sutherland et al.
2011; Mulugeta, 2013). There is a need to address policy and programme
failures and other constraints to sustainable peri-urban infrastructure
development. Sustainable peri-urban infrastructure is also important for
governments to reflect and integrate their overall national development
strategies (Crihfield and McGuir, 1997; Mulugeta, 2013).

Enhancing sustainable peri-urban infrastructure with the quality needed
will require improvements in the policy and institutional framework needed
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to strengthen planning and management capacities to build and implement
a stronger infrastructural project (Crihfield and McGuir, 1997; Sutherland
etal., 2011; Mulugeta, 2013). This are particularly imperative to developing
countries, but with limited need. More so, countries need to improve the
policy regulation and institutional framework for public and private
participation in infrastructure provision and development for the peri-urban
population. Sustainable peri-urban infrastructure may likely face financing
challenges that will require the strong and combined efforts of all
stakeholders to finance through improved and innovative technologies.
Finance specifically aimed at promoting sustainability and more importantly
used to increase ways of leveraging access to infrastructural resources is
imperative. Finally, government at all levels will take a leading role as an
investor in financing sustainable peri-urban infrastructure especially such
infrastructure in developing countries (Crihfield and McGuir, 1997,
Sutherland ef al., 2011; Mulugeta, 2013).

The emergence of peri-urban has been on the increase in both the
developing and developed world as a result of rapid urbanisation and
other factors which include but are not limited to crippled domestic food
distribution systems, increasing demands for fresh food in urban areas,
limited urban land-use regulations rising unemployment, declining
purchasing power. This shows that there is at present little opportunity for
capacity-building or sustained behaviour changes, which is considered to
be critical for peri-urban infrastructure development, planning processes
and sustainability (Budds and Minaya, 1999; Albert and Haaren, 2017).

In conclusion, the concept of carrying capacity is of immense
importance to professionals and decision makers in the private and public
domain. A sound knowledge of the concept and proper application will
definitely help in achieving availability, accessibility and sustainability of
resources. Estimating carrying capacity is no doubt still a daunting task,
however there are lots of methods which will fit a particular resource of
interest than others and the advent of computer-based applications in its
use for estimation means that the use of the concept is now ripe and should
be used for sound planning to achieve the better management and
sustainability of man’s environmental resources.
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