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ABSTRACT

This study aims to develop models predicting the depth, extent and volume of
flooding in the Hadejia-Nguru wetlands of Nigeria from satellite sensor images. In
subregions representative of the entire wetlands over 1,500 rigorously coordinated
and geocoded depths were observed, simultaneously and near-simultaneously, with
Landsat-5 satellite overpass of 2 September 1990. Over 1,000 of the measured
depths were reduced to water levels of 2 September 1990 and accurately calibrated
to corresponding pixels on the Landsat-TM image of the same date. Depth-radiance
power-curve relationships were established using regression analysis based partly
on relationships from ground radiometry. An operational model for flood prediction
was successfully developed. Area, volume and average depth of flooding predicted
from Landsat-TM satellite sensor data were, respectively, 1186km?2, 560.92 million
m?® and 0.66m on 26 September 1986; and 910km?2, 430.79 million m® and 0.66m on
2 September 1990. Mean water-depths were predicted in open waters from the
Landsat-TM imagery with a confidence interval of between 9-20% at depths of 0.10-
6.20m; and in inundated vegetation to 12-14% at 0.25-0.75m depths (and 30-50% at
depths less than 0.25m or greater than 0.75m).

Applying the developed depth-radiance equations to NOAA-11 AVHRR satellite
sensor data of 24 August 1990, they overestimated flood extent by 6% (52 km?) and
underestimated volume by 18% (78.8 10° m®). Simulated Meteosat satellite data
overestimated flood extent by over 6% (65 km?) and underestimated volume by 37%
(160.2 10° m?). Using imagery from 1986, 1987, 1990 and 1991 the frequency of
flooding was found to vary spatially in about 50% of the wetlands every 4 or 6 years,
with only about 5.6% (242.1 km?) and 2.2% (94.5 km?) of the region flooded 3 times
and 4 times, respectively. This means that conventional techniques alone cannot be
used to adequately monitor flooding in the wetlands.

Operational problems encountered with using satellite sensor images were examined.
A significant problem is the low probability of acquiring a cloud-free scene from
Landsat-5 satellite (eg a probability of 1 in 32 days at 0.50 average cloud-free cover)
in the wet season which is the peak flood period. Also, there is little or no
correlation between satellite and ground radiometry data due to their different field-
of-views. Vegetation and turbidity also poses problems in deriving relationships
between water-depth and satellite pixel radiance. However, the depth-radiance
prediction models developed in this research are operational and (statistically) more
accurate than some similar models recently evaluated.
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CHAPTER 1
THE HADEJIA-NGURU WETLANDS

1.1 INTRODUCTION

Water is fundamental for sustaining life (Salomonson et al, 1983) and an essential
resource for human and livestock consumption and agricultural production in Nigeria
(Adeyemi, 1987; Bullock et al, 1988; Adeniyi, 1988; Agnew and Anderson, 1992).
The United Nations Commission on Development Planning noted the dependency of
development on education, health services (including water supply and sanitation),
food security and nutrition (Williams, 1992). Two of these three components (with
the exception of education) depend upon water; for instance the repercussion of poor
access to good quality water is poor sanitation and health, whilst unreliable water
supply leads to food insecurity (Williams, 1992). Wetlands are a very valuable
source of water and provide vital support for human populations living in the
vicinity. In Nigeria, the most important wetlands are in the Sokoto-Rima River
Basin (in the northwest) and in the Hadejia-Jama’are River Basin (in the northeast).
They not only sustain large human populations, but are also located in the semi-arid
region of Nigeria. The ever-present danger of drought (Mortimore, 1989), recession
of lakes, diminution of reservoirs and groundwater levels, the proximity to the arid
Chad Basin and the dependence of Lake Chad for its water re-charge, has made the

Hadejia-Jama’are River Basin the most important in the country (Dauda, 1987).

Wetlands are areas with soils that are periodically inundated by water (Zoltai, 1988;
Williams, 1991) and are transitional between terrestrial and aquatic systems
(Cowardin et al, 1979; Frayer et al, 1983). In wetlands, water is abundant and is
the dominant factor determining the nature of plant growth, types of plant, soil
development and animal communities living in the soil and on its surface (Larson,
1981; Frayer et al, 1983). Wetlands include marshes, swamps, mudflats, bogs, mires,
sloughs, small ponds, potholes, river overflows and wet meadows (Frayer et al, 1983;
Williams, 1991). Wetland ecosystems are ubiquitous, found in almost every climatic
zone and every continent (except Antarctica) and account for about 6% of the global

area (Williams, 1991). Sixty percent of African wetlands are located in international
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river basins (Turner, 1991), raising issues of hydro-politics. Wetlands are important
sources of groundwater (Motts, 1981), they harbour many wildlife species (Golet,
1981), contribute to the scenic value of landscapes (Smardon, 1981), have great
potential for use in water quality management (Landers and Knuth, 1991) and yield
large varieties of plant species. They are also vital, valuable and multi-functional

environmental resources.

The functions and values of wetlands overlap and it is often difficult to say when a
function becomes a value. Important functions performed by wetlands are nutrient
retention, toxicant retention or control (Kadlec and Kadlec, 1978), sediment control
(Boto and Patrick, 1978), flood control, shoreline stabilisation, erosion control,
groundwater recharge, groundwater discharge, storm protection and windbreaks,
biomass export, micro-climate stabilisation, recreation, tourism and water
transportation (Dugan, 1990). Products found in wetlands are water, fisheries,
wildlife resources, forest resources, agricultural products, forage resources and
energy resources. Also, the biological diversity (of wildlife, birds, fish, plants and so
on) and its natural beauty are valuable attributes of wetlands. Annual flooding is
the major variable that facilitates lateral exchange of nutrients, organic matter and
organisms, and a disturbance in the flood regime disrupts structure or function at

the ecosystem, community or population level (Sparks et al, 1990).

According to the wetland classification system of Frayer et al (1983) and Orme
(1991), the Hadejia-Nguru wetlands are interior wetlands of the riverine and
lacustrine systems because they are located on river channels, floodplains and inland
lakes. The Hadejia-Nguru wetlands are situated in Northeast Nigeria (figure 1.1.1)
and about 50% of the area is liable to seasonal flooding (NCF, 1988). Until 1987,
wetlands in Nigeria were not considered to be of international importance (IUCN,
1987a), but by 1990 Nigerian wetlands had gained international recognition and
ranked 40th out of 158 countries (Ramsar, 1990) and the Hadejia-Nguru wetlands
is inclusive. International attention attracted by the Hadejia-Nguru wetlands
culminated in the visit by the Duke of Edinburgh, as president for the World Wide
Fund for Nature (WWFN), in February 1989 (Kimmage, 1990). Several national and
international organisations and institutions are currently concerned with the

Hadejia-Nguru wetlands (Appendix A-4).
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Sustainable development, as defined by the Brundtland Commission, is development
that meets the needs of the present without compromising the ability of future
generations to meet their own needs (WCED, 1987, Foy, 1990). A fuller discussion
of sustainable development is given in Adams (1990). Sustainable utilization should
be the main priority in managing the Hadejia-Nguru wetlands of Nigeria. Field
(1990) expresses concern for the future of such environments and suggests that the
local inhabitants in the vicinity of the Hadejia-Nguru wetlands and the proximal
urban populations are not interested in conservation unless there is an immediate
economic reason, especially since the wheat growing programme is a success of the
Nigerian government. All the local inhabitants interviewed by the author (during
his fieldwork in 1990 - Appendix F-5) suggested that economic development of the
wetlands should come before conservation or with conservation if this was a
condition for development. The economic analysis of the agricultural, fuelwood and
fishing benefits provided by the Hadejia-Nguru wetlands, show them to be
substantial and could yield significant economic returns for some time, provided that
the floodplain system is properly managed and sustained (Barbier et al, 1993). In
utilizing the resources in wetlands, care should be taken not to over-exploit so that
they are not further or significantly reduced like the case of wetlands in south and
southeast Asia which, for two to three hundred years, were drained for rice
cultivation (Richards, 1991). Thus, long-term integrated river basin management
strategies coordinated with wetland policies and national water resource are
required. Economic activities in the Hadejia-Nguru wetlands are closely integrated
and are dynamic, constantly reacting to legal, economic and natural changes (Adams
and Hollis, 1989). The recent cycle of drought and dam construction in the 1970s
and 1980s has added to the difficulties in evolving a sustainable wetland policy for
the, already complex, Hadejia-Nguru wetlands (Adams and Hollis, 1989).

The long-term impact of environmental damage in Nigeria is estimated at US $5.1
billion annually, if action is not taken to control the problems of deforestation,
wildlife and fisheries losses, water and air pollution, soil degradation and erosion
(World Bank, 1990). Traditional environmental conservation in Nigeria was widely
practised prior to the 1900s (Choker, 1993). In pre-colonial Hausaland, traditional
keepers of forest and nature conservationists, referred to as Sarkin Daji (in Hausa),

were vested with wide powers to protect nature, but their replacements by modern
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forest guards, during the British colonial era, resulted in a diminution of communal
concern for nature conservation (Dawa, 1991) and enforcements have been limited
(Aweto, 1990). Alternative sustainable wetland policies are now desired for the
Hadejia-Nguru wetlands. To help formulate a sustainable wetland management
policy for the Hadejia-Nguru wetlands, changes in land use and land cover, and most
importantly the flood regime have to be monitored over a period of time. In a period
of natural and anthropogenically induced environmental change, knowledge of the
resource base and its dynamics is essential to evolving sound environmental
strategies and planning. Improved environmental monitoring has recently been
identified a key factor for better environmental management (Rose and Smith, 1992;
O'Neill et_al, 1993). Previous land use and land cover classifications, with the
exception of those by Sule (1990b), were not used to map out changes over time
(Schultz, 1975; Schultz, 1976; Brown, 1987) and appear to be highly generalized or
inaccurate. Moreover, the Adams and Hollis (1989) and Hollis and Thompson (1992,
1993a) hydrological models of flooding and groundwater flow were subject to errors,
of unknown magnitude, due to the inadequacy and unreliability of hydrological data
collected for the Hadejia-Nguru wetlands and so the accuracy of the estimated
volume of flooding in the wetlands is uncertain. There is a paucity of reliable or

verifiable environment information on the Hadejia-Nguru wetlands.

The inadequacy of hydrological data for the Hadejia-Nguru wetlands (Adams and
Hollis, 1989) and the lack of adequate maps (Balogun, 1987) means that an
alternative strategy has had to be developed for the present study. Remote sensing
and Geographical Information System (GIS) have been used in this context. Land
use and land cover changes from 1950 to 1986 have been monitored using digital
image processing and vector-based techniques in a GIS environment. The frequency
of flooding has been monitored from 1986 to 1991, and models have been developed
to predict the extent, depth and volume of flooding from high spatial resolution
satellite data. The development of these flood models and the generation of land use
and land cover maps for the Hadejia-Nguru wetlands are the first to be used for the

Hadejia-Nguru wetlands or any wetland in Nigeria.
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