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PREFACE

In the past few years, geographers and scholars in related disciplines
have been writing papers on climate change, and its effects on people at
various local, regional and international fora. However, the retirement
of Professor Olusegun Ekanade from the Department of Geography,
Obafemi Awolowo University, Ile-Ife, Nigeria affords scholars the
opportunity to celebrate the erudite biogeographer by holding a
National Colloquium on Environmental Research and Challenges of
Sustainable Development in Nigeria. The collection of papers in this
book results from the scholars' concerns with space applications and the
environment. ' et

Imageries from space rightly started with the flying of airphotos which
were developed and applied to telling effects during the 2" World War.
However, after the war, airphotos were flown extensively in Europe
and North America for various purposes but largely to produce
topographic maps. Nigeria was covered by airphoto in 1962 with the aid
of the Canadian Government, and this led to the production of the
1:50,000 topographic maps of the country. However, possibly due to its
small coverage and lack of wide perspective, airphotos have been
supplanted by imageries procured from space. The race for space started
in mid 1950s, but became lightened when the Russian scientists put a
man, Yuri Gagarin, in earth's orbit in 1958. NASA accepted the
challenge and landed man on the moon in 1967. The most important
benefit of this exploration as far as geographers and scholars in other
disciplines are concerned is the availability of the imageries of the earth
procured from space. NASA started the procurement of such imageries
in early 1970s when LANDSAT 1 was produced. Since then, several
more LANDSATS have been produced while other countries produced
earth imageries at various resolutions. The NigeriaSat-1 has a resolution
of 30 m. Availability of satellites led to the establishment of Institutes
fortheapplication of such imageries.
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The concern for the environment is long standing. When human beings
were few: less than 10 million on the surface of the earth, they were
mainly concerned with primary activities such as hunting, farming and
fishing. The activities were neither harmful to the people nor to the
earth. However, by the time the human population reached 5 billion
almost all the natural vegetation units have disappeared. For their
industries and means of locomotion, they depend on burning fossil fuel
with its implications for atmospheric pollution through massive
injection of CO,, CH,, NO,, CFC and other noxious substances. These
greenhouse (GHGs) have raised the temperature of the atmosphere over
the earth surface with implication for rather erratic pattern of rainfall all
over the earth's surface - drought in hitherto wet areas, and floods both
in wet and semi-arid areas.

A serious environmental problem, at least, in less developed countries
such as Nigeria is waste management which to say the least is
extraordinarily inept. As governments at both the local and state levels
have failed to attend to this problem, people in many cities simply dump
wastes in river channels and with the incapacitation of the channels,
even light rains can cause severe flooding of the cities.

The unifying theme in this book is the Application of space imageries
for mapping and assessment of environmental problems as they pertain
to climate change, and its effects on the environment, waste
management at the municipal level and environmental degradation.

The book is in 7 subthemes. Subtheme 1 focuses on application of
satellite and Geographic Information System (GIS) to solve
environmental problems. In subtheme 1, Orimoogunje and Gadiga
applied satellite imageries to assess riparian vegetation in Adamawa
between 1975 and 2006 while Ayeni and Soneye used the satellite
imageries to assess the population of the people having access to potable
water in Akoko N.E communities. Olawole and Aloba, based on high
resolution satellite imageries and GIS techniques, show the merits of
applying geoinformation to generate road network data while
Oyinloye, using time series imageries, examined the growth of Akure
and its implications on the direction of growth. Ajibola et al. revealed
that remotely sensed data is a veritable avenue for modelling mangrove
forest recovery from the impact of crude oil spillage in the Niger Delta,
Nigeria.
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Preface VII

Subtheme 2 is on climate change — vulnerability, adaptation strategies
and mitigation option for the country. Based on temperature and
rainfall data for 1901-2009, Efe was able to establish decline in rainfall of
163 mm and a rise in temperature of 1.30°C while Odjugo with rainfall
and temperature data of 1948 - 2007 showed upward warming and
rainfall decline both in quantity and pattern all over the country.
Eugenia Kafanabo established that data and other evidence indicate
climate change in a part of Tanzania, rainfall pattern changed; becoming
more unpredictable while the amount declined. Adeniji-Olukoi and
Afolabi examined the factors contributing to the adaptive capacity of
women during climate change vulnerability in the Oke-Ogun region of
Oyo State. Olajide et. al., tested climate change perception among
students in the Obafemi Awolowo University, Ile-Ife and found that
while 98% know the term, most don't know the causes. Finally,
Olorunfemi and Onwuemele examined susceptibility of the Deltans to
adverse environmental change. They further examined linkages with
climate change and existing vulnerability situation.

Subtheme 3 is on health and socio-economic aspects of sustainable
development. Aremu and Agbaje evaluated reproductive health
outcomes and family economic status in Ile-Ife and suggested that key
actions were needed to improve reproductive health outcomes by
women empowerment, especially through education which enhanced
sustainable development in Nigeria. Fadeyibi examined the endemicity
of environmental unfriendly activities of developing countries
especially Nigeria and how these problems may affect attaining the
MDGs in Nigeria. Adeyemo raised issues on the use of drugs in fishery
and the associated emergence of antibiotic resistance where aquaculture
industry has effects on both environment and man.

Subtheme 4 is on environmental education and awareness. Adeofun et
4. assessed the environmental awareness of students in secondary and
tertiary institutions in Abeokuta; concluding that while most students
were unaware those from private school were. Falade et 4/. found that
ignorance of environmental enlightenment among residents on flood
plain was responsible for repeated flooding by the residents in Ondo.
Raheem et al. argued that if truly language was a vehicle through which
information is made possible, and through which people could be
reached and mobilised for mass involvement and mobilisation, then
indigenous languages would serve better in creating awareness through
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environmental education and enlightening campaigns in solving
environmental problems.

Subtheme 5 deals with biogeography and rural environmental
management. Bamigboye and Salami examined the role of
Mycorrhizal fungi as potential agent of improving biodiversity locally
while Olukoi ez al.,, examined the issue of vegetation fragmentation
between 1986 and 2006 in Central Region of Benin Republic. Fasona er
al., integrated present and projected future rainfall together with the
local eco-geographical factors to predict the vegetation in the current
forest and savanna between 2046 and 2065. Adeoye assessed the effects
of climatic variability and human activities on biodiversity loss with a
view to investigating the disparities between current and past
biodiversity inherent in Ondo West local government area of Ondo
State. Adewole and Igberaese discussed growth, yield and sensory
properties of organically produced Amarantbus bybridus Linn. Abiola
and Ekanade evaluated the slope soil system, genetic and geological
time scale variation of stone lines occurrence in Odo-Ofun area of
Lseyin in Oyo State and concluded that stone lines were not only
formed at this present climate but they were still under the influence of
current pedogenesis.

Subtheme 6 considers urbanization, waste management and
environmental degradation. Akoteyon and Omotayo examined
some physico-chemical properties of water in Ikorodu and concluded
that urban and industrial activities strongly affected the water quality.
Oladipo ez al. postulated an overview of waste management in Nigeria
with emphasis on the dystunctionality of its management in Nigerian
cities. They advocated enforcement of existing laws and
encouragement minimization and recycling. Okoyaeral. examined the
characterization and physico-chemical analyses of the solid wastes
generated at Obafemi Awolowo University, Ile-Ife with a view to
establishing waste composition for possible waste management
strategies. Femi Olokesusi and Abideen raised the issue of composting
organic municipal waste as a disposal method, also to assist
environmental sustainability. Oluwole assessed the status of
community participation in environmental management in the
country and pointed out that the application of legislation had not
worked. Oyinloye and Adesina observed the failure of Ibadan
municipal authorities to efficiently dispose solid waste in the town and




Preface IX

showed how the application of digital imageries and GIS could help to
solve the problem. Orimoogunje and Akinwumiju examined the
hydro-geological characteristics of deep wells on the cretaceous
sediments of the Niger Delta area, Nigeria with a view to identifying
their implication for groundwater management and concluded that for
an efficient management of underground water and sustainable
availability by people in the study area an adequate knowledge of the
hydrogeology was highly essential. Orakwe, et 4l examined the
characterization of gully erosion along Enugu-Onitsha expressway and
advocated the inclusion of erosion control measures in highway
projects while Adewumi, ez 4, investigated geotechnical properties
that favoured gully formations along enugu-Onitsha expressway and
concluded that both engineering and ecological interventions were
needed to control the problem of gully erosion.

Subtheme 7 concludes on environmental regulation and compliance
monitoring. Aladesanmi et al, reviewed the concept of eco-
conservation with example of the pulp paper industry and showed the
key factors running industrial establishment and discussed a formal
rational regulatory framework to tackle the issue of negative
environmental impact. Gasu and Gasu examined the nexus between
environment and development as related to sustainable development
illustrating with South Africa. Oke and Sussane assessed the
environmental enforcement and business compliance in Nothingham,

United Kingdom.

Given the comprehensive manner in which the nexus among the
application of space imageries to assess environmental problems and
the practical and simple ways the issue of climate change and the local
environmental problem were treated, this book would be an invaluable
resource to undergraduate and even graduate students in the
Universities and consultants interested in all the major subthemes

addressed in the book.

Prof.L.K. Jeje
Dept of Geography, Obafemi Awolowo, Ile-Ife, Nigeria.
September, 2011.
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ABSTRACT
Erratic space and time distribution of rainfall coupled with increase in temperature

means less water. The water footprint, therefore, will be critical for future
development in dry and semi-dry areas where survival for large population
depends on rainfed agriculture and the natural resource stock. This study
investigates the linkage between water footprint and land system changes. Present
and projected future rainfall and temperature data were integrated with local eco-
geographical factors and subjected to principal component analysis (PCA) 1o
decipher the present and future pattern of water footprint. These integrated
dataset was also analyzed to build change drivers which were applied to satellite
image derived land-cover maps to project future land-cover pattern under both
present and future climate scenario using Idrisi's dynamic CA Markov land
change model. The results suggest the emerging and future spatial pattern of
ecosystems, agricultural land-use and agrarian settlements will largely follow the
water footprint. Under future climate scenario (2046-2065) galleria forest - a
signature of the drier savannah - is projected to dominate much of the presently
forested landscapes and this will correspondingly shift the water footprint and thus
alter the spatial and temporal pattern of agricultural land-use and settlement

locations.

INTRODUCTION

The relationship between climate and terrestrial ecosystems is
characterized by a two-way feedback. Change in land-cover has strong
effect on the climate system and change in the system also has the
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potential to alter the pattern of land-cover across space and time. While
a change in land-cover may strongly influence the pattern of rainfall,
evapotranspiration and temperature, ecosystems changes on a broader
scale such as transition of woodlands or deciduous forests to grasslands
and pastures, or grassland to bare surface may result from a change in
the climate system. While much is now known about the possible
impacts of ecosystem changes on the climate system (Wang and Eltahir,
2000; Taylor et al., 2002; Afiesimama et al., 2006; Pielke et al., 2007;
Abiodun et al., 2008; MacKellar et L., 2009), the potential of the climate
system to influence patterns of ecosystem changes across space and time
has not received considerable attention. The latter part needs to be
better understood in the context of today's requirements for place-
based and context-specific adaptation measures.

Longterm climate patterns may well exert some control over
vegetation type and canopy structure. In particular, rainfall and
temperature changes strongly influence the presence and distribution
of specific ecosystems, plant species and patterns of natural resource
systems (Solomon et al., 2007; German Advisory Council on Climate
Change, 2008). These changes could also trigger the spatial
reorganization of both agrarian land-use and settlement systems and
access to livelihoods in poor societies that rely on raindfed agriculture
and natural resource stock. Long term rainfall signals have already
become more erratic in space and time distribution in the arid and semi-
arid regions of West Africa, including the Nigerian savannah
(Nicholson, 2000; Afiesimama et /., 2006; Abiodun et al., 2008), yeta
large population depends on small holder, rainfed agricultural systems.
Thus, the water footprint may become more critical in defining the
future pattern of settlements and trajectory of agrarian land-uses.

According to Hewitson and Crane, 2006, a degree of local forcing that
varies by region and season often complement synoptic-scale forcing to
influence the local climate. Local perturbationsincluding terrain, land-
cover, and land-water boundary often exert strong influence on the
local climate and create water footprint that support the natural
resource capita on which livelihoods of rural population thrive.
Rainfall is a critical limiting factor of human activity in the savannah
and prolonged change in its quantity and regime is an index of climatic
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variability and change. Monsoonal wind and the mesoscale convective
process (MCS) are the dominant rain producing forces over the region.
The MCS relies on the complexity in terrain and land-cover to
propagate and accounts for over 75% of rainfall received in the West
Africa savannah (Omotosho and Abiodun, 2007). The relatively
coarse resolution of global and regional climate models often mask
large differentials in local forcing and local scale circulation and
perturbation which are critical for local water footprint.

The focus of this study is to investigate local climate induced water
footprint and its potential to define the pattern and trajectory of
ecosystems change, agricultural land-use and settlement systems across
space and time. Understanding this relationship could be critical for
designing climate change mitigation and adaptation measures at local
levels.

MATERIALS AND METHOD

Regional setting
The study area is roughly defined by Latitudes 8° to 9°15' North and

Longitudes 3°50" to 5°50" East. It covers about 40,000km” in western
Nigeria, extending from the border with Benin Republic in the west to
the Niger floodplains in central Nigeria covering parts of Oyo, Kwara,
Kogi, Niger, Ekiti and Osun States (Fig.1).
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Fig. 1: Study area and observation stations
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The study area is characterized by the wooded savannah vegetation and
lies in the transitional zone between the southern rainforest and the

northern grassland savannah. Average elevation is about 300 m but with
outcrops rising above 500 m in the eastern axis. Vegetation consists of
mixture of trees and grasses, as well as moist peri-forest mixed with

savannah of anthropic degradation and patchy landscape (Hoffmann

and Jackson, 2000; Bucini and Lambin, 2002). Generally, the area is

characterized by a sab-humid Koppen's Aw climate (Kottek et al., 2006).

Annual rainfall is between 900 mm and 1300 mm and the mean

maximum temperature range between 28°C and 36'C with peak
temperature occurring at February and March. The southern part
shares the bimodal rainfall pattern of the southern rainforest belr with
peaks in mid June to July and September. The highest monthly rainfall
occurs in September as opposed to July for the rainforest belt.

Population density is high and poverty-environment linkage is
very strong. The study area is important for root, tuber and cereal
cultivation. Intense land-use pressure has increased the frequency of
savannah fire, forest conversion to agricultural land, and incursions
into marginal lands. Uncontrolled harvesting of trees for fuel-wood
and charcoal are important livelihood activities (Akinbami ez al. 2003).
Due to its large pasture undergrowth, the study area has in recent years
become important for extensive grazing for migrating pastoralists. This
has increased the frequency of land resource conflict (Fasona and
Omojola, 2005; Obioha, 2008; Adisaand Adekunle, 2010).

DATA UTILISED

Satellite imagery and terrain data
Six georeferenced and orthorectified Landsat scenes (p190r054 of 15

November 1986, p191r054 of 27 December 1990, p190r054 of 13
November 2000, p191r054 of 06 February 2000, p190r054 of 14
November 2006, and p191r054 of 18 November 2005) were accessed
from Landsat Geocover datasets (www.landcover.org/data/). Terrain

derivatives, including slope, aspect, contours, and spot heights, were
generated from Shuttle Radar Topography Mission (SRTM) three-arc-
second digital elevation model data. Present and future climate
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Data for historical daily rainfall and maximum temperature (Tmax) for
12 climatic stations around the study area and adjacent stations in Benin
Republic were acquired from the archives of the Nigerian
Meteorological Agency (NIMET) and the portal of the Climate
Systems Analysis Group (CSAG), University of Cape Town
(www.csag.uct.ac.za) respectively. Statistical downscaling of the data
was carried out by CSAG. The statistical downscaling technique
employed matching of GCM data with self organized map (SOM)
characterization of atmospheric states and was forced by an SRES A2
emissions scenario (Hewitson and Crane 2006). The driving GCMs
employed were adopted from the Coupled Model Intercomparison
Project Phase Three (CMIP3) archive (http://www.pcmdillnl.cov/
projects/cmip/Table.php), which makes statistical downscaling
possible only for the non-seamless periods of 2046-2065 (near future)
and 2081-2100 (far future). The statistical downscaling reproduced the
observational data and produced both near-future and farfuture
projections for 10 GCMs and NCEP reanalysis. A comparability study
of GCMs carried out by Cook and Vizy (2006) suggested that the
Japanese MRI CGCM 2.3.2 model provides the most reliable
simulation of the twenty-first century climate over West Africa. The
downscaled data from MRI CGCM was adopted for input into the
PCA and land modeling analysis.

Other datasets used include the 1:650,000 soil data produced by the
Soils Survey Division of the Nigerian Ministry of Agriculture and
Natural Resources and the 1:250,000 Vegetation and Land use data
produced in 1995/96 by the Forestry Resources Mapping, Evaluation
and Coordination Unit (FORMECU) of the same Ministry.
Population data were obtained from the archive of the Nigerian
National Bureau of Statistics.

Procedure
Framework
The Landsat images were subjected to band compositing using Idrisi®

Taiga software (www.clarklabs.org). A land-cover classification
schema derived from the USGS land-use/land-cover (LULC) schema
(Anderson er al. 1976) was used. The maximum likelihood
(MAXLIKE) classification algorithm was adopted because the training
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sites were well defined with large sample sizes. Refinement and
modification of the classification outputs led to a reduction of the initial
25 categories to a final 13 categories. The output was subjected to a
Markovian probability estimator to generate conditional probabilities
for the prediction of future land-cover change. Change drivers,
including present and future rainfall, Tmax, soil potential for
agriculture, protected area, population density, contour, slope, and
aspect were used as factor inputs to build composite change suitability
maps using multi-criteria analysis. The combination of the suitability
maps and land-cover-derived Markov conditional probability maps
were the input for the Cellular Automata-Markov (CA-Markov)
model. The change drivers were also processed into gridded derivatives
which were integrated into a common GIS database for collocation
analysis. The output from the gridded derivatives was exported in
ASCII text to statistical software and subjected to principal component
analysis (PCA). The seasonal correlations and principal factors were
generated and the result was imported back to GIS for spatial
interpolation to derive PCA maps (Fig 2).
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Model description and experimental set-up for land change
projection

Deriving Markovian transition areas and conditional robability

Land change models attempt to couple socio-ecol{;gical systems and
thus require spatial explicitness. LULC change could be regarded as a
stochastic process, with the different categories as the states of the chajpn
(Weng 2002). Land-cover in the wooded savannah is highly
heterogeneous, and the land-use system is complex; thus LULC change
tends to be compatible with first order Markovian dependency. The
CA-Markov model exhibits spatial explicitness, allows the use of
multiple categories, and can simulate the transition from ope category
to another. (Eastman 2009). It acquires predictive Power by combining
Markov conditional probabilities and transition areas for each category
with suitability maps for each category. CA-Markov deals with
complications associated with competition in land-change among
different pixels by implementing a multiple objective land allocation
(MOLA) framework. The spatial explicitness property enables the
model to predict both the quantity and location of each category using
asuitability map for each transition that it extrapolates. At every time
step, it determines the number of pixels that must undergo each
transition, then selects the pixels according the largest suitability for the
Particular transition (Pontius and Malanson 2005; Eastman 2009).

CA-Markov accepts land-cover data from two time points (before and
present) as inputs and generates outputs that include transition ares
files, a transition probability matrix, and a set of conditional
probability maps, one for each land-cover category. The cellular
automata (CA) component of the model guides the transition
probabilities of one pixel to be a function of both the previous state and
the state of the local neighborhood, i.e., neighboring pixels. It also helps

processes in areas of high suitability proximate to existing areas (Hall e
al. 1995; Pontius and Schneider 2001; Pontius and Malanson 2005;
Eastman 2009).
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Preparation of suitability maps

The process of constructing the suitability maps involves the
conversion, transformation and integration of several raster and vector
data layers. The suitability maps were generated using the multi-criteria
evaluation (MCE) module of Idrisi® Taiga. These suitability maps
basically represent the integration of the driver maps. Each data layer
was standardized and converted into the integer format accepted by the
MCE module. The driver maps that defined the criteria in the MCE are
divided into factors and constraints. Factors are generally continuous
variables (including slope, aspect, elevation, rainfall, temperature) and
indicate the relative suitability of certain areas.

Table 1: Criteria for generating suitability maps in MCE
Code LULC Class Factors and score Constraints

1 Urban Elevation (0.6)+ slope (0.4) distance to water body and
protected areas
2 Woodland Mean annual rainfall (0.6)+ mean soil potential for agric
maximum temperature (0.4)
3 Forest Mean annual rainfall (0.4) + mean soil potential for agric

maximum temperature (0.4) + Elevation

02)
4 Shrub/grassland Aspect (0.6)+ mean maximum
temperature(0.4)
5 Wetland : Aspect (0.4)+ Mean annual rainfall (0.6)  mean maximum temperature
6 Cultivation /commercial Mean annual rainfall (0.6)+ mean soil potential for agric
agric maximum temperature (0.4)
7 Farmland/fallow/grazing Mean annual rainfall (0.6)+ mean distance to water body
area maximum temperature (0.4)
H Floodplain agric Mean annual rainfall (1) soil potential for agric
9 Water Mean annual rainfall (1) mean maximum temperature
10 Bare surface mean maximum temperature distance to water body
(0.4) +Elevation (0.4)+ aspect (0.2)
11 Alluvial Mean annual rainfall (1) slope
12 Burnt surface Mean maximum temperature (1) distance to water body

13 Cloud /shadow Mean annual rainfall (1)
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Fig 3: Suitability map for Class 3 (forest) under present (left) and
future (right) climates

Each factor represents a fraction of the total factor that drive the land-
cover category, the total weight point for all factors for that category is
therefore equal 1 The higher the factor weights, the greater their
influence on the final suitability maps. Constraints are Boolean (0 or 1)
and include criteria such as distance to water bodies, soil potential for
agriculture and protected areas. Constraints serve to exclude certain
areas from consideration in the competition for land-change for that -
category. Only 8 of the initial 13 defined criteria were used to genérate
the final suitability maps for the 13 LULC categories (Table 1 and Fig.
3); the others were eliminated for collinearity.

Model simulation
Each model run uses the suitability map collection with the basis land-

cover map (image-derived 2006 map), Markov transition areas file, and
conditional probability matrices to simulate future land-cover, placing
simulated change in cells that have the largest suitability values. If the
suitability map was perfect, the order of the suitability values would
match the order in which humans change the landscape, with the
largest suitability values being changed first (Hall e 4/. 1995; Pontius
and Schneider 2001). The model was run for 4 scenarios: 2006 to 2016,
with 10 iterations (1-year time-step); 2006 to 2026, with 20 iterations (1-
year time-step); 2006 to 2036, with 15 iterations (2-year time-step) and
2006 to 2046, with 20 iterations (2-year time-step). To validate the
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simulated results, we used the 1986 and 2000 land-cover maps for
initialization and then used the land-cover map of 2000 as the basis land-
cover and perform an additional run (2000 to 2006) with 12 iterations
(6-month time-step). For all model runs, the standard 5 x 5 contiguity
filter was used.

Within each time step, each land-cover class was considered in turn as a
host category. All other land-cover classes act as claimant classes and
compete for land (only within the host class) using the MOLA
procedure. The area requirements for each claimant class within each
host were equal to the total established by the transition area file
divided by the number of iterations. Whereas the demand for land by
different land-cover categories determines the overall competitive
capacity of each land-cover type, the location's suitability is a major
determinant of the competitive capacity of each land-cover type at a
specific location (Verburg, et al. 2007). We carried out two sets of
simulations i.e. under both present and future climate scenarios using
the present and future rainfall and maximum temperature as a driver
input into the MCE suitability images.

RESULTS AND DISCUSSIONS

PCA of the water footprint
Eighteen (18) variables (15 for future climate) were generated,

integrated and analyzed. The target is to identify the combination of
factors (i.e. factors coupled into systems) that have impacts on the local
climate. Tables 2 and 3 show the rotated (varimax with Kaiser
Normalization) results of component matrix generated through
correlation matrix for the present and future climates respectively.
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Table 2: Extracted principal components for present climate

Component

Variables 1 2 3 4 5 6

Aspect 129 -.116 220 -.138 621 -.287
Slope -.075 186 236 274 014 -534
Elevation -.818 -.018 292 .063 .059 .060
Population density -.168 234 -.062 .289 -.062 212
Soil potential for agric .099 .081 320 130 119 663
Distance to water -076  -.023 111 .534 -.017  .154
Protected areas 175 2857 =292 .503 -135  -.001
NDVI for 1986 -.210 -.001 770 156 -.059 -.026
NDVI for 2006 -.096 156 756 -.195 .018 041
Average Tmax for 1986 958 .033 -.045 .050 .028 .057
Average T'max for 2006 961 -.037  -.049 .087 -.007  .054
Average rainfall for 1986 125 931 .008 -.005 -.024 -.019
Average rainfall for 2006 -.650 690  .069  -.045 .056 -.013
Disturbance index for 1986  -.162  -.063  -.030 .097 J60 292
Disturbance index for 2006 05512005 126 642 by TN i
Forested areas in 1986 .001 -.090 465 -.176 -.660 -.019
Forested areas in 2006 -.121 -.058 393 -.681 -.070 136
Long-term mean rainfall -.048 915 .097 .007 -08C  .035

Table 3: Extracted principal components for future climate (2046-2065)

Component
Variables 1 2 3 4 5 6
Aspect -0.035 -0.094 0431 038 0052 0387
Slope 0.133 -0.150 -0.199 -0.208 -0.031 0.756
Elevation 0.823 -0.157 0.192 -0.197 -0.120 0.007
Population Density 0.151 -0.285 -0.286 -0.04% -0.197 -0.446
Soil potential for agriculture " 0005 -0.085 0010 0.172 -0.848 0.022
Distance to water 0.029 -0.387 -0.016 -0.376 -0317 -0.008
Protected area -0.241 0406 -0.504 -0.085 0.108 -0.039
Disturbance index for 1986 0.100 -0.535 0438 ‘ 0421 0152 -0.077
Disturbance index for 2006 0.182 0523 0217 0372 -0.110 0173
Forest area in 1986 0.112 0.640 -0.086 -0.482 -0.267 0.058
Forest area in 2006 0.295 0.654 0288 0.157 -0.243  0.005
Long term average rainfall 0746 -0.025 -0.518 0294 -0.035 0.108
Monthly average rainfall 0746 -0.026 0518 0294 -0.034 0.107
Long term average Tmax -0.867 '0.114 0292 0207 -0.169 0.093
Mean monthly Tmax 0.867 0.104 -0.283 0.209 -0.172 0.09

e




512 Environmental Research and Challenges of Sustainable Development in Nigeria

rainfall is received in August, the same time when 'the little-dry season’
pervades the southeast to northwest corridor. These feedbacks also
contrast the general notion of a regular rainfall gradient that decreases
with latitude in the Nigerian savannah.
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Fig 4: The annual average: Rain and Tmax sensitivity to terrain (a) Present
climate (-Elevation, -rain, + Tmax) (b) future climate (+Elevation, +rain, -Tmax)

This spatial pattern is projected to continue in future climate (Fig. 4)
but with diminishing influence. While the system is projected to
become pronounced in the highland areas located at the edge of the
rainforest zone in the southeast axis, its influence around the northwest
corridor especially in 'Okeogun' areas will diminish.

Projected LULC change from 2006 to 2046
Projected LULC from the iresent climate
The present climate for the wooded savannah is characterized by a

maximum temperature increase on the order of approximately
0.06°C/month/decade, with the years 1998 to 2006 (except 1999)
exhibiting continuously increasing maximum temperature anomalies.
Rainfall increased marginally by approximately 0.6
mm/month/decade. Table 4 shows a comparison of the percent
coverage of each land-cover category in 1986 and 2006 and their
projected coverage for 2016 to 2046 under the present climate scenario.
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Table 4: Percent coverage of current (1986 and 2006) and projected
(2016 to 2046) LULC under present climate scenario

Mapped Mapped

SN LULGC Class 1986 2006 2016 2026 2036 2046
1 Urban 0.80 1.45 2.82 3.93 4.82 5.36
2 Woodland 19.70 32.11 20.68 26.93 23.09 22.62
3  Forest 13.48 15.63 18.36 15.12 15.06  14.68
4 Shrub/grassland 3.27 12.95 21.55 2674 2721752720
5  Wetland 5.27 4.14 2.55 1.64 1‘9? PE1250

cultivation/commercial

6 agric 11.07 8.16 12.34 9.84 10.17 10.44
Farmland /fallow/grazing
7 area 32.61 16,79 8.21 4.80 6.89 6.79
8  Floodplain agric ° 4.16 5.63 6.81 4.38 3.51 3.61
9  Water 0.55 0.70 1.23 1.67 2.07 2.45
10 Bare surface 2.61 1.23 1.01 1.33 158 1.59
11 Alluvial 0.04 0.03 0.02 0.01 0.02 0.01
12 Burnt surface/fire scar 5.84 0.15 0.67 0.49 0.46 0.52
13 Cloud /shadow 0.61 1.04 3.74 315 327 322

Footprints associated with discontinuous small-holder, rain-fed
agriculture generally dominates the landscape in the wooded savannah
of Nigeria. This is consistent with the findings of Tiwari et /. (2010)
related to land-use dynamics in southern India. A comparison of the
1986 and 2006 LULC maps suggests significant recovery where the two
major canopy ecosystems -forests and woodlands - increased
considerably in 2006 compared to 1986. These are consistent with the
findings of Nicholson (2000); Stow et al. (2004) and Lauwaet et al.
(2009), which suggest that there was a progressive increase in rainfall
from late 1980s to the present and a concomitant increase in the
vegetation cover of the Sahel belt. However, the transition from
woodlands and fallow area to the shrub/grassland category was rapid,
which indicates t a significant human disturbance.

Under present climate scenario, built-up areas are projected to
experience a consistent increase from 1.45% of the area in 2006 to 5.4%
in 2046. Area under cultivation is projected to peak at approximately
12% in 2016 (compared to 8% in 2006) and then stabilize around 10%
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from 2026 to 2046. Unutilized farmland and fallow land is projected to
continue to decline with increases in the area under cultivation at any
given time and retain only 60% of its 2006 coverage by 2046.

The major canopy ecosystems are very sensitive to changes in climatic
parameters, especially rainfall. The overall percent coverage of forest is
projected to increase from 15.6% in 2006 to 18% in 2016, and then
remain stable at around 15% from 2025 to 2046. The coverage of
woodlands is projected to remain above 20% from 2006 to 2046. Some
transition from woodlands and fallow lands into forest is also
projected. The strongest gain with respect to transitions from one land-
cover category to another is projected for the shrub/grassland
category, which is expected to increase by approximately 110% over its
coverage in 2006, with contributions mainly from woodlands and
abandoned farm and fallow lands. Wetlands are projected to
consistently decline from approximately 1,650 km’ in 2006 to less than
600 km® in 2046. The area covered by water is also projected to
consistently increase, which suggests that water impoundments will
likely continue to increase in the near-future. Floodplain agriculture is
expected to peak at approximately 7% of the total area in 2016 and then
stabilize at approximately 4% from 2026 to 2046.

; “ =

Fig 5: Landsat image-derived LULC for 1986 (upper) and 2006 (lower)

e B
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The spatial pattern exhibited by the projected LULC changes presentsa
more interesting scenario. The projected LULC changes for 2016 to
2046 show an increase in the coverage of shrub/grassland in some
pocket areas around the northeast, central and southwest axes. These
are farmlands and fallow lands transitioning into shrub/grasslands. The
protected forest complex is projected to remain relatively undisturbed,
while mosaics of-forest and woodland will likely dominate the
southeast corridor. From 2006 to 2046, the built-up area is projected to
continue to increase. Significantly, the largest growth in built-up land is
projected for areas around the northwest to southwest corridor which
exhibits strong water footprint in the PCA analysis. In response to
increase in built-up area, additional cultivated areas are also projected to
emerge around this corridor, which reinforces the strong relationship
between agriculture and settlement in rural land use systems.

Fig 6: Projected LULC under the present climate scenario
in 2036 (upper), and 2046 (lower)

A

Projected LULC from the future climate
Future climate scenarios suggest a significant decline in rainfall

(approximately 4 mm/month/decade) and an increase
(0.02°C/month/decade) in the mean monthly maximum temperature.
Table 5 presents a comparison of the projected coverage (in percent) of
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the LULC categories, and Figure 7 portrays the spatial pattern of the
projected LULC under future climate scenarios. Forest is projected to
increase from 15.6% in 2006 to approximately 20% in 2016, then
decline to about 17% in 2026 and stabilizes at approximately 15% from
2036 to 2046. Compared to the present climate, the projected
percentages of forest coverage are expected to be slightly higher under
future climate scenarios. Additionally, the area covered by woodland is
expected to progressively increase from 15% in 2016 to 19% by 2046.
Again, this increase is slower than under the present climate scenario.

Table 5: Percent coverage of projected LULC for 2006-2046
under future climate scenario

SN LULC Class 2016 2026 2036 2046
1l Urban 2.84 3193 4.85 5.36
2 Woodland 15.26 16.57 16.74 19.41
3  Forest 19:91 16.66 15.32 14.66
4 Shrub/grassland 19:33 26.30 26.85 27.16
5 Wetland 251 1.61 2.12 1.67

Cultivation /commercial

6  agric 7.81 8.54 9.82 10.16
Farmland /fallow/grazing
7 area 21.49 16.57 13.20 10.20
8  Floodplain agric 3.86 3.24 3.69 3.60
9 Water 1.2 1.64 2.07 2.42
10 Bare surface 1.07 1.32 1.54 1.59
11 Alluvial 0.02 0.01 0.01 0.01
12 Burnt surface 0.74 0.49 0.53 0.52

13 Cloud /shadow 3.74 3:13 307 3.22
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Fig 7: Coverage (in percent) of LULC categories for real and
simulated maps for 2006

Moreover, the major difference between the simulated LULC pattern
under the present and future climate scenarios is clear from the spatial
pattern of the simulated LULC categories. Under the future climate
scenario, the forests would likely become more disturbed, with galleria
forest becoming the most significant forest type, and shrub and
grassland will also become much more widespread. Galleria forest and
widespread shrub/grassland generally typify the drier parts of the
Savannah. This suggests that under the future climate scenario, the
wooded savannah will likely become drier, and the vegetation pattern
may change dramatically. This is consistent with the reduction in the
water footprint expected under future climate scenario. The spatial
pattern of urban lands suggests that more settlements are projected to
emerge around the middle region, mainly along the Oyo, Ogbomosho,
Igbeti and Tlorin axis, compared to the western axis under present
climatic conditions. This is also consistent with the expected decline in
the spatial influence of the climate-orographic complex that controls
the local climate that will weaken the local system on the western axis
and reduce the water footprint under the future climate scenario. This
could partly explain why the expansion of existing settlements and the
emergence of new built-up areas may favour the middle region,
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especially at the edge of the protected areas, where wetter conditions
are projected to dominate under the future climate.

Model validation and calibration

With the 1986 and 2000 maps representing the basis land-cover, a map
for 2006 was simulated using a 6-month time-step. The kappa index
between the simulated and true maps for 2006 was computed. The areal
agreements between the real and simulated maps and their spatial
patterns were compared. The agreement in terms of quantity was good
and was almost equal for most of the categories. The essential features
of the area, including the large track of protected area, cultivated lands
around the northwest, water impoundments, river networks,
shrub/grasslands around the south-west, the floodplain of the Niger
River, and the mosaic of forests and woodlands around the southeast
were captured well. The greatest uncertainty is the confusion between
the woodland areas on the real map and the shrub/grassland areas on
the simulated map which led to very poor kappa index of 0.45. A lack of
field confirmation and accuracy assessments of the image-derived land-
cover maps may have contributed to this poor agreement. Another
possible explanation for this is the lack of an intermediate map (for the
1990s). Hence, the model might have difficulty capturing the abrupt
transition from the drought years of the 1980s to the relatively wet
years of the 2000s.

35.00 =TT

3000 A\ i — - ——
2500 how % N..\ .';' . ;— MMMMMM - - S e s
2000 = \ ' - =

1500 oo
10.00
5.00 -
0.00
-5.00

== Real_2006

-4« Projected 2006

Fig 7: Projected LULC under future climate scenarios in 2036
(upper) and 2046 (lower)
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The simulation results are projections based on the assumed climatic
scenarios; they represent a quantified visualization of qualitative
scenario descriptions. Uncertainty notwithstanding, they are
important as guide for decisions related to land management, nature
and biodiversity conservation, forest management and ecotourism,
which are critical for climate change mitigation and adaptation.

CONCLUSION

The main issue addressed in this study is that water footprint has the
potential to influence the patterns of land systems changes across space
and time in complex and heterogeneous agrarian landscape. Under
both present and future climate scenarios, built-up areas are projected
to experience a consistent increase. Rural to rural migration in search of
favourable agricultural land is expected to be significant, but the
resulting spatial pattern is projected to substantially follow the water
footprints created by the local climate. This may also present a
potential for increased resource-induced conflicts. There is also the
possibility of dramatic changes in vegetation patterns as the wooded
savannah becomes drier with galleria forest becoming the dominant
forest type. Therefore, measures to protect current forests and
woodlands are critical for sustaining present climate-ecology relations
and current water footprint.
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The concern forthe environment is long standing. When human beings were few, less than 10 million on the surface
of the earth, they were mainly concerned with primary activities such as hunting, farming and fishing. The activities
were neither harmful to the people nor to the earth. However, by the time the human population reached 5 billion,
almost all the natural vegetation units have disappeared. For their industries and means of locomotion, they
depend on burning fossil fuel with its implications for atmospheric pollution through massive injection of CO,, CH,,
NO,, CFC and other noxious substances. These greenhouse gases (GHGs) have raised the temperature of the
atmosphere over the earth surface with implications for rather erratic pattern of rainfall all over the earth's surface—
droughtin hitherto wet areas, and floods both in wet and semi-arid areas.
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Aserious environmental problem, at least, in less developed countries such as Nigeria is waste management, which
to say the least is extraordinarily inept. As governments at both the local and state levels have failed to attend tothis
problem, peaple in many cities simply dump wastes in river channels and with the incapacitation of the channels,
evenlight rains can cause severe flooding of the cities.

The unifying theme in this book is the application of space imageries for mapping and assessment of environmental
problems as they pertain to climate change, and its effects on the environment, waste management atthe municipal
level and environmental degradation. The collection of Ppapers in this book results from the scholars' concerns with
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