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ABSTRACT

The increasing cumulative effects of depletion of resources, variability in distribution of
rainfall and fluctuation in agricultural productivity have had drastic consequences on
livelihoods in Northern Nigeria through distortions in the quality of the biotic and abiotic
components in the zone. Though this process has been apparent since the 1969 -1973
Sahelian drought, its extent and actual impact on eco-climatic zonation was left
unascertained with obvious implications for general planning. To date, requisite data have
not been collated and analysed to document the current changes taking place in the climatic
characteristics in the belt. The present study was aimed at doing this for the first time. It
used rainfall and temperature data (1950-2006) to measure rainfall effectiveness
parameters; quality index, onset and cessation dates, hydrologic growing season (HGS) and
Aridity Index (AI) in addition to using National Oceanographic Atmospheric
Administration (NOAA) Advance Very High Resolution Radiometer (AVHRR) images to
derive a Soil Adjusted Vegetation Index (SAVI). These derived parameters were
summarized and ranked using numerical identifiers for the interpretation of the various
moisture situations to assess the eco-climatic characteristics in the zone. A multi-temporal
database was developed for the eco-climatic factors and classes were defined for each
factor using quantitative definitions for the respective time series. The point data were
transformed to spatial data X, Y, Z and a geo-reference base map for Northern Nigeria was
digitized. These were then subjected to spatial analysis. The result reveals variability in the
effect of each factor on eco-climatic zonation while confirming the long-held belief that
progressive aridity is evident in this belt despite recent increases in total annual rainfall
receipt. The results also confirm increased delay in rainfall onset, earlier cessation, shorter
HGS, poorer moisture quality and higher aridity in the belt. The quantitatively derived eco-
climatic index and related maps identified five eco-climatic zones; Wet, Humid, Sub-
humid, Dry Sub-humid and Semi/Arid as against, the three classic regional climatic zones;
Tropical Hinterland, Tropical Continental and High Plateaux zones. The eco-climatic maps
further unveil progressive transformation or southwards shifts in the boundaries of the
regional climatic zones; Tropical Continental North to Semi-arid/Arid and Dry Sub-humid
eco-climatic condition, Tropical Hinterland shows diversified levels of humidity; Dry sub-
humid, Sub-humid, Humid and Wet. By implication, the identified changes do suggest
shifts in regional circulation system, super-imposed on global patterns of variability. This
may point to the inevitability of episodic drought and crop failure in the belt. Thus, the
accurate delineation of the current eco-climatic zones is essential for providing adequate
information needed to achieve food security and sustainability of the physical environment.
It is recommended that long term multi-temporal images should be used to develop
composite data set for the identification of vegetation cover in the region and the study
should be extended to cover the entire country.
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Background of the Study

Desertification and food security have become issues of global concern. They are important

global issues because of their adverse impacts on the agricultural productivity, as well as
food sustainability. Desertification is generally considered a global problem (Earth summit
1992), is highly complex in nature and depicts a lasting damage to the environment. The
term desertification was first coined by a French scientist and explorer, Lovis Lawanden, in
1972. He affirmed desertification to be caused by a complex of-relationships involving
human impact on arid, semi-arid and dry sub-humid areas (www.thehuman-race.com, 25 /
02/07). The last internationally negotiated definition of desertification is “land degradation
of arid, semi-arid and dry sub-humid ecosystems resulvting‘from variety of causes including
human activities and climatic fluctuation” V(UNEP. 1992). It is‘ the ﬁbmnt degradation of
dry and sub humid lands leading to loss ‘of biodiversity and prodcctive capacity across the

globe.

‘.'D'esertiﬁcation is a problem of most areas across the globe particularly de'velopingr

3 _countnes, such as in Aﬁ1ca, Mlddle East, India, Pakistan, Chma, Brazil, and ‘some
: {developed nations: Austraha, s A, Greece Spam, and Portugal In Afnca, the rate of:"
. vegetation degradatlon is estimated at 21 rmlhon hectares per year w1th 6 million hectares
of land permanently lost to crop production; Africa is the most endangered, with a
population estimated to reach 1.5 billion by 2025, despite being currently hardly able to
feed 500 million (FAO). The West African Sahel has been described as the most aﬁ'ecred

region in the world, and that more than 100 million people are at risk from desertification
1




and 80% of countries affected by desertification are developing countries (UNEP, 1984). A
number of studies have also shown that desertification is a serious problem for millions of
Nigeria’s population and has caused much sickness, food insecurity, hunger, poverty,
famine and even migration (Adefolalu 1986a &b; Usman,. 2000; Adefolalu, 2003;and
Nicholson,2003;).The effect is already obvious in the repeated drought and crop failure that
had characterized Northern Nigeria in the recent past. In addition, projections suggest that
if the negative trends were to continue, the future food Security of poor countries is
threatened (El-Beltagy 1997; Eswaran et al. 1998a). Hence, there is need for immediate,

comprehensive and meaningful response.

Land degradation is a broad term used to denote diminution in land quality resulting from
biological, chemical and physicél alteration in land conditions following series of events
such as vegetation ciearahce, cropiaing, iﬁdustﬁal activiﬁés, mining, climate change etc.
Desertification is tilus an aspect of land degradation and it is a well-known fact that in
developing countries, environmental resources are the bac‘kbone of livelihood, hence the
need to understand and develop, quanﬁtaﬁvely, the knowledge of environments and their
_problems. Delineaﬁ§n of -_cunen_f eco — clunatlc zones using modern geospatial techniques
w111 provide accurate informatibn ‘on the state bf }thev enviro;)ment and could enhance

* agricultural productivity, quality of life and boost food security.

_Since 1960s, Northern Nigeria, particularly the Sudano-Sahelian belt which lies
approximately north of latitude 12°N in Nigeria, has been characterized by repeated
droughts due to variability, and distribution pattern of rainfall. The 1969 -1973 and 1980 -

- 1983 droughts have been the most disastrous to the agricultural sector in this zone. In
2




addition, increased pressure on natural resources has led to continuous degradation of the
natural environment. Adefolalu (1986a) confirmed this by giving a simplified relationship
representing a summary of desertification as: Drought + Man = Desertification. In other
words, desertification can lead to changes in the natural climate, consequently shifting the

eco—climatic zones in the belt.

The geographical location of Northern Nigeria is generally prone to drought, wind and
‘water erosion, thereby promoting geo- environmental degradation. The Sudano-sahelian
belt is particularly a marginal land where crops lexperience moisture stress and often fail
mainly as a result of the effect of the repeated prolonged drought. Specifically, this region
has suffered from severe droughts and floods in the last four decades; the disappearance of
the famous groundnut pyramlds of Kano has been a direct effect of the 1969-1973 droughts

for example.

The north (Sudano — Sahelian belt) of Nigeria is a marginal land, signifying that the climate
can easily be modiﬁed due to the effect of climate change, deforestation, degradation and |

'-adjaCent to th‘e:existing Sahara desert may become part of the desert m no distant time

of chmate' change and prolonged repeated drought in the region. Therefore, Northern
Nigeria (especially its extreme part) is tending towards greater aridity whereas no feasible

effort is placed on identify changes in classic eco-climatic belts. This is promoting geo-

j_desertiﬁcat,_ior_x_,* eouseque_ntly shifting the eco-climatic zones. This drought-p_rone;:belt % e

25 thereby, causmg a shlft in agro- eco-chmatlc zones. Decrsron-makers recogmze food s S

. msecunty asa pnmary problem in Nigeria, but show little concern for the effect and nnpact )




environmental degradation leading to diminishing agricultural production already apparent

in the zone.

Despite these appa.lrent changes across the region and country in general, North/South
 climatic description and other broad regional climatic designation still dominate decision-
making. The two sub-climatic zones in Northern Nigeria are tropical continental north,
tropical hinterland and the third zone is in response to relief; high plateaux. In addition, the
eco-climatic parameter (rainfall amount, onset, cessation, length of the rainy season,
humidity, temperature and yegetation) maps produced independently are used in place of
eco-climatic maps. Furthermore, climatic classifications in Nigeria are highly related to
vegetation zones since they are tied to rainfall values; areas of abundant rainfall have
| tropical rainforest or rainforest climate and to the middle belt, savahna(tropical hinterland
climate). Thefe are uncertainties defming climatic“zoné.s based .onr vééétatibn (Olu and
Bogda, 2002). The location and latitudinal spreaﬂ of the region necessitate the need to
identify and deli.neation of the micro-sub eco-climatic zones in the region. Consequently,
the integration 'o f derived ecological and climatic parameters using Géographic Information
SYStem (GIS) to derive the eco-climatic mapthat wﬂl deplctthe eco-chmatlc co_ndiﬁon L

~ quantitative terms is crucial for sustainability of natural resources.

" 'The umversal .iﬁcréasing effect of these degrada;ﬁé):n‘ pféceséés mthe ‘fégid_ﬁ‘réSult in
.hydrologic and climatologic changes thus advanging aridity m the ‘belt.. and making the
environment less productive. If the future must'be guaranteed there is an urgent need to
protect the fragile environmental resources such as water, soil and vegetation (Kufoniyi et

al, 2003). As a result, for improved quality of life and environmental sustainability, there is

4




the need to quantify desertification, identify and delineate the current eco-regional climatic
zones using modern geospatial tools. By and large, sustainability of land productivity and
quality of vegetation is highly a function of environmental quality. These dictate the use of
appropriate information for delineating the current eco-climatic zones ar‘ld identifying crop

suitability for enhanced food security, and the general security of the physical environment.

1.2 Statement of Problem

Globally, researches have confirmed increased rate of desertification (Eswaran et al., 1998;
Zhao et al., 2005; Huang and Siegert, 2006; Susana and Keller, 2006; Sonia et..al., 2007,
Sivakumar, 2007 & Hanafi and Jauffret 2008). Adefolalu (1986b) has shown that trends in
rainfall between 1911- 1980 can be associated with a long-term multiplier effect of land
surface (ecological) changes- a reflection of feedback processes induced by human
activities. Adefolalﬁ (1986a) aléo cdnﬁrm thét ‘the dry condition m the northern Nigeria
between the drought years of 1969-1973 and 1979-1983 showed that the vegetal cover
never recovered despite the surplus rainfall of 1974-1976; signifying,a:n irreversible change
is taking place in the region. In addition, Adefolaiu (1988) attest that the extreme northern

~ vegetation savanna is declining to the steppe-type of ;Koppen’s B'—Clirxigte or desert. Thus,

the drying condition in the Northern region is i‘ncréasing as such that the ecological changes

“are irreversible

The existing climatic and eco-climatic pa:émeter maps have been mapped on the basis of
vegetation and annual rainfall patterns using traditional vector maps overlay. With time
since they were first mapped over 40years ago, changes have been occurring as a result of

various land degradation processes resulting to likely shifts in boundaries and conditions of
3




the mapped zones. Several studies have suggested that land-cover changes alter the weather
(Shukla, 1993; Meehi, 1994; Cotton and Pielke, 1995).With the power of GIS technology
and the need to track such changes, studies are now required that employ GIS tools in

mapping eco-climatic zones in northern Nigeria.

Generally, documentation on the deterioration of vegetation cover is dominant in literature;
the obvious environmental problems and effects include higher albedo, lowering of water
table, reduced surface water, increased soil erosion and, on the whole, increased aridity.
Secondly, there is the politics of the actual land area that is desertified; is it the
Sudan/Sahel/Sudano-sahelian or the sub-humid zone? Thirdly, the recurring crop failures
experienced in this zone may be a response to inadequate information inherent in the use of

the classic eco-climatic zones.

The increasing cumulative effects of depletion of resources, variability in distribution of
rainfall and fluctuation in agricultural produce have drastic consequences. In Northern

ngena, the socio-economic impacts over the years have been evident; repeated crop

'-fmlures sharp rises in pnces of agncultural products, hunger, sickness, malnutrmon, S

starvation and hvestock death in extreme cases Ilus has given rise to a number of
: _-questlons such as; what is the extent of degradatron of natural resource such as vegetatlon,
land and water? What extent of land is now suitable for agriculture and for which crops is 1t
- most sultable? Have_eco-chmatlc zones changed and do they need to be redefined and re-

delineated? If the zones have changed, how are they related to agriculture, farmland

productivity and improved food security?




Generally, drought occurrence, erratic rainfall distribution and shift in economic fortunes,
all combine to impact on the environment. Apparently, desertification of the northern
region has been drastically altering the traditional eco-climatic zones resulting to recurring
crop failure. Conversely, lack df information on the existing eco-climatic zone and changes
that havg taken place is an apparent problem. No mmhes have been carried out to
investigate and map changes in the spatial extent of the traditional eco-climatic zones to
establish new zones. These are gaps in the achievement of food security and sustainability

of the physical environment that the study intends to fill.
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