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ABSTRACT

Environmental (climatic) and economic (human) influences have contributed to the
problem of water scarcity in arid and semi-arid areas of the world, particularly in the less
developed countries. This has impeded economic development in these regions. Thus, the call
for better methodological approaches for investigating the problem from an interdisciplinary
perspective and at a local scale - the “bottom-up” approach. This study investigates the
nature of water use in a selected drought-inflicted village and develops an analytical
framework for assessing the water demands of alternative economic development scenarios
in the village.

A review of hydro-climatological characteristics, land use practices, and technological
development provides information on water resources availability and human activities in the
region. Surveys of human activities and water use in the study village, Katarko indicate the
following conditions: water scarcity, unsustainable agricultural development, and subsequent
food and economic insecurity. Further investigations indicate that groundwater is the most
dependable source of water. Its use is dominated by agricultural activities especially irrigation
and animal rearing. These are also the most water intensive activities based on the ratio of
water use to income generation. Results of the initial survey provide useful background
information for the development of predictive models and water conservation strategies. A

commodity-by-industry economic-ecological model (CIEEM) is developed for this purpose.



Estimates of direct and total requirements of both economic and ecological commodities
showed sparse sectoral interdependence within the economic system but a heavy dependence
of the economy on the environment. Such dependence is more on water, a scarce commodity
in this semi-arid environment. The most intensive users of water based on the direct effects
include animal husbandry, building and irrigated agriculture; based on total effects are
catering, building and animal husbandry, in descending order.

A number of policy scenarios for local economic development and water conservation
are formulated. They are derived based on our own observations in Katarko village and
relevant literature for the semi-arid zone, and incorporate elements of indigenous knowledge
systems and technologies (local initiatives) regarding water scarcity and drought mitigating
strategies in terms of water procurement, delivery and processing, as well as national
development strategies. These scenarios are simulated using the model to determine economic
and environmental impacts in terms of changes in water use. An increase in production will
require an increase in groundwater input while changes in the production process and water
application efficiency will ensure a reduction in groundwater input and other environmental
commodities. Results show that some of the production scenarios are more water intensive
than others. The water conservation strategies discussed here will serve as policy options for
sustainable development in this water-scarce village as well as other areas with similar

economic and environmental conditions.
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PREFACE

This thesis is a collection of research papers that have either been accepted or

submitted for publication. The introduction in Chapter 1 defines the study problem; aims and

objectives; conceptual framework which discusses the nature of the problem, how it was

approached, and the relationship among the different research papers that make up the

subsequent chapters; and organization of the thesis. These research papers are contained in

the chapters indicated below:

Chapter Two:

Chapter Three:

Chapter Four:

Chapter Five:

Dabi, D. D. and Anderson, W. P. (1998) Water scarcity and
sustainable agricultural development in the drought-prone semi-arid
zone of West Africa. Accepted for publication in the Proceedings,
International Conference on Tropical Climatology, Meteorology and

Hydrology. In Press.

Dabi, D. D. and Anderson, W. P. (1998) Water use for commodity
production in Katarko Village, Northern Nigeria. Accepted for

publication in Applied Geography.

Dabi, D. D. and Anderson, W. P. (1998) Application of a commodity-
by-industry economic ecological model to water demand and use in a
rural economy. Submitted to Journal of Environment Management

and Planning.

Dabi, D. D. (1998) Indigenous knowledge systems, technology



transfer and rural water use in Northern Nigeria. Submitted to

Economic Development and Cultural Change.

Chapter Six: Dabi, D. D. and Anderson, W. P. (1998) A simulation of economic
and environmental impacts associated with changes in rural water use:
toward policy formulation. Submitted to Environmental & Resource

Economics.

These papers were written in different formats to satisfy the different journals but have
been reformatted into chapters and to conform with the requirements for thesis presentation
without changing the content. However, some amount of variation and repetitions are
inherent. The major findings from these papers are summarized in Chapter 7.

Whereas most of the papers were co-authored with the research supervisor Dr.
Anderson, who provided guidance on the research approach and direction, reviewed and
edited the papers, the actual research including data gathering, compilation, processing and

analysis, and writing was undertaken by the first author and candidate.



CHAPTER ONE

Introduction

1.1 Background to the study

This study investigates the nature of water use in the economy of a selected drought-
inflicted village in semi-arid northern Nigeria. It aims at developing an analytical framework
for assessing the water use of alternative economic development scenarios in the village. The
research establishes the interrelationship between the village economy and environmental
resources. It ascertains the total water requirement of the different production sectors of the
economy and determines the associated impacts. Model parameters based on direct data
collection and observation of indigenous knowledge systems are employed for this
investigation.

Water is demanded for three major human functions: household (domestic), industrial,
and agricultural uses. This water is accessed from three basic sources: rainfall, stream flow,
and groundwater. However, it is not the amount of water available in the seas or ground
storage that determine the availability of water resources for withdrawal but the amount in
circulation; that is fresh water flow in rivers and streams, and groundwater flow. The gross
amount of water available can be divided into two categories: exogenous supply in cross

boundary aquifers and rivers from upstream countries or regions, and endogenous supply
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through precipitation over the territory in question (Falkenmark, 1989). For arid and semi-
arid (ASA) environments groundwater is the most dependable source of water supply.

Of all the three uses of water, agriculture is the greatest consumer in the ASA areas
including northern Nigeria. Prior to the oil boom period, agriculture was the most important
sector of the Nigerian economy accounting for about 60 percent of GDP and more than 75
percent of export earnings (Oshikoya, 1990). Agriculture is still the major economic activity
in the rural areas of Nigeria. It employs more than 75 percent of the ever increasing
population and provides food for all including most of the urban dwellers. Therefore the
importance of the agricultural sector cannot be overemphasised, even though the oil industry
is now the major export earner for the country.

The relative decline in the agricultural sector may be partly attributed to the oil boom
in the early 1970s but environmental conditions have also played important roles. Droughts,
desertification and water deficits have occurred in the semi-arid zone of northern Nigeria due
to climatic fluctuations ( see for example Kowal and Knabbe, 1972, Adeniji and Gadzama,
1985; Ojo and Oyebande, 1987; Glantz, 1987, Woo and Tarhule, 1994; Hess, et al, 1995,
Tarhule, 1997).

A combination of these conditions has impeded agricultural development in the region.
However, it is necessary to encourage the development of other sectors of the economy,
particularly agriculture, in order to reduce the tremendous dependence on oil and other non-
renewable resources. Agriculture appears to be a viable option for the country’s “sustainable

development” at least within the limits of existing technologies for industrial and
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socioeconomic attainment. This will require the expansion of irrigated agriculture, “a
strategically important sector of the economy” (Pradhan, 1993; Abubakar, et al, 1993) that
presents a possible solution. Not only does it produce the food required for the ever
increasing population but it also ensures food security and provides gainful employment to
the large number of rural households during the traditionally idle period of the long dry
season. With appropriate farming practices, such an effort will ensure sustainability by
reducing the pressure on the precarious environmental resources.

Unfortunately, the large-scale irrigation projects and provision of support services
embarked upon by the government to improve the agricultural sector and rural development
in the drier northern part of the country have not been very successful (Oshikoya, 1990;
Salau, 1990; Mitchell, 1994). The planning of these earlier water development projects did
not take cognisance of the resultant social and environmental consequences. Most studies
have focussed on the supply-side of the water problem and investigated issues of variability
and decline ( for example, Olaniran, 1991; Anyadike, 1993; Hess, et al, 1995; Tarhule, 1997).
Those concerned with environmental predicaments of the region have been discipline specific
and conducted at a regional rather than local scale (for example, Falkenmark, 1989,
Falkenmark and Lindh, 1993).

Studies on water demand have focussed on residential water demand, analysing the
quantity of pipe water used by households as a function of variables such as income and price
using traditional water demand models (notably, those by Danielson, 1979; Agthe and

Billings, 1980), or applied discrete choice models to analyse direct water use in terms of
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choice probabilities (Mu, et al, 1990, Madanat and Humplick, 1993). Although the second
set of models are applicable to developing countries where alternative sources of water may
exist, they only capture direct water use and therefore may not be comprehensive. This is
because assessing water demand involves not only direct consumption but also use of water
as an input for production. For this research, an input-output oriented model provides a more
useful approach.

In order to understand the complexity of this man-environment relationship, Ruddle
and Rondinelli (1983) observed that “a fundamental issue that now faces international
development organizations and governments in most developing countries is how to generate
the knowledge and methodologies needed to enable planners to design programs and projects
for the sustained development of the impoverished rural areas in ways that will simultaneously
provide solutions to urgent, short-term development problems at the local level and which in
the long-term will conserve the biological and physical environment and the natural resource
base that it presents.” This has necessitated “studies aimed at investigating Africa’s water
scarcity problems more intensely using micro-scale approaches” (Falkenmark, et al, 1989) and
locally generated (“bottom-up”) initiatives at an interdisciplinary level (Koudstaal et al, 1992;
Falkenmark and Lindh, 1993).

To gain a better understanding of the direct and indirect effects of the water problem
and coping strategies in this vulnerable region, interdisciplinary studies conducted on a local
scale are needed. An example of such interdisciplinary and locally focussed studies is the *“Jos-

McMaster Drought and Rural Water Use Research Project” being conducted in Katarko
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village, Nigeria. This village was selected for the study for three reasons: (i) similarity in
physical (environmental) characteristics, sociocultural (generally homogeneous language and
religion) groups, and economic (sedentary agriculturalists, pastoralists, craftsmen and traders)
activities to the rest of the region; (ii) a typical rural area with limited urban interference and
the lack of urban facilities such as pipe-borne water and electricity, as is the case with most
rural areas in the region; and (iii) the existence of an enabling environment for data collection
(a good rapport, familiarity, and the existence of on-going related research projects in the
area). These gave high promise for primary data collection. Also, the use of a single village
for this study facilitates an in-depth study of the problem. Moreover, data collection in
developing countries, especially in rural areas, is rather expensive in terms of both money and
time. However, the study is expected to be of wide applicability not only within the village
but for most the semi-arid zone of northern Nigeria in particular and of West Africa in
general.

Various components of the Jos-McMaster research project deal with different aspects
of the water problem that relate to population, demography, and household water demand and
use; crop farming, livestock husbandry, and water use; customs, culture, and perception;
water supply, sanitation, hygiene, and health, among others. The research presented in this
thesis is part of this interdisciplinary research project and incorporates both economic and
ecological (environmental) factors in accounting for water use at the local level. It examines
the problem from two perspectives: (i) the demand and use of water for economic activities

and other aspects of rural development; and (ii) human behaviour and activities regarding
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water conservation (saving strategies) and drought mitigation efforts based on indigenous
knowledge systems and technologies. It employs a bottom-up (micro-scale) approach that
deals directly with the rural inhabitants at a local level. This approach encompasses the
household; on-the-farm and activity level water demand and use; water, land (soil) and
vegetation conservation measures; activity schedules (for example, animal watering); the use
of local technologies in small-scale irrigation along small, local watercourses and seasonally
flooded areas; and considers the involvement of the beneficiaries in the planning process
towards sustainable agriculture and economic development. This is opposed to the earlier
“top-down” approaches of addressing water problems in developing countries at an aggregate

scale that resulted in the development of the large-scale water projects.

1.2 Aims and objectives

The main aim of this study is to develop an analytical framework for assessing the
water demands of alternative economic development scenarios in a drought-afflicted village.
This will be achieved through the following specific objectives:
l. To identify the various economic activities (industries) in the area and the nature of

their water demands and use as well as the sources of water for these uses.

[

To define the direct input requirements for the production of goods and services
(commodities) by a number of industries identified in (1). This is meant to determine
the interrelationships existing among different activities in the local economy.

3. To ascertain the total water requirement (direct and indirect) of the different
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industries in the economy (particularly in agriculture-related activities), their use of
ecological commodities and their impact on the environment. In other words, how
much does the level of each activity affect the available water supply and the
environment.

4 To understand the indigenous knowledge systems regarding water scarcity and
strategies aimed at mitigating the problem and to generate information required for
developing scenarios of water use efficiency.

5. To develop policy measures aimed at managing the water resources of the area for
sustainable agriculture and economic development. This will be based on information
generated from (2&3) above to determine the impacts, on the economy and
environment, associated with changes in production and water use.

These objectives are investigated and reported in a number of papers, some of which have

been accepted or submitted for publication and compiled to form this thesis.

1.3 Conceptual framework

In order to achieve the objectives enumerated above, an interdisciplinary approach is
needed. This interdisciplinary approach considers the interrelationships between the economy
and the environment (as illustration in figure 1.1). It examines the nature of the problem from
economic (human) and ecological (environmental) perspectives. Such an investigation
requires a methodological framework that captures the two perspectives. The approach

adopted for this research follows the framework of the input-output (1-O) model. The 1-O
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model is a method of analysis that takes advantage of the relatively stable pattern of the flow
of goods and services among the elements of an economy. It is an accounting framework that
systematically quantifies the mutual interrelationships among the various sectors of an
economic system (Leontief, 1986). It is a comprehensive way of defining the technical
relationships between sectors or industries and its coefficients represent input-output
relations.

The commodity-by-industry economic- ecological model (CTEEM) used for this study
is an environmental extension of the I-O model. This approach considers the interactions
within the economic system and between it and the ecological system with particular reference
to water. This is because water, an environmental resource, serves as a major but crucial input
in the economic activities of the study area (a semi-arid environment) particularly agriculture.
The extended input-output framework facilitates the projection of water demand by
estimating water requirements in the various use sectors. By incorporating the environmental
(ecological) sector, the source of water and other environmental factors (ecological
commodities), into the accounting system, it is possible to determine the direct and total
(direct and indirect) water requirements of the region (Dabi, 1996). But if one is interested
in improving water conservation, the technical coefficients of the model can be changed to
investigate the impacts.

The use of a computer simulation model for this investigation facilitated the
understanding of the complex functions of an integrated economic-ecological system. The

model accounts for flows of ecological commodities withdrawn from the environment for use
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in the economy and of the waste products eliminated from the economy into the environment
with a focus on water. However, the model restricts the ecological commodities to water,
land and vegetation, the environmental resources upon which the rural inhabitants depend and
which are also at risk of degradation. It does not attempt to simulate detailed interactions
within the ecological subsystem. Therefore, the interrelationships between the economic and
ecological commodities will be considered in terms of input/output flows of goods and
services within the economic subsystem and between it and the ecological subsystem.
Background information about this modelling framework and proceduresis given in Appendix
I. Other descriptions are contained in the papers that make up this thesis.

Because the [-O model is not a behavioral model, the use of indigenous knowledge
systems to investigate human responses to drought conditions is pertinent. It will help
elucidate the nature of the problem and water scarcity coping strategies. Under drought
conditions activities of the various industries will be constrained due to water scarcity. People
may develop water conservation strategies or exploit all possible alternative sources of water
including purchase or even adopt new technologies to facilitate their production process. For
example, farmers may have to change farming methods, select suitable crops or adopt new
irrigation techniques in order to reduce water use at the farm level. Households may also
embark on rainwater harvesting and better water storage methods. Under such circumstances,
the production process, and thus the technical parameters of the model, will be affected.

The connection between the extended input-output analysis and the indigenous

knowledge systems is as follows: the indigenous knowledge systems will identify new water
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sources, methods of water use and water saving strategies that may be adopted under drought
conditions or water scarcity. Consequently, some parameters of the model will have to be
adjusted to accommodate the changes either actual or simulated. Results of the model can be
used separately or in conjunction with indigenous knowledge systems to address various
policy options for better water management strategies to enhance sustainable agriculture and

economic development in the area.

1.4 Organization of thesis

The subsequent chapters in this thesis are made up of the different papers accepted
or submitted for publication as indicated earlier. However. all the papers tie together into a
comprehensive approach to water and economic analysis in Katarko village. Chapter two
discusses the issues of economic development and sustainable agriculture in semi-arid region
of West Africa in general. It sets the research work in context by introducing the problem at
a local scale with Katarko village as the case study area. It concludes with an outline of
possible solutions and stresses the need for further investigation toward developing more
appropriate strategies for ameliorating the problem of water scarcity in the village in particular
and the region at large.

Chapter three describes the first step in the water analysis as it gathered information
on activities and how water is used for economic and domestic activities in Katarko. The
paper identifies the various economic activities (industries) in Katarko village, the nature of

their water demands and use, and sources of water for these uses. It relates groundwater use
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(the major source of water) to commodity output and income generation of the various
industries. This chapter helped in achieving the first objective of the research.

Although Chapter three is a useful starting point in the water analysis, it only gives a
partial picture of the impacts of water use because it does not show the indirect effects. In
order to achieve that, Chapter four analyses the interrelationships between economic activities
and their total input requirements (direct and indirect) for commodity production. It focuses
on the use of water, an ecological commodity, as an input in the economy. The commodity-
by-industry economic ecological model (CIEEM) forms the bases of the analysis. This chapter
meets the second and third objectives. Because these total effects do not capture behavioral
aspects of water use, it is necessary to include the human activities and water use to facilitate
a meaningful analysis. Therefore, Chapter five examines the indigenous knowledge systems
and technologies for water management. It considers strategies adopted by the villagers for
coping with water scarcity during droughts or dry periods. Locally fabricated devices and
introduced technologies for water procurement, delivery and processing are compared. The
annual scheduling of activities vis-a-vis water availability is also considered. Alternative
strategies (“appropriate technologies”) are suggested. This chapter aims to generate
information required to develop scenarios of water use efficiency analyzed in the next chapter
and meets the fourth objective.

Chapter six uses data generated in Chapter three, the commodity-by-industry
economic-ecological model (CIEEM) developed in Chapter four, information on human

responses from Chapter five as well as literature on rural development policies in the area and
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others with similar environmental and human characteristics to develop scenarios for
alternative economic development. These scenarios are useful policy approaches aimed at
water and resource management and sustainable economic development in the village and the
area in general. The policy approaches, therefore, are presented in two sets of scenarios (i)
increase in production to meet new final demand for economic development and (ii) changes
in water use to ensure conservation. These scenarios are simulated using the CIEEM in
Chapter six to determine the impacts on the economy and the environment associated with
the changes and meets the last objective. Chapter seven concludes the thesis with a summary
of the major findings, contributions to the field of enquiry, and directions for future research.

The papers compiled to produce this thesis have already been accepted or submitted
for publication but reformatted into chapters and to conform with the requirements for thesis
presentation without changing the content. However, additional reference is made to
Appendix | in Chapters four and six. This was necessary for purposes of clarity should a
reader be interested in some of the detailed information which for lack of space were not
included with the original papers. Because this thesis is a compendium of distinctive but
mutually inclusive papers, some material is unavoidably duplicated.

My research supervisor, Dr. W. P. Anderson is a co-author of most of the said papers.
He provided guidance on the research approach and direction, reviewed and edited the
papers. By and large, data gathering during fieldwork, data compilation, processing and

analysis, and writing were all done by the first author and candidate.
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Abstract

This paper considers the potential water availability for sustainable agricultural
development in drought-prone areas of West Africa. It provides overviews of hydro-
climatological characteristics of the region, land use practices, and technological development.
The first (rainfall, streamflow and groundwater) provides valuable information on water
resources availability while the latter two provide the necessary information on human activity
and its effect on the environment. Five different conditions responsible for the increasing
severity of water scarcity are identified: aridity and intermittent droughts, attributed to
climatic change and natural environmental conditions; land degradation; population growth;
and weak economic, institutional and technological bases. These conditions are viewed to be
mutually inclusive and operating in a form of vicious cycle. A survey of human activities from
a selected rural area in semi-arid northern Nigeria support this assertion.

Itis concluded that within the existing climatic, environmental, and human conditions,
these areas will experience severe water scarcity, unsustainable agricultural development, and
subsequent food and economic insecurity unless stringent water and environmental
management strategies are developed. The paper suggests an integrated (multidisciplinary)

approach to ensure sustainable agricultural development in the area.

Keywords: agriculture, drought-prone, economy, environment, resources, rural, scarcity,

sustainable, water.
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2.1. Introduction

Sub-tropical regions of the world have marked dry and wet climatic conditions and
experience drought related problems, aridity and water scarcity. Falkenmark (1989) observed
that most of the less developed countries (LDCs) are located in the water-scarce regions of
the tropics and subtropics (arid and semi-arid regions, ASA). They have three basic
characteristics: (i) located where water is scarce for most or part of the year; (ii) experience
intermittent drought years; and (iii) experience a high evaporative demand, which prevents
much rainfall from being used for human activities (Falkenmark and Lindh 1993; Clarke
1993). A larger part of the African continent, including the semi-arid (Sahelian) belt of West
Afnica, which depends on agriculture, lies in this zone where most of the year is arid with
recurrent droughts which severely impede agricuiture.

The impact of the intermittent droughts, particularly those of 1968-73 and 1984-85,
coupled with rapid population growth in the arid and semi-arid (ASA) regions of Africa, have
led to severe water shortages, environmental degradation and the consequent outcry for food
security in the affected areas. However, food aid and other relief measures from various
international donor agencies have not solved the problem. This has necessitated more internal
investigations of Africa’s water scarcity problems using micro-scale approaches (Ruddle &
Rondinelli 1983; Falkenmark et al. 1989).

This paper reviews issues of water scarcity in the ASA zone of West Africa and points
to new research directions. An ongoing study of Katarko village in northern Nigeria is used

to illustrate the problem of water scarce regions and provide an example of a research agenda
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for addressing human-environment interactions using micro-scale and integrated approaches.
(see figure 2.1).

(Figure 2.1 about here)

2.2. Water scarcity

Water scarcity is defined here as the difference between water availability and water
demand. That is the shortfall in the amount of water available for human use. Significant
water shortages (shortfalls) in most parts of Africa led the United Nations at the end of 1984
to declare most of sub-Saharan Affica as countries lying within the verge of aridity and to be
suffering from ‘abnormal food shortages’. However, as Clarke (1993) rightly argues, the real
truth is that Africa was not so much short of food as of water. Although this water scarcity
was related to droughts, controversial but exceptional meteorological events, water shortage
in much of Africa and elsewhere is not exceptional but endemic, a part of everyday life

(Falkenmark 1989).

2.2.1 Water availability

There are three basic sources of water for human use: rainfall, streamflow, and
groundwater. These can be assessed through meteorological, hydrological and geologic
surveys, and water balance studies (Mutiso & Thompson 1987). However, it is not the
amount of water available in the seas or ground storage that determines the availability of

water resources for withdrawal but the amount in circulation; that is fresh water flow in rivers
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and streams, and groundwater flow. The gross amount of water available can be divided into
two categories: exogenous supply in cross boundary aquifers and rivers from upstream
countries or regions, and endogenous supply through precipitation over the territory in
question (Falkenmark 1989).

Falkenmark et al. (1989) and Clarke (1993) identified four causes of water scarcity:
(1) andity as a permanent shortage of water caused by a dry climate; (ii) droughts as an
irregular phenomenon occurring in exceptionally dry areas; (iii) desiccation as a drying up of
the landscape, particularly soil, resulting from activities such as deforestation and overgrazing;
and (iv) water stress which is due to increased per capita demand over fixed levels of water
supply. These can be regrouped in two categories: the first two are climatic and the latter are
due to human activity.

West Africa’s mean annual rainfall varies from more than 3500 mm in coastal
(rainforest) areas of the south and south-west to less than 500 mm in desert fringe of the
north. Although its semi-arid zone is endowed with many river systems and lakes, notably the
rivers Niger, Senegal, the Gambia, and Volta, surface water (streamflow) is limited. This is
because many of the rivers and tributaries traversing the region carry less water and easily
dry up during the dry season due to high evaporative demand and siltation. The same problem
in association with human activities is attributable to the shrinkage of Lake Chad in West
Africa (Hutchinson et al. 1992). The region relies to a great extent on the groundwater found
in fractures, joints and partially decomposed rocks (Agboola 1979).

Studies have indicated a progressive decline in the availability of water in the region.
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For example, Glantz (1987) observed that desertification has occurred due to incidence of
drought. Woo & Tarhule (1994) and Hess et al. (1995) have reported the seasonality,
reduction in duration and amount of rainfall in northern Nigeria (see figure 2.2 & table 2.1).
Similar conditions have been explained for Sierra Leone (Bah 1987).

(Figure 2.2 and Table 2.1 about here)

2.2.2 Water demand

Water is demanded for three major functions: household (domestic), industnial. and
agricultural uses. Increasing water demand has been attributed to three major factors: rapid
population growth; increased consumption due to improved standards of living. and
expansion in water-related commodity production and service industries (United Nations
1976). Relating population growth and water scarcity, Falkenmark (1990) developed a
hypothetical model on water availability and population size and constructed a global water
scarcity index. By her projections, Nigeria among other West Aftican countries, would be
experiencing “absolute” water scarcity by the year 2025. Absolute water scarcity is a situation
beyond the limits of water stress resulting from excess demand over water availability from

the water cycle.

2.3. Human activities and the environment
Agriculture (animal and crop production) is the predominant human and economic

activity in the semi-arid zone of West Africa. It provides the means of livelihood (food) and
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employment for the ever increasing population. The relative decline in per capita food
production in this region (see figures 2.3 & 2.4) may be attributed in part to the recurrent
droughts experienced in the zone and partly to other “man-induced” problems as discussed
below.

(Figures 2.3 & 2.4 about here)

Sub-Saharan Africa suffers from endemic environmental problems which include
deforestation, overgrazing, soil erosion, ecological degradation, and desertification. Although
these are blamed on rapid population growth and poverty, there is no conclusive evidence to
show that the people have been unconcerned with the quality of their environment. Rather,
the problems are more insidious than meets the eye. Three factors: population pressure, heavy
foreign debt burden, and political instability have impeded economic development in the
region. It is confronted with consequences of inappropriate policies, poor economies and
managerial incapabilities, as well as an increasingly hostile external economic milieu. Poverty
has forced families to develop simple but problematic survival strategies, over-exploitation
of natural resources: subsistence farming and grazing on marginal lands, overuse of surface
water sources and wetlands, and fuel wood harvesting. Consequently, acute pressure is
exerted on the environment leading to eventual degradation. (World Bank 1989; Mabogunje
1995).

Watts’ (1987) review of the ecological context and conditions of operation, human
knowledge and effort geared toward food production under environmental uncertainty, and

the socio-political and economic changes in semi-arid West Africa, summarized as follows:
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“peasant knowledge and practice is overridden by forces that compel peasants and pastoralists

to destroy their own environment in attempts to delay their own destruction.”

2.3.1 Sustainable agriculture

Declining water availability in semi-arid West African has serious repercussions on the
agricultural development of the area. Rainfed farming is adversely affected, while irrigated
agriculture and animal rearing are facilitated only at locations accessible to surface and
groundwater sources. Otherwise, up to eight months of the year become an idle period for
most of the rural population, except for those engaged in other non-farm economic activities
(rural industry). Therefore, the demand for water for agriculture, rural industry, and domestic
uses exerts tremendous pressure on the limited water resources and the environment.

Because water is a major input in the agricultural sector, which provides employment
and food to the rural and urban populations, water must be exploited to facilitate agriculture.
But in order to avoid the stated repercussions, there is need for better management of water
resources to enhance sustainable agriculture and rural development in this semi-arid
environment. The question may then arise “How sustainable can agriculture be in the ASA
areas of LDCs?” The lack of a precise definition of the concept of *'sustainable development”
makes the question difficult to answer. However, a considerable consensus has evolved in
support of the main idea that it is both morally and economically wrong to consider the world
(natural resources) as a business liquidation (Daly 1991; Caldwell 1994), and this implies an

increasing consensus on the need for sustainable development (Kumar et al. 1993).
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A generally acceptable connotation of “agricultural sustainability” is feasible following
Douglas’ (1984) work. He identified three schools of thought regarding agricultural
sustainability: (i) the economists’ viewpoint which is concerned with greater production
efficiency and views agriculture primarily as an instrument for food sufficiency; (ii) the
ecological view point that sees agriculture as being unsustainable because it depletes, pollutes,
or disrupts the ecological balance of natural systems, but subscribes to ecological stewardship;
and (iii) the “alternative” agriculturalists whose ideas are similar to the second group but
promote vital and coherent rural cultures for environmental preservation. Compromising these
schools of thought, Douglas conceptualized that “agriculture will be found to be sustainable
when ways are discovered to meet future demands for foodstuff without imposing on society
real increases in social costs of production and without causing the distribution of
opportunities or incomes to worsen.” However, it is evident that current production
structures are unsustainable.
van Kooten (1993) quoted Hileman’s definition of sustainable agriculture as follows:
“Sustainable agriculture is a system approach to farming that seeks to develop a
multiyear practice that takes advantage of whatever is produced or can be produced
on the farm, including naturally occurring beneficial biological interactions, to ensure
soil fertility and keep losses from pest, weeds, animal diseases within acceptable
levels. The aims are adequate productivity and profitability, conservation of resources,
protection of the environment, and assured food safety.” (Hileman 1990, p. 27).
This definition seems to embrace the three schools of thought noted by Douglas (increased

productivity, stewardship, and preservation) and tends to relate sustainability with

conservation. It is also in line with the doctrines of sustainable development (World
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Commission on Environment and Development 1987). Therefore, it presents an acceptable

definition of ‘agricultural sustainability’ for use in this study.

2.4. Towards a sustainable agricultural development

The growing concern over water scarcity and its effects on the world’s population,
particularly the developing countries, has called for better water management strategies.
These have been viewed from different perspectives by various workers. For example
Gustafsson (1980) suggested an ecological approach to water management which
incorporates spatial variability in both water availability and population distribution on a
regional rather than global scale. Mutiso & Thompson (1987) advocated an integrated rural-
water resource development management strategy through the determination of water
balance. It provides qualitative information on water resources potential, including spatial and
temporal distribution of untapped water resources, possible resource exploitation, and optimal
utilization. Falkenmark (1989) suggested an integrated soil-water-nutrient-vegetation
conservation approach. And Mitchell (1990) has documented comprehensively the various
approaches to integrated water management.

Since agriculture is still the predominant economic activity, the relationship between
water and development is strong. Agriculture is the largest consumer of water and water is
the most crucial input for agricultural production. Thus, water scarcity is a major impediment
to agricultural development with a resultant food shortage and insecurity. In order to achieve

sufficiency in food production. the available water resources have to be augmented for both
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rainfed and irrigated agriculture. This must be carried out in a manner which ensures
agricultural sustainability without jeopardizing future food production. Unlike water-rich
developing countries, especially southeast Asia, where improved crop varieties have been the
major technological breakthrough in agricultural advancement, existing water management
practices in irrigated agriculture, the only option for water deficit areas, must be ameliorated.

Pradhan (1993) observed that irrigated agriculture is “a strategically important sector
of the Nigeria economy” and needs to expand. Since this may lead to drastic increase in water
demand within limited supply, it can only be sustained by good water management and
conservation strategies. Most efforts at managing the water resources in the drier parts of
developing countries have been through the construction of large-scale dams along major
rivers for the provision of municipal water supply and irrigation development. Unfortunately,
most of the river basin development projects, for example the Sokoto Rima river basin
development (Bakolori dam) project in Nigeria have not performed to expectation due to
managerial and institutional bottlenecks, and operational constraints among others(Mitchell
1994). Rather, they have contributed to more environmental problems, degrading wetland
ecosystems and depriving water to users downstream (Adams 1986, Scudder 1989,
Mabogunje 1995).

Although small-scale irrigation initiatives have been introduced, they have faced
problems similar to the large-scale schemes, particularly, technological fixes (Kimmage 1991)
and adverse effects on traditional activities (Kimmage & Adams 1992). However, many

contributors have written in favour of small-scale irrigation projects and the need for farmer
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participation in decision making (Adams 1986, Gladden & Phillips-Howard 1992). Small-
scale irrigation initiatives, if properly harnessed will provide the most viable and sustainable
agricultural development in this semi-arid zone. Efforts at rainwater harvesting and rainwater
farming in water-scarce North and East Africa have been reported by Asswad (1995) and

Amntzen (1995) respectively.

2.5. Case study: Katarko village

Katarko is a village of about 3,000 people located in semi-arid north eastern Nigerian.
Rainfall, streamflow, groundwater data for the village is not yet available. But it has similar
environmental characteristics and human activities as the rest of northern Nigeria or the Sahel.
Our literature suggests that most studies related to water resources in this region have been
discipline specific and more generalized. Aninterdisciplinary perspective and on a micro-scale
has therefore been taken to investigate the situation in this area. This will facilitate an
understanding of the direct and indirect effects of this man-environment relationship and
measures adopted by the people in coping with declining water availability, declining
agricultural productivity, and degrading environment, towards sustainability.

The study investigates the nature of water demand in the entire economy with two
main objectives: (i) establishing the relationship between the production of goods and services
(commodities) and the use of ecological commodities (water, land, and vegetation) in the
economy, and (ii) ascertaining the total water requirement (direct and indirect) of the different

sectors of the economy (particularly in agricultural-related activities). In other words,
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determining the effect of each activity on water availability, their impact on the environment
and interrelationships in the local economy. This will be investigated using the model
parameters and indigenous knowledge systems.

This approach follows the framework of the input-output (commodity-by-industry
economic- ecological) model. It considers the interactions within the economic system and
between it and the ecological system with particular reference to water. This framework
facilitates the projection of water demand by estimating water requirements in the various use
sectors. By incorporating the environmental (ecological) sector, the source of water and other
environmental factors (ecological commodities), into the accounting system, it is possible to
determine the total water requirement of the region (community) by means of computer
simulations. Indigenous knowledge systems will help elucidate the nature of the problem and
coping strategies. Under drought conditions agricultural activities for example, will be
constrained due to water scarcity. Farmers may develop water conservation strategies or
adopt new technologies. Under such circumstances, the production process will be affected
and thus the technical coefficients of the model (use and make matrices). Consequently, the
coeflicients of the model will be adjusted to fit such changes (Dabi, 1996).

Preliminary results from field data indicate that agriculture, compared to domestic and
industrial uses, is the highest consumer of water in the village (see figure 2.5). Agricultural
water is demanded mostly for irrigated farming and for watering animals. Existing
technologies for water collection, storage, delivery and use are basically traditional. Few dry

season farmers use machines to pump water from wash bore-holes to irrigate swamp rice and
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wheat for external markets. Generally, crops grown are traditional market garden vegetables
consumed locally. Olsson (1993) and Hess et al. (1995) have indicated a close association
between crop (grain) yield and the number of rainy days; therefore, rainfed farmers who grow
staple crops may be forced to engage in some form of irrigation if the rate of rainfall decline
in the region continues.
(Figure 2.5 about here)

The model described above is being constructed by the authors to determine the
transactions between the economy and the environment with particular reference to
agriculture and water use. The research requires further field investigations. Thus, a second
field season aimed at developing scenarios of water use efficiency has been scheduled for the

next dry season.

2.6. Concluding remarks and suggestions

This paper identifies five interrelated conditions of water scarcity as follows: (i)
andity, a permanent shortage of water caused by a dry climate; (ii) droughts, irregular
phenomena occurring in exceptionally dry areas; (iii) desiccation, drying up of the soil and
landscape due to deforestation and overgrazing; (iv) water stress, due to increased per capita
demand over fixed levels of water supply; and (v) inaccessibility, due to adverse economic,
institutional (socio-political and educational), and technological bases to harness and manage
the potential water available. These can be regrouped into two; the first two are climatic and

the latter three man-made.



31

Further, the paper identify three problems of unsustainable agricultural development
and environmental degradation emanating from this water scarcity: (i) a relative decline in per
capita food production; (ii) continued poverty and food insecurity, and (iii) endemic
environmental problems which include deforestation, overgrazing, soil erosion, ecological
degradation, and desertification.

In order to achieve a sustainable agricultural development policy in the region, the
following suggestions are advanced: (i) development of small-scale irrigation schemes and
maintenance of a relatively high but sustainable levels of productivity; (ii) cultivation of
drought resistant crop varieties with high utility value, adaptable to the natural and socio-
economic setting; (iii) facilitate the use of local inputs, organic manures and other farm
nutrients in order to optimize the rate of turn over and enhance the recycling of matter; (iv)
use of appropriate technologies suitable to meet the needs of farmers and pastoralists; (v)
development of rainwater harvesting and farming practices to maximize the use of water
normally lost to evaporation; (vi) encourage better water management strategies during
withdrawal, storage, delivery and use; (vii) establishment of an enabling political environment
and willpower for and participation by the inhabitants; and (viii) conduct micro-scale
multidisciplinary researches such as the one outlined for Katarko village to establish the
possibility of attaining these suggestions. Authors of this paper are currently working along

those lines. Their findings will be reported elsewhere.
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Source: Glantz (1987)
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Figure 2.3 General pattern of crop production
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Figure 2.5 Pattern of water use in Katarko village, Nigeria.
Source: Field survey (1995)
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Abstract
This paper investigates water use in a rural village in semi-arid Northern Nigeria. Water use
is viewed from the perspective of four production sectors (agriculture, rural industry, trade
and services) as well as domestic (drinking, cooking and sanitary) uses. Water for these uses
may be from three sources: rain water, surface water, and groundwater. This study focusses
on groundwater. Results of a detailed survey indicate that groundwater use is dominated by
agricultural activities including irrigated vegetables and grains, tree crops, and animal rearing.
A ratio of water use to income generated is used as a measure of water intensity that can be
compared across activities and commodities. Agricultural commodities, especially irrigated
vegetables, grains and trees, are shown to be the most water intensive. The results provide
useful background information for the development of predictive models and water

conservation strategies.

Key words: Water, Sahel, Village, Irrigation, Conservation.
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3.1 Introduction

This paper presents an analysis of water use in a drought-inflicted village in northern
Nigeria. [t represents the preliminary findings of a research project whose objective is to
assess the implications of aiternative rural development scenarios for water use and water
scarcity. As a first step toward such an assessment, detailed household surveys were
conducted to determine the direct and indirect water requirements of all village activities.
The goal is to help to identify scenarios for more efficient water use by determining those
activities whose benefits to the local economy are greatest relative to their impacts on water
resources.

At the heart of our analytical approach is the assignment of all village activities to
categories for which input-output relations can be measured. The village economy is thus
represented as a set of interrelated industries producing a larger set of commodities.
Industries are groups of firms or households that produce goods or services for intermediate
or final demand. Commodities are the individual products of the industries. Each industry
produces one or more commodity, and in principle the same commodity can be produced by
more than one industry. Goods such as water and fire wood which are extracted directly from
the environment for use in the economy are referred to as ecological commodities (Miller and
Blair, 1985; Dabi, 1996).

Data collected in the village chronicle the typical water use of a sample of households
and firms engaged in various industries. Data on water use for domestic activities such as

cooking and washing weer collected at the same time. On the basis of the sample, rates of
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domestic and industrial water use were inferred. Data on the sales and purchases of
commodities within the village and trade of commodities outside the village were also
recorded. These data on local economic relations serve two purposes: first, to produce
measures of the economic benefits of various industries to be contrasted with their water
requirements; and second, to provide a basis for calculating the direct water requirements
implicit in the patterns of economic transactions. (Indirect water demand is beyond the scope
of this paper. It will be discussed further in the conclusion section.)

The remainder of the paper is organised as follows. The next two sections provide
background on the rural economy of Nigeria and on the village of Katarko, where our study
was conducted. The next section describes our field survey methods. A “Results” section
presents a variety of indicators summarizing water use and economic benefits at the industry
level. Finally, a number of generalizations are drawn from the results and the next stage in our

research is described.

3.2 Background

Agriculture is the major economic activity in the rural areas of Nigeria. It provides the
means of livelihood (food) and employment for the ever-increasing population. Prior to the
discovery of oil in commercial quantity, agriculture dominated the Nigerian economy,
accounting for about 60 percent of GDP and more than 75 percent of export earnings
(Oshikoya, 1990). The primacy of agriculture was diminished by the oil boom in the early

1970s. However, because of the fruitless efforts by the Nigerian government to industrialize
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the nation, and the dwindling nature of the oil industry, the agricultural sector, which still
employs over 75 percent of the rural population, remains the mainstay of the Nigerian
economy.

Conditions for agricultural production are in a state of decline. Desertification has
been widespread in the semi-arid zone of northern Nigeria following the recurrent droughts
between 1968 and 1987 (Glantz, 1987; Payne, et al, 1987, Sivakumar, 1991). Rainfall, the
major source of water, is very seasonal lasting for a period of about four months in a year
(June to September) and fluctuates considerably, with annual averages ranging between 500
and 1000 mm and the number of rain days between 40 and 100 per year (Woo and Tarhule,
1994). This means that the growing season is short and animal rearing adversely affected.
Irrigated agriculture and animal rearing are viable only at locations where surface and
groundwater sources are accessible. Without that, up to eight months of the year become an
idle period for most of the rural population, although some people engage in other non farm
economic activities such as rural industry, trade and services.

Various studies have indicated progressive decline in rainfall in the subregion (for
example, Olaniran, 1991, Anyadike, 1993; Hess, et al, 1995). Thus, water demand for
agriculture (crop production and animal husbandry), non farm activities (rural industry, trade
and services), as well as domestic use is exerting tremendous pressure on the limited water
resources (Kimmage, 1991). The allocation of water to these competing uses has been based
entirely on traditional practise. Often, inefficient decisions are taken leading to severe

shortages for some if not all the uses with inevitable adverse repercussions. There is the need
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for better management of water resources to enhance sustainable rural development in this
semi-arid environment.

Large-scale dam projects aimed at improving agricultural production, promoting rural
development and providing support services to urban centres have not performed up to
expectations mostly due to institutional and managerial bottlenecks. This has shifted the
research focus onto integrated water management (Salau, 1990; Mitchell, 1994) and the
promotion of small-scale irrigation (Adams, 1986; Adams and Carter, 1987; Kimmage, 1990:;
Kimmage and Adams, 1992).

Most studies concerned with environmental predicaments of this region have been
discipline specific and conducted at a regional scale (for example, Falkenmark, 1989;
Falkenmark and Lindh, 1993). To gain a better understanding of the direct and indirect effects
of this man-environment relationship and coping strategies in this vuinerable region, however,
muiti-disciplinary studies conducted on a local scale are also needed. The Jos-McMaster
Drought and Rural Water Use Research Project is an example of such a multi-disciplinary and
locally focussed study. It is a combined effort of Nigerians and Canadians working on such
diverse topics as hydrology, regional economic analysis, demography, community
development, health, and indigenous knowledge systems. All of this research is focussed on
the village of Katarko (described below.) The work described in this paper is a component
of the Jos-McMaster Project which examines the demand side of water use in the village

economy.
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3.3 Study area

Katarko village in Yobe State, Nigeria, is the area selected for the case study.
Located within the semi-arid zone of northern Nigerian at 11°33'N and 11°5S'E, it is about
20 km southeast of Damaturu, the State Headquarters (see figure 3.1). It has similar
environmental characteristics and human activities to the rest of the Sahel region. It is prone
to droughts, and experiences water scarcity, as described earlier. Agriculture and animal
husbandry are the major economic activities. As in most rural areas in this region, the lack of
most urban facilities such as piped water and electricity, and the limited nature of government
assistance, leaves its people to the mercy of the environment.

(Figure 3.1 about here.)

The village came to being under the name Bijimiram by 1937. The early settlers were
mostly the Kanuni who were subsequently joined by other tribal groups including the Hausa,
Karekare, Shuwa Arab and Fulani. These tribal groups exhibit some spatial differentiation,
with the Karekare, Shuwa Arab, and Hausa each concentrated into one or two village wards.
The Fulani are mostly in the village outskirts, while the Kanuri, who are still the dominant
group, are more widely spread. The settlement has been growing mostly due to immigration,
particularly by the Hausa and Fulani groups and more recently due to natural increase. Our
survey of May 1995 puts the population at about three thousand people.

The people of Katarko village depend on the limited rainfall, seasonal stream flow, and
especially declining groundwater sources for their domestic and economic needs. This

dwindling water availability is typical for its location in the Sahel savanna belt of the arid and
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semi-arid (ASA) zone of West Africa. The extensive sedimentary Chad Formation, which is
recharged by seasonal surface flow, is the main source of its groundwater. Its undulating
terrain is covered mostly by Sudan savanna-type vegetation, basically patchy grasses and
scrub as well as scattered acacia and baobab tree species.

Human economic activities are typical of most rural areas in the ASA zone and tend
to follow tribal affiliations: rainfed agriculture for the more settled Kanuri, Hausa, Kerekere
and Shuarab groups; animal husbandry (herding or rearing) for the Fulani group; irrigated
cultivation of vegetables and grains for the Kanuri group;, some animal and vegetation
gathering for food, fuel and construction for the Kerekere and Shuarab groups; and rural
industrial production of goods and services, traded mostly within the local economy by the
Hausa and Kanuri groups. Irrigated agriculture is limited to a short period and locations
accessible to surface and groundwater sources along the seasonal Annuma river on fadama
plots. (Turner (1985, p. 18) defined fadama as “land seasonally flooded or waterlogged.™)
Most of the fadama land is owned and cultivated by the Kanuri, and some by the Hausas who
introduced the irrigation initiative.

The village economy is a combination of subsistence and market activities with limited
external linkages. Each household produces agricultural commodities, some of which it
consumes and some of which are traded in an active local market. Most households are
involved in livestock (animal) husbandry, including pouitry. Only the Fulani and a relatively
small number among the other groups rear cattle. A limited amount of agricultural produce

is traded to the nearby urban centre of Damaturu and other towns in the region including
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Potiskum, Gujba, and Maiduguri. Many households engage in other economic activities
including small scale manufacturing and handicrafts, construction-related activities, food

preparation, and a variety of personal services.

3.4 Methods

The results presented in this paper are based on two surveys of households in Katarko
Village. The first a survey of all households to obtain basic population and activity data and
the second a sample survey to obtain more detailed economic and environmental (ecological)
information. Prior to commencing survey activities, a number of key informants including the
Bulama (village head), tribal group heads, major farmers, and school teachers, were consulted
to solicit information on the socio-cultural setting of the village, economic activities, and the
nature of water supply, demand and use. This information was useful for the design of the
survey instruments. The data were collected with the aid of three field assistants (two males
and one female who are residents of the village).

The population survey was conducted in May of 1995, as no population data were
available from the National Population Commission of Nigerian. All households in the village
were surveyed. Questions included the name of household head, number of wives, number
of children, wards and other dependants; source of water for household use, quantity
withdrawn, and purpose of use; and occupation(s) of household members and activities they
are engaged in.

Figures from the population survey provide basic information and were also used for
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sampling purposes in the more detailed survey that followed. There were 424 households with
a total population of 2,734 people. The economic activities of households were recorded and
assigned to four sectors: agriculture, rural industry, trade, and services. Within each sector
a number of industries were defined (27 in all.) Each industry produces one or more
commodities, of which more than 100 were identified in the survey. Table 3.1 lists the
industries and commodities, along with the number of households involved in the production
of each commodity. All households were engaged in some form of rainfed agriculture.
Somewhat less than half were engaged in various forms of animal husbandry and a rather
small group of households were engaged in irrigated agriculture. Among non farm activities,
large numbers of households were involved in weaving, trading, and vegetation gathering,
while smaller but still significant numbers engaged in diverse industries and services.
(Table 3.1 about here)

In order to gain a better understanding of the “input-output” relationships in the
village economy -- especially with respect to inputs of water -- a more detailed survey was
conducted on a sample of village households and industries. A multistage (stratified) sampling
procedure was used to draw the sample. Industries were stratified according to the number
of households participating in each. A sample of at least 20 percent of the househoids
engaged in each industry was taken. For those industries with fewer than ten households, a
50 percent sample was taken. A total enumeration (100%) was done for those industries with
less than five households. In all more than 250 interviews were conducted (see Table 3.2).

To ensure representativeness within the sampled industries, the enumeration included all
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possible commodities produced, by distributing the sample size for each stratum
proportionately over the identified commodities. For example, the irrigated agriculture
industry has nine (9) households producing five commodities by different numbers of
households in the following order: combined vegetables (all 9 households); tomato (6
households); gorongo' (all 9 households); rice (5 households); and wheat (1 household). To
ensure representativeness, one household producing each of the commodities was included
in the sample of five, instead of taking more from those with all households and none from
that with only one (1) household.

(Table 3.2 about here)

The respondents included men who were heads of households as well as men or
women who were heads of the production units. They were asked to list quantities and,
where applicable, market values of inputs used in the production of each commodity. Inputs
included locally produced commodities, such as inputs of agricultural commodities to the
milling industry or inputs of animals to butchery; inputs of ecological commodities including
water, forest products, and land; and inputs of commodities imported from outside the village.
The heads were also asked to divide their output of each commodity into amounts retained
for their own consumption or use, sold or traded to other households and industries, and sold
outside the village. (These data will eventually be used to develop an input-output modelling

system for the village economy. In this paper, however, they are used primarily for descriptive

' A local egg plant-like crop used as a stimulant and for coloring teeth by women.
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purposes.)

Respondents did not generally keep records of their transactions, especially for
quantities of items used in production processes and much of the information was based on
imprecise memories because some of the activities took place at a season other than the one
during which the data were collected. Efforts were therefore made to gather information and
establish figures that are reasonable via cross checks and queries during data collection and
use of standard measures from secondary sources. This gave rise to a lot of data that relate
to the quantity of inputs (particularly water) used for the production of commodities and the
quantity of output (sales) of these commodities to intermediate demand (other industries) and
final demand (household consumption and export). The results were recorded using physical
units (kilograms and litres) and monetary values (naira®) where applicable.

Quantities of water extracted and used for commodity production and household
consumption were ascertained from the survey responses and measurements. The water
basically comes from ground sources, deep wells within the village, shallow wells on the river
bed, and wash boreholes around the river flood plains used specifically for irrigation. There
are 33 village (deep) wells and several shallow wells. Twenty one of the deep wells are
located within compounds and owned by individual households as private property. The
remaining twelve are public, scattered around the village and accessible to all wards. The

shallow wells are dug on the bed and flood plain of river Annuma which bypasses the village.

? The Nigerian currency was pegged at twenty two naira to the US dollar in 1995.
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Some of the shallow wells are owned by irrigation farmers and located within their farm plots.
Most others on the river bed are common property and are within a walking distance
(between 200m and | km) from all wards. Therefore, the problem of accessibility to water is
not physical distance to the wells but reaching deep groundwater at the peak of the dry
season.

Consequently, labour demand for obtaining water in the various industries is not
necessarily different from most other unskilled tasks performed by the workers, except for the
water vendors who are sole proprietors. Water extraction and hauling are not clearly defined
along gender lines. Men, women and children (male and female) are all involved. However,
adults perform more of the skilled labour while children assist with the menial jobs at home
and at the production unit. In typical, fundamental Islamic households, particularly amongst
the Hausa and Kanun groups, only men and children and occasionally older women go out
to fetch water. This is because the women are usually kept in seclusion under the Purdah
system (a religious belief that restricts women from going out in public).

To a limited extent, surface water and rainwater are used in the rainy season. The
shallow wells are ruined by the flowing river in this period, but the village wells are full and
meet most of the demand. Surface water is only used for washing, bathing and recreation
(when children go to swim) or for watering grazing animals. Rainwater is rarely harvested
because of turbidity resulting from the thatched and mud roofs over most of the buildings.

For better measurements, field researchers (the first author and the three assistants)

went to the deep and shallow wells to determine quantities extracted and conveyed to
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households and industries. Household water is meant for domestic use (drinking, cooking, and
sanitary purposes) and industry for the production of commodities (goods and services) by
various economic activities. The quantity of water was determined by measuring the volume
of containers used for water extraction (withdrawal from wells) and those used for
conveyance (delivery). For example, households were observed to withdraw between four (4)
and 18 litres of water per day for domestic use, and up to 200 litres for other activities like
construction or sale by vendors.

Water consumed by animals was measured by monitoring the number of times animals
are watered and the quantity consumed in the process. The average size of containers (usually
4 litres) used for hauling water from the wells was determined. This was multiplied by the
number of times the water is poured into the animal’s drinking container (a half-sized barrel
or an opened gourd), and the result then divided by the number of animals that drank from
it. (The results were similar to estimates given by rearers.) The quantity of water extracted
for irrigation was determined from the rate of pumping (the quantity of water released
multiplied by the duration of irrigation) using 2-3 horse power engines (water pumps) or the
number of calabashes (gourds) of water delivered to the cropped area using the Shadoof
method, a traditional method of delivering water from the source through channels or gutters
to the cropped area. These quantities were calculated for a week and multiplied by the number
of weeks the crops were irrigated.

Data were collected on a daily basis (from morning to late evening) by monitoring the

number of times individuals visit the wells. The monitoring was spread over the two seasons.
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Water extraction data from deep and shallow wells was collected between May 16 to 19 and
June 16 to 19 to cover every day of the week in the dry period. The same process was
repeated for only deep wells between July 9 to 12 and August 9 and 12 for the rainy season.
(This is because the shallow wells were inaccessible as indicated above.)

Some diurnal variations were observed. More water was extracted for use in the trade
sector on Thursdays, the weekly market day in the village. For other activities, more water
was extracted on the nonmarket days because people tend to concentrate on their routine
activities. Water for domestic use was about evenly spread. Extraction was concentrated in
the early mornings (6-8.00am) and late afternoons (4-5.00pm). Crops are usually irrigated
after water has been drawn in the morning and evening, while animals are usually watered in
the afternoon.

Seasonal variations were also observed. During the rainy period, water extraction for
construction (brick making and building) and animal watering declined, and irrigation virtually
ceased. Quantities extracted for the other industries and households did not show any
significant change. Wells are usually recharged seasonally, during the rainy season.
Groundwater draw down reaches its lowest level at the peak of the dry season (April/May to
early June). This is when most of the village (deep) wells run dry. Henceforth, during the
remainder of the dry or ‘water scarce’ period, the shallow wells are the most dependable
source of water. At this period, we also noticed some daily fluctuations in water levels,
reflecting diurnal variations in demand.

Quantities of vegetation (wet and dry leaves, branches, stems, and roots, of grasses,
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herbs, shrubs and trees as well as fruits) extracted for use in industries and households were
also determined. Because this was wild vegetation extracted from the bush, which is very
extensive and uncontrollable, it was difficult to determine the extent of degradation. However,
these values present useful information for environmental resources accounting not covered
in this paper.

The area of farmlands for all agricultural activities (rainfed, irrigated, annuals and tree
crops) was measured as well as quantities of earth material extracted for use in the various
industries. Quantities for building, brick making (moulding), and pottery were determined
indirectly from the quantity of commodities produced. Another indirect method was to

measure ditches left after these activities were carried out.

3.5 Results

Information from the sample survey was summarised to determine average household
inputs, outputs, and earned income for each commodity on a daily or weekly basis. The
average values were then multiplied by the number of households producing each commodity.
The resultant values were then multiplied by the production period (duration over which
commodities are produced). Whereas certain activities such as irrigated agriculture and
rainfed crops are seasonal, others such as cassava growing, tree crops, and trade operate all
year round. Services may be rendered seasonally or throughout the year. While certain goods
from the rural industry may have even shorter durations, daily, weekly, or seasonal, depending

on demand.
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All the data were cautiously processed before the projections and aggregations were
done. The projections were made from a sample of commodity producers to represent the
population of all households involved. The aggregations involved regrouping of
commodities to the production units (industries) and then into the four sectors: agriculture,
rural industry (manufacturing), trade, and service. We expect some amount of error to have
occured in the process, but it was necessary to allow a better description of the economy as
a whole.

An income measure was calculated as an indicator of the volume of activity in each
industry. The total income earned from the sale of each commodity to local or external
markets was estimated based on the survey. This was crosschecked against prices observed
in the market. This tells only half the story, however, since much of what is produced,
especially in agriculture, is retained by the household for its own consumption or use. An
imputed income is calculated by multiplying the amount retained of each commodity by an
observed market price. (This represents the amount the household could have earned by
selling the retained commodity - or, put differently, the amount it would have to pay to
purchase that quantity.) The total income associated with each industry is taken as the sum
of the earned and imputed incomes from all the commodities it produces. Table 3.3 shows the
income estimates. Clearly agriculture dominates the local economy, accounting for 60% of
total village income. Rainfed crops alone accounts for more than 40%. Irrigated agriculture,
however, accounts for less than 1%. Of the non-agricultural activities, the largest is

vegetation harvesting.
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(Table 3.3 about here)

Another important indicator of activity levels in a rural economy is land under
cultivation. Table 3.4 shows the distribution of cultivated land to the various rainfed,
irrigated, annual, and tree crops. Clearly land use is dominated by a few rainfed crops: guinea
corn, millet, maize, beans, and groundnuts. In fact, all crops requiring irrigation (including
cassava, and tree crops) take up only .12% of land in cultivation. These crops are very
important, however, from the perspective of water use.

(Table 3.4 about here.)

Figure 3.2 shows the breakdown of groundwater use into the four economic sectors
and domestic uses. We focus in what follows on groundwater use despite the fact that smaller
but still significant amounts of surface water are also used as discussed earlier. Surface water
is available only during part of the year, drawn primarily from the seasonal river, and it is very
difficult to measure the amount used (as, for example, when animals drink directly from the
river.) More important, the amount of surface water used by the villagers does not impact
significantly on its availability. Since groundwater availability is highly sensitive to the amount
drawn out by villagers, it is the water source that most needs to be conserved, and therefore
the focus of our analysis.

(Figure 3.2 about here)

Figure 3.2 indicates that despite the small amount of land devoted to non rainfed

agriculture and the small number of households engaged, it accounts for the lion’s share of

groundwater use in the village. Even the domestic use of all 424 households is only one third
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as much as that used for irrigated crops, annuals, tree crops, and animals. Table 3.5 shows
the breakdown of this to different types of activities. Combined plots, in which several
vegetables are generally grown together, consume the most water, followed by the irrigated
grain crops (wheat and rice.)

A couple of interesting things can be observed from Table 3.5. The first is that animals
account for a surprisingly small share of groundwater use. This is because larger animals drink
exclusively from surface water during the wet season and may be driven out of the village to
areas where surface water is available during the rest of the year. Thus, groundwater is only
a supplementary water source for most animals. The second observation is that water use is
not directly proportional to land use. Cassava and tree crops use significantly less water than
irrigated rice and wheat, despite the fact that the former two occupy much more land than the
latter two.

The variation of water intensity across crops is bo;ne out by Figure 3.3 which shows
the use of water on a per-bag’ of produce basis. Here rice and wheat are the most water
intensive crops. Irrigation for combined vegetable plots involves a labour intensive method
whereby water is directed to individual plants, and is therefore more water-efficient.

These results create an impression that cultivation of irrigated rice and wheat is

‘extravagant’ in its use of groundwater resources. It is important to balance this view,

3 One bag equals roughly 50 kilograms, although this varies across crops. The bag
is used as the basic output measure in the survey because it is a standard measure used in
the village and therefore respondents could more easily estimate total bags than total
kilograms.
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however, by considering the benefits to the villagers of producing the various food
commodities. To do this, we have estimated a measure of income associated with the
production of each crop. (As before, both earned and imputed incomes were included.) We
recognise that exchange values may be an imperfect measure of benefits, but they at least give
us a “common denominator” on which to base comparisons of water intensity.

Figure 3.3 also shows the ratio of water to income (in litre per naira) of the same five
irrigated crop types. Here combined plots and gorongo again appear to be more water
efficient than tomatoes, owing to the low market value of tomatoes. The proportional
difference between the water-income ratio of either rice or wheat and combined plots is
smaller than the corresponding difference for the water-output ratio. This reflects the high
market prices of rice and wheat which are sold to external markets. In light of this, the
amounts of groundwater the villagers are willing to devote to irrigated grains is not as
surprising.

A similar analysis was done for all four economic sectors. The water- income
relationships for the aggregated sectors and their constituent industries are shown in Table
3.6. Agriculture is by far the most water intensive activity, although this conclusion may be
exaggerated by the fact that only direct water use is measured here, and non-agricultural
activities may have significant indirect water impacts. (See further discussion below. ) Irrigated
crops are the most water intensive followed by annuals (cassava) with animal husbandry as
the least. (The value for trees is not shown because no income is yet being generated by the

industry.)
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The water-income relationship for individual industries in the rural industry sector are
all low compared to the agricultural sector, but they show significant variation. In particular,
the production of bricks and construction activities use far more water per naira of income
than any of the other rural industries. Food preparation industries (butchering and catering)
are more water intensive than other trade industries, but still very low even when compared
with brick making and construction. All service industries have extremely low water
intensities, with education being the highest because it includes the weather observatory which
uses large quantities of water.

It is important to note that some of the results based on water-income ratios may be
attributable to the fact that commodities sold locally generate less income than those (for

example, rice, wheat, fish and firewood) sold in urban markets like Gujba, Damaturu,

Potiskum or Maiduguri.

3.6 Discussion and conclusion

Groundwater is a critical resource for the rural villages in the semi-arid Sahel zone.
Formulating conservation strategies and assessing the water impacts of aiternative
development scenarios requires baseline information on where available water is going and
how it contributes to the local economy. The survey-based results reported here provide such
information.

The most important resuit from the survey is that irrigated cultivation of vegetables

and grains accounts for more than half of all groundwater consumed in the village. In spite
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of this, irrigated agriculture accounts for a very small proportion of the agricultural land, is
practised by a relatively small proportion of households, and generates relatively little income
in aggregate (although for those households engaged the income contribution is significant.)
Animals also consume a significant amount of groundwater, but this amount is smaller than
might have been expected given the large number of households that keep animals and the
large amount of income they generate. However, animals often benefit from other sources of
water from different locations especially while pasturing.

These results point to the need for a more comprehensive approach to water
management that addresses the costs and benefits of alternative development scenarios --
especially in light of the emphasis placed on irrigation in rural Nigeria (Pradhan, 1993.) In
particular, those responsible for water conservation should be aware that unchecked growth
in irrigation, especially of grains, could lead to rapid depletion of already precarious
groundwater stocks.

An important shortcoming of the analysis presented above is that it deals only with
the direct water requirements of the various commodities produced in the village. This
probably results in an underestimate of the total water impact of non-agricultural activities
that have both direct and indirect requirements. For example, a butcher uses only limited
direct water inputs for cleaning the carcass. The indirect water requirements for the meat he
provides, however, includes the water provided to the animal during its lifetime, plus any
water used to grow fodder fed to the animal. Thus the total (direct and indirect) water

intensity of the commodity meat may be quite high. An approach to calculating the direct and
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indirect water requirements for all commodities will make it possible to estimate the impact
of changes in the production of final goods for consumption in the village or for export on
groundwater stocks. The authors are currently developing an input-output modelling

framework based on the survey results that can produce such estimates.
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Figure 3.2  Distribution of groundwater consumption
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Table 3.1: Sectors, Industries, Commodities and Participants in Katarko

72

Agricaltursl Sector Trede Sectar
Number of Number of
Industry Commedities Households * Industry Commodities Households *
1. Rainfed Agriculnare Guincas com 424 14. Buichery Meat processing 14
Millet 424
Maize 24 15. Catering/Trading Yogurt & flour balls 128
Ground (pes) nuts 254 Cassava (boued). 6
Beans (cow peas) 2 Pormidge $
Calabash 424 Food (com/nce&beans) 1]
Pumpkins | ] Teakbread 3
Benniseed 13 Bean cake 20
Okna m Local soft 6
Jute 40
Vegetables 24 16. Fishing Fresh & roasted fish 16
Garden cgg (local) | ]
Bambars nut n 17. Hunting Bush anamals 10
Rice 2
Cotton 3 18. Water vendors Water 7
2. Lirigated agneul Combined vegetabl 9 19. Vegetation harvesting ~ Wood 0
Tomato 6 Lasves 20
Egg plant (gorongo) 9 Fruits 18
Rice 5 Grashay 128
Wheat !
3. Imgaed/rainfed (annuals) Cassava 1} Service Sector
4 Tree crops (Orchards) Cashew 1 Number of
Mango ! Industry Commodities Households *
Guva 2
Onnge 1 20.T VMachanical Radio, watch: 4
Paw paw 1 repairs Bicyclea, ores 4
. Arumal husbandry Catle 9 21. Caspentry Roofs, windows & doon 4
Oxen 113 Kiosks, Furnuture malang 4
Sheep 169
Goats 169 22. Transporution Cattle rach 16
Poultry (burds) 178 Bicycles. 3
Donkeys 16 Buses.  §
Horses 2
2. Tailonng & demgn Clothe seming & cap devgn s
Rursl industry Sector 24. Hairdreming/Barbing Haur plating and barbung [}
Number of 25. Education Teactung 6
ladustry Commodities Households *
26. Household Labor. Farm and off-farm labor 0
6. Brick making Bnecks 12
27. Other services Health and farm extennion
7. Building Constructors Trad./Madern walls services $
Mud roofs and floors s
§ Pottery Pots 20
9. Blacksmuthing Farm tools H
Weapons 2
Utencils 7
10. Wood carving Handicrafts 15
1. Calabash carang Calabashes & local spoons. ]
12. Weaving Roof tops. 30
Stalk fences (danga). -]
Grass mats, paim mats. n
Ropes, brooms, Gwead. H
Mattreases L}
13. Milling Grairs Uveshing & milling $
Ground sut ol exwaction k] © howssholds with one or more member acttvely mvolved
Ground aut cake 3s & production of the comenodity




Table 3.2: Sample Sizes and Proportions

Industry Active Sample Sample
Houscholds size Proportion
|. Rainfed Agriculture 424 85 20.0%
2. Irrigated agriculture 9 5 55.6%
3. Imgated/rainfed (annuals) 24 5 20.8%
4. Tree crops (Orchards) 2 2 100.0%
5. Animal husbandry 175 35 20.0%
6. Brick making 12 3 25.0%
7. Building Constructors 5 3 60.0%
8. Pottery 20 4 20.0%
9. Blacksmithing 7 4 57.1%
10. Wood carving 25 5 20.0%
1 1. Calabash carving 5 3 60.0%
12. Weaving 85 17 20.0%
13. Milling 35 7 20.0%
14. Butchery . 14 3 21.4%
15. Catering/Trading 125 25 20.0%
16. Fishing 16 4 25.0%
17. Hunting 10 5 50.0%
18. Water vendors 7 4 57.1%
19. Vegetation harvesting 125 25 20.0%
20. Technical/Mechanical repairs 4 4 100.0%
21. Carpentry 4 4 100.0%
22. Transportation 36 8 22.2%
23. Tailonng & design 5 3 60.0%
24. Hairdressing/Barbing 8 4 50.0%
25. Education 6 3 50.0%
26. Household labor. 60 12 20.0%
27. Other services 5 3 100.0%

73
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Table 3.3: Household Income (by sector and industry).

Sector Industry Income
(‘000 Naira/yr)
Agriculture I Rainfed agriculture 25245
2 lmmigated agriculture 652
3 Cassava (annuals) 68
4 Tree crops (Orchards) 0
5 Animal husbandry 10373
Total 36337
Rural industry 6  Brick making 734
7  Building Constructors 619
8 Pottery 323
9  Blacksmithing 84
10 Wood carving 534
11 Calabash carving 28
12 Weaving 1035
13 Milling 742
Total 4099
Trade 14 Butchery 1494
15 Catering/Trading 312
16  Fishing 632
17 Hunting 147
18  Water vendors 35
19 Vegetation harvesting 12401
Total 15021
Service 20 Technical & Mechanical repairs 132
21 Carpentry 99
22 Transponation 2049
23 Tailoring & design 48
24 Hairdressing/Barbing 17
25  Education 144
26  Household labor. 1785
27  Other services 9
Total 4283

Grand Total 59740




Table 3.4: Cultivated Farmilands in Katarko

Commodity Land Area Land ratio

{crop) (hectares) (percematge)
1. Guinea corn (sorghum) 9280.2 29.846%
2. Millet 5192.5 16.700%
3. Maize (com) 4650.3 14.956%
4. Beans (cow pea) 42543 13.682%
5. Calabash 146.8 0.472%
6. Vegetables 81.6 0.262%
7. Okra 93.5 0.301%
8. Ground (pea) nut 5767.8 18.550%
9. Pumpkin 58 0.019%
10. Beniseed 11.0 0.035%
11. Egg plant 6.8 0.022%
12. Bambara nut 443.2 1.425%
13. Jute 239 0.077%
14. Rice (upland) 950.4 3.057%
15. Cotton 138.8 0.446%
16. Combined vegs 8.3 0.027%
17. Tomato 14 0.005%
18. Gorongo 3.2 0.010%
19. Rice (wetland) 04 0.001%
20. Wheat 0.5 0.002%
21. Cassava (annuals) 20.2 0.065%
22. Tree crops 129 0.041%

Total 31093.8 100.000%




Table 3.5: Groundwater use for irrigation
and animal husbandry

Commodity Water (litres) %
1. Combined vegetables 176000 254
2. Tomato 96000 13.8
3. Gorongo 60000 8.6
4. Rice (wetland) 144000 208
5. Wheat 120000 17.3
6. Cassava (annual) 7360 1.1
7. Trees 72000 10.4
8. Animals 18358 2.6

Total 693718 100.0
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Table 3.6: Groundwater-output and groundwater-income relationships by sector

Sector Industry Groundwater:income
(litres/nairs)
Agnculture i Ramnted agnculture N/A®
2 Imgated agriculture 6.455
3 Cassava (annuals) 2.609
4 Tree crops (orchards) N/A®
5 Ammal husbandry 0.395
Average 3.183
Rural industry 6 Bnck making 1.412
7 Building construction 1.210
8 Pottery 0.046
9 Blacksmithing 0.063
10 Wood carving 0.022
11 Calabash carving 0.015
12 Weaving 0.018
13 Milling 0.150
Average 0.367
Trade 14 Butchery 0.066
15 Catering/Trading 0.217
16 Fishing N/A®
17 Hunting 0.006
18 Water vendors 2.000
19 Vegetation harvesting 0.010
Average 0.460
Service 20 Technical & Mechanical re 0.022
21 Carpentry 0.014
22 Transportation 0.017
23 Tailoring & design 0.055
24 Hairdressing/Barbing 0.076
25 Education 0.199
26 Household labor. 0.010
27 Other services 1.540
Average 0.241

* Not applicable
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Abstract

This paper examines the applicability of a commodity-by-industry economic-ecological model
(CIEEM) in a water-scarce rural village economy in a less developed country (LDC). Our
primary concern is model construction and determination of the direct and total requirements
of both economic commodities (interindustry transactions) and ecological commodities
(water, land and vegetation) used in the economy. Also considered is the discharge of
ecological commodities (wastewater and solid wastes) back to the environment. Results show
sparse sectoral interdependence within the economic system but a heavy dependence of the
economy on the environment. The most intensive users of water based on the direct effects
are animal husbandry, building and irrigated agriculture; based on total effects they are

catering, building and animal husbandry, in descending order.*

Key words: commodity-by-industry, economic-ecological, economic commodity, ecological

commodity, environment, water scarcity, rural economy, village, less developed country.
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4.1 Introduction

The main objective of this paper is to examine the applicability of a commodity-by-
industry economic-ecological model (CIEEM) to the economy of a water-scarce rural village
in a less developed country (LDC). The paper describes the model and presents the direct and
total requirements of both economic commodities (interindustry transactions) and ecological
commodities (water, land and vegetation) used in the economy. It also considers the discharge
of ecological commodities (wastewater and solid wastes) back to the environment.

Studies on water demand in developing countries have focussed on residential water
demand, analysing the quantity of pipe water used by households as a function of variables
such as income and price using traditional water demand models (for example, Danielson,
1979; Agthe and Billings, 1980). (These studies, however, have been criticized as
inappropriate for developing countries by Madanat and Humplick, 1993.) Extending the work
of Mu, et al (1990), Madanat and Humplick (1993) applied discrete choice models where
alternative sources of water are available, capturing direct water use in terms of choice
probabilities. However, water demand involves not only direct consumption by people but
also use of water as an input for production. Therefore, an input-output (I-O) type model that
captures both direct and indirect requirements will provide a more comprehensive approach.

In developing economies, water is generally an unpriced input. Thus, a model that
incorporates economy-environment interactions is needed for this application. The traditional
I-O model has also been extended in several ways to accommodate environmental issues.

These extensions are well documented in the literature (for example, Richardson, 1972; Miller
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and Blair, 1985; Lonergan and Cocklin, 1985; Huang, et al, 1994) and can be grouped into
three categories: poliution-generation models, economic-ecological models and environmental
commodity-by-industry models.

Although these extensions have had their criticisms (for example see Victor, 1972;
Johnson and Bennett, 1981), they all present comprehensive frameworks on which
modifications can be made. They have also contributed to the development of the emerging
interdisciplinary field of ecological (environmental) economics (Costanza, et al., 1991; Lesser,
et al., 1997) which differs from the conventional approaches in its accounting, modelling and
analysis of human and environmental issues. Ecological economics addresses the relationships
between ecosystems and economic systems and allows the quantification of environmental
concerns in either monetary or physical units. Although the nature of these interrelationships
is still being debated (Lesser, et al., 1997), the environmental extensions are credible for
application in LDCs where heavy dependence on the environment and natural resources
prevails and quantification is not always in monetary terms.

Most of the recent works on I-O models still adopt the traditional framework and have
been rather theoretical and methodological, relating to issues like methods of compiling I-O
tables (Viet, 1994), construction of coefficients (ten Raa, 1994), measurement and analysis
of total factor productivity growth (Wolff, 1994), and the comparison of economic-base and
[-O methodologies for economic impacts (Hughes, 1997). These studies involve applications
to regions in developed countries whose economies are more stable and advanced than those

in LDCs. Robison (1997) attempted to outline an I-O modelling approach suitable for rural
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areas by linking the economic base of an individual rural area in a developed economy with
its [-O accounts. He went further to develop a social accounting matrix (SAM) for the region
and model inter-community trade. Again, this study has relevance to rural areas but is not
necessarily adequate for those in developing economies.

What is perhaps more relevant to developing economies, where there is heavy
dependence on natural resources, is a modelling system that accounts for use of
environmental (ecological) resources in the economy. Consequently, estimates of the
contribution of natural resources at the lowest level possible should be accounted for,
preferably using physical units. They can be aggregated and incorporated into the national
accounts. Such a model can provide information necessary for a “bottom-up”
interdisciplinary approach to sustainable community development.

This study employs such an approach by incorporating both economic and ecological
factors in its accounting framework. It develops a valuable analytical tool for water resources
management in a drought inflicted area. We have focussed on scarce environmental resources
(water, land and vegetation) using a commodity-by-industry economic ecological accounting
system. Results are expected to contribute to the understanding of the sustainability of a local
economy dependent on the natural environment. The study will also provide some of the
estimates required for a more accurate national accounting framework and determination of

a feasible net domestic product.

4.1.1 Study area
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For the purpose of this research a typical rural settlement, Katarko village, in the semi-
arid environment of northern Nigeria was selected for a case study. By virtue of its location
at 11°33'N and 11°55°E, it lies within the drought-prone Sahel of West Africa (see figure 4.1).
Katarko village experiences similar environmental conditions as the rest of the region:
recurrent droughts, water scarcity and ecological degradation. The limited groundwater,
recharged annually by the declining rainfall and seasonal stream flow, is the major source of
water for domestic and economic needs in the village. Groundwater is accessed by means of
shallow and deep village wells from the extensive sedimentary Chad Formation. The
undulating terrain is covered mostly by Sudan savanna-type vegetation, basically patchy
grasses and scrub as well as scattered acacia and baobab tree species. These environmental
conditions have social and economic implications on three thousand people of Katarko who
depend heavily on the natural environment, and impose constraints on rural development.
(Figure 4.1 about here)

Human activities in most rural areas in this region are similar. Agricuiture and animal
husbandry are the major economic activities which tend to follow tribal affiliations. Rainfed
agriculture is practised by the more settled sedentary farmers who grow similar crops mostly
at subsistence level. Some of these farmers are also engaged in irrigated cultivation of
vegetables and grains. Animal husbandry (livestock rearing) is predominated by the less
settled nomadic groups who also engage in vegetation gathering for food, fuel and
construction. These and other groups are engaged in rural industrial production (small scale

manufacturing and handicrafts) of goods and services, traded mostly within the local
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economy.

Thus, the village economy is dependent on a combination of subsistence agriculture,
the natural environment and market activities with limited external linkages. Agricultural
commodities produced are either retained for household consumption or traded in an active
local market. A limited quantity of agricultural produce and other commodities is traded in
nearby urban centres: Damaturu (the state headquarters) as well as Gujba, Buniyadi,
Potiskum, and Maiduguri (other major towns in the region). Therefore, the village can still
be considered as an open economy. For a more detailed description of the village economy,

see Dabi and Anderson (1998).

4.2 Background
4.2.1 Input-output analysis

1-O modelling is essentially a method of analysis that takes advantage of the relatively
stable pattern of the flow of goods and services among the elements of an economy to bring
a much more detailed quantitative picture of the system. I-O analysis therefore, is a method
that “'systematically quantifies the mutual interrelationships among the various sectors of a
complex economic system” (Leontief, 1986).

In spite of their usefulness, I-O models have been criticized for their “homogeneity”
assumption that an industry produces a single commodity. This led to the development of the
commodity-by-industry 1-O framework, an aiternative approach that more accurately takes

into account secondary production. An industry can produce more than one commodity and
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a commodity can be produced by more than one industry. Accounting for secondary
production requires two sub-matrices, the make matrix (V) and the use matrix (U). Rows of
the make matrix describe the commodities produced (outputs) by industries in an economy
and columns describe the industry sources of commodity production. The use (absorption)
matnix records commodity inputs to an industrial production process. Row totals of the make
matrix plus row totals of final demand make up row totals of the use matrix. Subsequently,
the environmental input-output models were introduced to link the environment and the

economic sectors (Victor, 1972; Miller and Blair, 1985; Lonergan and Cocklin, 1985).

4.2.2 Environmental input-output analysis

Environmental extensions of the I-O model are meant to address environmental
concerns and to facilitate quantification of ecological commodities in either monetary or
physical units. The major problem has been the use of the appropriate unit of measurement
(Miller and Blair, 1985). The traditional model uses monetary values, but not all ecological
commodities have monetary values. In fact, in some rural areas in LDCs, not all economic
goods and services have specified monetary values.

The three basic categories of environmental extensions of the I-O model include: (i)
generalized input-output or pollution generation-elimination models, (ii) economic-ecological
models, and (iii) environmental commodity-by-industry model (Victor, 1972; Miller and Blair,

1985; Lonergan and Cocklin, 1985; Huang et al., 1994).
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4.2.2.1 Pollution generation-elimination models
The first attempt to incorporate environmental concerns into the traditional economic
I1-O model was by Cumberland (1966). He simply extended the rows and columns of the
traditional 1-O accounting framework, in the form of an interregional model (IRIO) first
presented by Isard (1951), to encompass environmental costs and benefits of production
sectors. Cumberland’s model has been criticized (Richardson, 1972; Victor, 1972) for its
ambitious attempt to place monetary values on environmental effects rather than measuring
them in purely physical terms. Such extensions form the group of pollution generation-
elimination models. Although interesting in their formulation they do not present a suitable

framework for this study because our concern is more on water scarcity than pollution.

4.2.2.2 Economic-ecological models

Daly (1968) led the way with the economic-ecological extensions of the 1-O model.
The basis of these extensions is the incorporation of environmental activities into an 1-O
framework using flow matrices within and between economic activities and environmental
processes. He employed a highly aggregated industry-by-industry characterization of the
economic sub-matrix and a classification of ecosystem processes, including life processes such
as plants, animals and bacteria, and non-life processes of the atmosphere, hydrosphere and
lithosphere. The work is basically a theoretical attempt to link biology and economics. It also
suggests a “general equilibrium system” not very differently from the material balance

considerations of Ayres and Kneese (1969). This is the flow of material resources from the
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environment to the economy for the production of goods and a return flow from the economy
of “externalities” back to the environment.

Isard (1968) had a similar approach, but instead of an industry-by-industry
characterization, adopted the commodity-by-industry accounting scheme. Isard’s model
recognises secondary production and accounts for multiple commodities, economic and
ecological, produced by a single industry. The model is “fully integrated” because it had an
“‘ecosystem sub-matrix” that accounts for environmental (or ecosystem) flows linked to the
“economic sub-matrix” of inter-industry economic flows. Although he attempted an empirical
application of the model by estimating the technical coefficients directly from technical data,
the model was not fully implemented because of the complexity of the ecosystem sub-matrix
and data availability (Isard et al, 1971; Richardson, 1972; Victor, 1972; Miller and Blair,
1985; Lonergan and Cocklin, 1985; Huang et al., 1994).

Ecological commodities are nonmarketable quantities that are either inputs to an
industry production process, for example water, or outputs generated (or discharged) by a
production process, for example pollution. Ecological commodities can also be classified
according to their sources of extraction and the sinks to which they are eventually discarded
and may be restricted to nonmarket materials such as water, land, air, etc. (Johnson and

Bennett, 1981; Miller and Blair, 1985).

4.2.2.3 Environmental commodity-by-industry models

Victor (1972), limited the scope of Isard’s fully integrated economic-ecological model
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to account only for flows of ecological commodities from the environment into the economy
and of ecological outputs (waste products) from the economy into the environment. Victor’s
“Limited commodity-by-industry economic-ecological model” is a conventional commodity-
by-industry table augmented with additional rows of ecological inputs and columns of
ecological outputs. It has two sub-matrices, the “Economic subsystem™ and “Ecological
subsystem.” Compared with Isard’s model, this model reduced the number of interactions
considered, especially the interactions within the ecological subsystem. Because the data
required are generally available, the model can be implemented with little difficulty (Miller and
Blair, 1985). Applications of these extensions have mostly been related to energy use and
pollution abatement for environmental and ecosystem management (Johnson and Bennett,
1981: Born, 1996). Huang et al (1994) applied an improved version of the commodity-by-
industry input-output model for regional solid-waste management with promising results.
The emphases these studies gave to pollution abatement may be attributed to the fact
that pollution in industrialized economies has reached intolerable limits, and is thus a problem
of immense concern. However, in rural areas of LDCs where large-scale industries are
nonexistent, the extent of environmental pollution is relatively small. What is of paramount
importance, particularly in the arid and semi-arid (ASA) environments, is water required for
domestic, rural small-scale industrial production and agricultural uses. Therefore, this study
is more concerned with the use of ecological commodities, especially water, in the economy
of rural communities in LDCs, and the impacts associated with such activities. Water use is

modelled from two perspectives: (i) water traded in the economic sector by water vendors
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as an economic commodity, and (ii) water extracted directly by users from the environment
(mostly, from shallow wells) as an ecological commodity for use in the economy. Both direct
and total effects of commodity production will be evaluated.

4.3 Method
4.3.1 Data analysis

A commodity-by-industry economic-ecological model (CIEEM) provides the major
analytical tool for this research. It is a conventional commodity-by-industry table augmented
with additional rows of ecological inputs and columns of ecological outputs and made up of
two sub-matrices: the “Economic subsystem™ and “Ecological (environment) subsystem.” The
economic subsystem includes activities through which natural and human resources are used
(consumed) to produce commodities for human need. The ecological subsystem on the other
hand, includes all aspects of the natural environment that provide the support system for life.
In order to avoid the limitations of the integrated economic ecological model, it takes
advantages of Victor’s “limited” commodity-by-industry economic-ecological model.

An economic system is an area, as large as a nation or even the entire world economy
or as small as the economy of a metropolitan area, village or even a single enterprise for
which an input-output model is constructed from observed data. The economic activities in
the area are divided into a number of sectors made up of a group of industries producing a
number of commodities. Sectors are groups of industries in an economic system (area).

Industries are groups of firms (production units or activities) or households, which have
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similar inputs and outputs (the commodities), usually identified by their primary product or
nature of activity, for example rainfed agriculture or a blacksmithing unit. Commodities are
the individual products (goods and services) produced or delivered by different industries, for
example sorghum (guinea corn) and farm tools. Economic commodities are traded in the local
economy usually in monetary terms either for intermediate or final demand. In a commodity-
by-industry model, each industry produces one or more commodities, and in principle the
same commodity can be produced by more than one industry. Ecological commadities are
nonmarketable quantities of goods such as water and vegetation (fire wood) extracted directly
from the environment for use in the economy. They are either inputs to an industry production
process, for example water or outputs generated by a production process and discharged back
to the environment, for example wastewater or pollution (Miller and Blair, 1985; Dabi, 1996).

The village economy is thus represented as a set of interrelated industries producing
a larger set of commodities. The interrelationships between these economic commodities and
ecological commodities will be considered in terms of flows (input/output) of goods and
services (commodities) between the economic activities (production sectors or industries) as
intermediate demand. and flows of final demand of these commodities to households or for
sale to external markets (export) as well as value added. A simple example of the model is
illustrated in Figure 4.2. Details are contained in Dabi (1996).

(Figure 4.2 about here)
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4.3.2 Model description
Most of the notations used here follow the work of Miller and Blair (1985). However,
slight modifications may be observed. These were meant to portray our interests and conform

with the problem we are considering.

4.3.2.1 The commodity-by-industry framework

The framework of the commodity-by-industry accounts is similar to the basic
accounting identity from the general (traditional) I-O model which is a set of linear equations
corresponding to the number of rows contained in the table whose matrix notation is

represented as:

X=AX+Y 4.1)

where X is the column vector (n x 1) of outputs; AX is the matrix (n x 1) of intermediate
demand (industry-by-industry direct requirements multiplied by total industry output), with
[z;] as the flow of inputs from industry i to industry j and its input to output coefficients are
given by the ratio [a; = z;/ X;]; Y represents the column vector (n x 1) of industry deliveries
to final demand. The letter n refers to the number of industries.

The commodity-by-industry analogous form of equation (4.1) is as follows:

Q=BX+E 4.2)
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where Q is the column vector (m x 1) of total commodity output; B is the commodity-by-
industry matrix (m x n); X is the column vector (n x 1) of total industry outputs; therefore,
BX is the matrix (m x 1) of commodity intermediate demand; while E is a column vector (m
x 1) of commodity deliveries to final demand. The letter m represents number of commodities.

For calculation purposes, equation (4.2) is used to determine the technical coefficients
necessary for deniving the direct input requirements in the commodity-by-industry model

which has the following matrix relationship:

B=UX)" (43)

where B = [b;] is the matrix (m x n) of economic commodity-by-industry direct requirements,
[b; is the amount of economic commodity i required to produce a unit output of industry j].
U={u;] is the use matrix (m x n) which records the commodity inputs to an industrial

production process, [u; represents the amount of commodity i used by industry j]; X is a

vector (n x 1) of industry output, Xisa diagonal matrix (n x n) with elements of X as

diagonal, while (X)" is the inverse of the diagonal matrix (n x n). For calculating the direct

output requirements and coefficients, the following relationship is also important:

c=v &) (4.4)
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where C = [c;] is the matrix (m x n) of industry direct output proportions [c; is the fraction
of industry j’s output that is distributed as commodity i]; V = [v;] is the make matrix (n x m)
that describes the industry sources of commodities in the economy, [v;; represents the amount

of commodity j produced by industry i], V' is the transpose of the make matrix; the elements

X, X and (f()" are as defined in equation (4.3).

In the commodity-by-industry model, several variations of total requirement matrices
can be denved (Miller and Blair, 1985). For the data we have generated, it is only possible
to use the industry-based technology assumption in order to meet the “conformability
requirement” of our multiplications. Of course we have grouped our industries based on
similarity ofindustry production requirements. To develop the commodity balance accounting

identity, the commodity output proportion is required whose matrix form is given by:

D=v(@)' (4.5)

where D = [d;] is the matrix (n x m) of commodity output proportion [d; is the commodity

output proportion with coefficients d; = v;/ QJ; V is as defined in equation (4.4), Qis a

vector (m x 1) of commodity output, 6 is a diagonal matrix (m x m) with elements of Q as

diagonal, and ((“))‘l is the inverse of the diagonal matrix (m x m). The construction of D is

referred to as the is an industry-based-technology assumption. Multiplying equation (4.5)
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through by 6 becomes V=D Q and since total industry output is the sum of all commodities

produced by each industry X = V,, we can define the following relationship:

X=D@,=DQ (4.6)

Substituting this expression into equation (4.2), the commodity balance accounting identity,

the following is obtained:

Q=BDQ+E 4.7

This equation can be converted to the following:

Q=(-BD)"'E (4.8)

where Q is a column vector (m x 1) of commodity output (production); the matrix (1 - BD)"
is the commodity-by-commodity total requirements matrix (m x m); I is the m x m identity
matrix, B=[b;] is the matrix (m x n) of economic commodity-by-industry direct requirements,
[b; is the amount of economic commodity i required to produce a unit output of industry j;
D=[d;] is commodity output proportions (n x m); and E=[E;] is a column vector (m x 1) of

commodity deliveries to final demand. The accounting identity can aiso be expressed for
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industry output as:

X=[D(l-BD)|E (4.9)

where X is a column vector (n x 1) of industry output, the matrix [D(I - BD) "] is the
industry-by-commodity total requirements matrix (n x m); I, B, D, and E are as described in

equation (4.8). Alternatively, the industry balance accounting identity can be represented as:

X=[(-DB)")Y (4.10)

where X is column vector (n x 1) of industry output; the matrix [(I - DB) '} is the industry-by-
industry total requirements matrix (n x n); I, B, and D are defined in equation (4.8); and Y is
column vector (n x 1) of industry final demand. Y is determined from the relationship Y = DE

whose technical coefficients are [Y, = d;E]].

4.3.2.2 The economic-ecological framework

The ecological commodity coefficients have been defined in the same manner as the
technical coefficients of the commodity-by-industry framework (model) described above. We
have based the use of water and other ecological commodities on industry output (X) instead
of commodity output (Q). This is because it was not very practical to obtain data on

quantities of the ecological commodities used for the production of individual economic
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commodities, especially when more than one commodity is produced. Thus, we the use of
industry final demand (Y) instead of commodity final demand (E). However, this procedure
will have little or no impact on accuracy. Therefore, when the accounting system is expanded
to include ecological commaodities, the technical coefficients are derived using the following

relationships:

G

T(X)" @11

where G = [g,] is the matrix (e x n) of ecological commodity input coefficients, [g,;is the
amount of ecological commodity k used per unit of output of industry j], the dimension e is

the number of ecological commodities; T= [t,;] is the matrix (e x n) of ecological commodity-

by-industry inputs [t,; is the amount of ecological commodity k used by industry j]. and (5()"

is as earlier defined in equation (4.3). While the matrix of ecological commodity output

coefficients will be as follows:

F=5'(X)" (4.12)

where F = [f,] is the matrix (e x n) of ecological commodity output coefficients [f;; is the

amount of ecological commodity k discharged per unit of output of industry j]; S'is the
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transpose of the industry by ecological commodity outputs matrix S = (s, the amount of

ecological commodity k discharged by industry j}; and (f()" also as defined in equation (4.3).

The ecological commodity input total requirements can also be derived using the

inverse matrix (following the industry-by-industry total impacts) as foliows:

G*=[G(I-DB)'] Y (4.13)

where G* is the vector (e x 1) of total (direct and indirect) requirement matrix of economic
commodity inputs for the production of economic output; G is the matrix (e x n) of ecological
commodity input coefficients; (I-DB)" is the industry-by-industry total requirements matrix,
its elements are defined in equation (4.6); and Y is industry final demand. Similarly, the

ecological commodity outputs as:

F*=[F(-DB)'] Y (4.14)

where F* is also a vector (e x 1) the of total (direct and indirect) requirement matrix of
economic commodity outputs produced due to economic output; and F is the matrix (e x n)
of ecological commodity output coefficients. The notations (1-DB)", its elements, and Y are

as defined above.
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4.3.3 Data requirement and processing

Data required for this study are based on two field surveys (interviews, field
measurements and observations) of economic activities in the study village, Katarko. First was
a population survey of all households and their engagement in the various industries. The
second was a sample survey to obtain more detailed information on economic activities
(commodity production and sales) and use of environmental (ecological) commodities in the
economic system. Key informants were consulted to solicit information on the socio-cultural
setting of the village, economic activities, and the nature of water supply, demand and use.
Information generated was used to design the survey instruments. The first author and three
resident field assistants (two males and one female) participated in the data collection.

The population survey provides basic information used for sampling purposes in the
more detailed survey that followed. There were 424 households with a total population of
2,734 people. The economic activities of households were aggregated into 26 industries and
assigned to the four sectors. Each industry produces one or more commodities, of which
more than 100 were identified in the survey. These were also aggregated into 81 commodities
with a few being produced by more than one industry. This was particularly so between
rainfed and irrigated agriculture which are defined here as different industries. (See Table 4.1
for lists of sectors, industries, and commodities.) All households were engaged in some form
of rainfed agriculture. Somewhat less than half were engaged in various forms of animal
husbandry and a rather small group of households were engaged in irrigated agriculture.

Among non-farm activities, large numbers of households were involved in weaving, trading,
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and vegetation gathering, while smaller but still significant numbers engaged in diverse
industries and services. The industries and commodities produced are listed and discussed in
the subsequent section.

For the purpose of our model application, the detailed sample survey of households
and industries gave the required data for establishing the input-output relationships in the
village economy. A multistage (stratified) sampling procedure was used to draw the sample.
Industries were stratified according to the number of households engaged in each and a
sample of at least 20 percent taken. A SO percent sample was taken from industries with
fewer than ten households, while a total enumeration (100%) was conducted for those with
fewer than five households. The enumeration included all possible commodities produced to
ensure representativeness within the sampled industries. This was achieved by distributing the
sample size for each stratum proportionately over the identified commodities. Field data was
generated from the corresponding economic and ecological subsystems described earlier. Data
generated were processed and then tabulated for analysis.

Generally, three kinds of tables are required for the I-O model: the transactions table
that shows all transactions between the various industries in an economy for a given point in
time as illustrated by the use matrix U or make matrix V in Figure 4.2 the direct requirements
table that show how much of each input is required to produce a unit of output, established
from analyses using equations (4.3) and (4.4) of the model; and the total (direct and indirect)
requirements tables, from equations (4.6) to (4.11), used to determine the impact onthe entire

economy of a change in one sector or a combination of sectors.
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Although the economies of rural areas in less developed countries (LDCs) are
predominantly agricultural, they are sometimes diverse due to multi-crop production
coexisting with the rural industry, trade and service sectors. All four sectors (agriculture, rural
industry, trade, and service) are made up of an aggregate of 26 industries and 81 commodities
in the economic subsystem (see Table 4.1). This gives an 81 x 26 matrix of commodities and
industries in the use matrix (see Table 4.2) and same for the transpose of the make matrix (see
Table 4.3). Three ecological commodity inputs (groundwater, land and vegetation) and two
outputs (wastewater and solid wastes) are considered from the ecological subsystem (see
Tables 4.4 and 4.5). The 3 x 26 and 2 x 26 sub-matrices of the ecological subsystem are
appended as rows to the make and columns to the use matrices of the economic subsystem
respectively. These produced our commodity-by-industry economic-ecological transactions
table (illustrated on Figure 4.2). Solid quantities are measured in kilograms of mass and
weight, liquid quantities in litres by volume, while monetary payments, sales and income are
recorded in the local currency, naira (the Nigerian naira was pegged at twenty two naira to
one US dollar in 1995). All other items and services are measured in absolute numbers. This
was necessary because not all commodities have monetary values. However, these units are
used consistently in our discussions. We have not attempted a valuation of the ecological
commodities. Fortunately, the economic-ecological model was designed to handle
transactions in physical and monetary terms (Richardson, 1972; Victor, 1972).

For the purpose of this paper, we have concentrated on model construction and the

determination of both the direct and total (direct and indirect) requirements of each
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commodity for both the economic and ecological (environment) subsystems with a focus on
water. The determination of impacts or effects associated with scenarios about demand and
use of commaodities, particularly water, on the economy and environment, will be subject of

a later paper.

4.4 Empirical results and discussions

Table 4.1 presents a list of the economic sectors, industries and commodities produced
in the village. Commodity outputs are given in physical units. The corresponding total income
generated from the sale or consumption of these commodities are also provided. The total
income associated with each industry is taken as the sum of the earned and imputed incomes
from all the commodities it produces. An imputed income represents the amount the
household could have earned by selling the retained commodity. In other words, the amount
it would have to pay to purchase that quantity (Dabi and Anderson, 1998). Although our
computations were based on the physical units, the monetary values of the total income are
useful for purposes of comparison between commodities.

(Table 4.1 about here)

Transactions tables compiled for the use, make, ecological input, and ecological
output matrices were used to calculate the direct and total and by implication indirect
requirements using the CIEEM we have described. The transactions table show sparse
interindustry transactions. The direct requirements (technical coefficients) also show that

these linkages are not very significant (see Table 4.2). This is because most of the cells have
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zero coefficients. Such coefficients may be attributed to the low interdependence of industries
within the economy. This is consistent with the general observation made by earlier workers
on LDCs (for example, Bulmer-Thomas, 1982; 1986; Kol, 1991). Most commodities serve
as inputs into their respective industries, particularly agriculture-related ones, and final
demand (household consumption and export). The most significant interindustry transaction
goes into the catering (trade or marketing) industry where most commodities serve as inputs.
The other exception is perhaps labour which is employed by all but the labour industry; and
farm tools from the blacksmiths’ industry into as many as twelve industries, particularly in the
agricultural sector and the rural industry.

(Table 4.2 about here)

Industries exhibiting high commodities direct input coefficients indicate their high
dependence on economic commodities. The marketing industry is one such example. This can
be attributed to the fact that commodities not consumed by households or exported (total final
demand) are traded in the market, considered here independently as the marketing industry.
Here, commodities are either sold as final goods or intermediate goods into other industries.
However, most of the industries exhibit very small or no (zero) coefficients. Table 4.3 shows
that the output coefficients from the make matrix are in fixed proportions and do not convey
much information on interindustry transactions (interdependence) but the information has
been used to calculate our commodity output proportion, commodity balance accounting
identities and total requirements.

(Table 4.3 about here)
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We went further to determine the total (direct and indirect) requirements of
commodities for the economic sector (subsystem), using the industry-based-technology
assumption which states that “all commodities produced by an industry are produced with the
same input structure and thus commodities will have different input structures depending on
the industry in which they are produced” (Armstrong, 1975). In some instances therefore, we
have categorised similar commodities under different industries. For example, we have treated
rainfed vegetables and rice as separate commodities from irrigated vegetables and rice. This
is because they use different input structures. The irrigated ones use groundwater and
different water application techniques not used in the former which rely on direct rainfall. The
model commodity balance accounting identities reproduced the observed values indicating
that the model is correctly specified.

On the other hand, the ecological commodity-by-industry direct inputs clearly show
that the economic sector relies heavily on ecological commodities. Table 4.4 shows the direct
and total inputs as well as the difference between the two (indirect), for all three ecological
commodities being considered. Water is directly required in all industries but rainfed
agricuiture. Similarly, land (either in the form of farm land, space or material) in all but labour
industry. Vegetation (either in the form of wood, leaves, roots or shrubs) is required into
almost all the industries except technical, hair dressing, and education. The indirect water
input is due to water required for the production of other commodities that serve as
intermediate goods to the respective industries. For example, rainfed agriculture does not

require groundwater directly, thus the zero entry, but requires it indirectly because draft
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animals are used for land ploughing and tilling or in producing bags and other farm inputs
required in rainfed agriculture. These and other inputs require groundwater, therefore, an
increase in rainfed production will demand an increase in these farm inputs and consequently
groundwater.

(Table 4.4 about here)

The discharge of ecological commodity output was limited to wastewater and solid
wastes (household refuse from animals and vegetative material). Wastewater is the quantity
of water poured away after use or production. This is basically from all activities that do not
experience “consumptive” water use (when water is used up during production). Most of the
rural industry and services are in this category, unlike the agricultural sector as well as
building, pottery, milling, water vending, transport, and labour which experience consumptive
water use. Although large quantities of water are discharged from households after sanitary
use (washing, bathing and ablution), this is not reflected on the requirements table because
the household is considered exogenous for an open model such as this. Table 4.5 shows the
ecological commodity direct, total and indirect outputs for wastewater and solid wastes.
(Table 4.5 about here)

Although comparisons cannot be easily made when commodities are measured in
different physical units, it is very possible to deduce some variations from the ecological
commodity-output and -income ratios calculated. For example, on Table 4.6, the highest
direct groundwater input-output ratio in litres per unit of industry output are from animal

husbandry (77.3), building (60.5) and irrigated crops (36.1). The lowest coefficients after
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rainfed agriculture (which is zero), is vegetation harvesting (0.003). All other industries lie
between. Similar variations can be observed for the other ecological commodities. For
example, most activities experience consumptive use of water and therefore do not have so
much wastes produced per unit output.

(Table 4.6 about here)

The ecological commodity input/output to income ratios on Table 4.7 gave very
interesting results that may be useful for economic development policies considering the use
of ecological commodities and income generation. For example, irrigated agriculture had the
highest ratio of about 4.8 litres of groundwater per naira. This followed by cassava (an annual
crop that is partly irrigated), with about 2.6 litres per naira. The lowest ratio is of course
rainfed agriculture because it requires only indirect groundwater. Most of the ecological
commodity output-income ratios showed very low values because not much wastewater and
solid wastes are produced by the various industries. The highest ratio of 2 litres per naira is
from other services.

(Table 4.7 about here)

These tables indicate the heavy dependence of the economic sector on ecological
commodities (groundwater, land and vegetation). All industries use various quantities of these
ecological commodities in their production process. Water exhibits very large values per unit
of output in the economy, an indication that water is indispensable in the area and its scarcity
a constraint to sustainable development. For example, the catering (trade) industry exhibited

the highest indirect input requirement. This may be attributed in part, to the fact that it is the
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only industry with a very significant interindustry transaction or interdependence within the
economic sector and that such interdependence will generate further input requirements
indirectly as more commodities come in from all the other industries. This shows that for the
market economy of Katarko village to survive, large quantities (total requirements) of water
and other ecological commodities (especially vegetation) have to be extracted to sustain the
trade sector which is fundamental to cash income. Also more land may have to be put to use
in the process. However, this may have deleterious effects on the environment where these
ecological commodities are extracted. In a later paper we will consider the possible impacts

on the economy and environment associated these effects and changes in water use.

4.5 Summary and conclusion

Our intention in this paper has been to construct a commodity-by-industry economic-
ecological model (CLEEM), an input-output (1-O) type model for a rural village economy in
a less developed country (LDC). We established the physical coefficients of the interindustry
transactions as well as the extraction or use of ecological commodities (groundwater, land
and vegetation) inputs from the environment into the economy and the discharge of ecological
commodity output or externalities (wastewater and solid wastes or household refuse) from
the economy back to the environment.

We discussed the direct, total and indirect effects of commodity production using the
direct and total requirements (coefficients) based on a commodity-by-industry

characterization for both the economic and ecological (environment) systems. Our major
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concern was the use of ecological commodities, particularly water, as inputs into the
economic system. Also discussed are effects of commodities discharged from the economy
back to the environment. Our results indicate that in considering ecological commodity inputs
in an economy, it is very important to account for indirect effects which can be quite
substantial.

Results indicate poor interindustry transactions (sparse sectoral interdependence)
within the economy but a heavy dependence of the industries (economic subsystem) on
ecological commodities from the environment (ecological subsystem). Such dependence is
greatest on water which is a scarce commodity in this semi-arid environment. The major users
of water (litres per unit output) based on the direct effects include animal husbandry, building
and irrigated agriculture. The most intensive uses based on total effects are catering, building

and animal husbandry, in descending order.
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Abstract

This paper investigates water use and conservation measures in Katarko village in
northern Nigeria. It looks at indigenous knowledge systems (local initiatives) regarding water
scarcity and strategies aimed at mitigating the problem in terms of water procurement,
delivery and processing. It also considers some of the introduced technologies used for
solving water problems with the aim of developing scenarios of water use efficiency at the
household, industry and particularly, irrigation farms. The survey indicates that the people
possess unsophisticated techniques and indigenous knowledge systems for water use and
conservation (management), and depend on some unsustainable forms of introduced
technologies, although they indicate their willingness to accept new innovations. They also
lack specialized but sustainable skills for making the best use of the ‘excess’ water supply
during the rainy season. Additionally, the annual scheduling of activities does not take proper
cognisance of the timing of water availability. A number of strategies (‘appropriate
technologies’) for the enhancement of water management in the area are suggested, the
ultimate being public enlightenment (education), empowerment and encouragement. This will
enable the people to exploit further their own technologies and knowledge systems and to
participate in the planning and implementation of any strategies or projects to ensure their

acceptability and sustainability *

Key words: Water use, Conservation, Scarcity, Drought, Village, Less developed country,
Arid and semi-arid environment, the Sahel, Water procurement, delivery and processing,

Indigenous knowledge systems, Technologies (introduced, transferred, appropriate).
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5.1 Introduction

The sharp increase in water demand in recent times has been due to rapid population
growth, an increased consumption per capita associated with improved standards of living,
and expansion in water-related commodity production, agriculture and service industries
(United Nations, 1976). In addition to this human problem of water stress which is
attributable to increased per capita demand over fixed levels of water supply and its
concomitant land desiccation resulting from activities such as deforestation and overgrazing,
there has been continued water scarcity in arid and semi-arid areas (ASA) due to precursory
climatic conditions of aridity and droughts. Together these have led to acute water scarcity
and consequently, a shortfall in the amount of water available for human use (Falkenmark et
al., 1989, Clarke, 1993).

There is growing evidence of a decline in water availability in northern Nigeria due
to rainfall seasonality and variability (see among others, Woo and Tarhule, 1994; Hess, et al,
1995). At the same time, the competition for water by human activities is exerting tremendous
pressure on the limited water resources and the environment (Kimmage, 1991; Dabi and
Anderson, 1998a). The allocation of the water to these competing uses has been based
entirely on traditional practice following indigenous knowledge systems. When inefficient
decisions are taken, severe shortages may occur for some if not all the uses with inevitable
adverse repercussions. This, in combination with the quest to increase food production, has
contributed to the recent drive for western technology in the form of water pumps, tube wells,

boreholes and dams to augment water supply particularly for irrigated agriculture (Kimmage,
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1991). However, these innovations have been met with further complications and concomitant
problems.

Over the past five decades, technology and growth have increased the total water use
in the world up to four times. This has been achieved through the construction of dams,
reservoirs and conveyance structures that made up to 44 percent of the world’s reliable runoff
water resources accessible to man. Also, through various means of water harvesting, an
increased utilization of rainWater has been made possible. However, of all the water available,
the challenge is to allocate it to the best possible use in order to maximize the benefits,
particularly for people living in areas prone to droughts (Clarke, 1993).

Essentially, the challenge is to promote a strategy which aims at proper management
of the demand for water and not a continued supply-oriented management (Falkenmark, et
al, 1989). Notwithstanding, the combined effects of complex environmental (climatic)
conditions and human activities now threatening arid regions have necessitated the
development of methods for investigating the problem from a multi-disciplinary perspective
and on a micro-scale. This will facilitate better management of water resources and enhance
sustainability in the development process. This “bottom-up” approach will ensure a better
understanding of the problem as experienced by the affected people rather than assumed from
a larger perspective.

This paper is part of a study that seeks to account for the total water used in the
economy of Katarko village in northern Nigeria. The paper aims at understanding the

indigenous knowledge systems regarding water scarcity and strategies aimed at mitigating the
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problem to ensure continued production from one season to another. It adoptsa “bottom-up”
approach and examines four issues: (i) strategies adapted for water procurement (sourcing
and withdrawal) vis-a-vis seasonal fluctuations, to ensure long term availability and use; (i1)
strategies at the household, activity and farm levels for ensuring safe delivery (conveyance and
distribution) of water to final demand, through the production system and minimising losses;
(iii) technologies available for water processing (storage, retrieval, use, conservation),
considering the high production requirement and excessive evaporative demand by the
economy and environment respectively; and (iv) strategies employed during use (production)
in order to maximize the utility of water in terms of reuse, recycling or reduction in quantity
used. The use of introduced technologies for the same purposes will also be considered and
compared with indigenous ones. The paper reports findings of field observations and
measurements made in this regard. Information generated from this study will be used in
conjunction with results of an extended input-output model to address various policy options

or water management strategies in a later paper.

5.2 Conceptual considerations and perspectives

Indigenous knowledge systems are defined in the context of innovation, technical
knowledge, associated social organization and decision-making processes (Brokensha et al.,
1980; Kidd and Phillips-Howard, 1992). These four basic components of knowledge systems
are based on ‘factual knowledge’ that relate to concepts, prepositions, symbols or memory

derived through human perception, and ‘procedural knowledge’ that follow the rules of logic
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and empiricism. Here, technical knowledge is considered as factual; innovation as procedural,
social organization as both factual and procedural; and decision-making as procedural.
Together, these components enable the utilization of the knowledge systems that affect
decision-making and cause a certain pattern of behaviour. The pattern of behaviour in turn
determines the use of resources. Thus, “the incorporation of indigenous knowledge systems
in rural studies is a means toward the practical realization of a viable development policy”
(Kidd and Phillips-Howard, 1992).

Technology is defined as “the skills, knowledge, and procedures used in the provision
of goods and services for any given society” (Hope Sr., 1996). It is seen as a mode of
production that carries within it economic, social, cultural and cognitive structural codes that
differ from one society to another (Galtung, 1978; Vanderburg, 1986). Technology transfer
involves the two-way relationship of sending and receiving technology primarily between and
among firms, industries, and governments (Hope Sr., 1996). The “transfer of technology
(TOT) paradigm is a mutually supported set of concepts, analyses, methods, and behaviour
in which western-trained scientists generate technologies on research stations and in
laboratories, to be transferred through extension services to farmers” (Chambers, et al.,1989;
Gladden and Phillips-Howard, 1992). Therefore the transfer of Western technology to the less
developed countries (LDCs) is seen as a structural invasion, fragmented and perceived poorly
because of the difference in structures (Galtung, 1978; Vanderburg, 1986).

Appropriate technology is a term used to describe both a method and a movement.

As a method it is considered to be the appropriate application of scientific knowledge to



127
development, while the movement is believed to have started in the 1960s and is now active
globally (Kerr, 1989). Appropriate technology is based on interactive innovation where an
interactive process occurs, and its techniques or tools are transformed by incorporation into
the recipient culture (Pacey, 1983). Idealistically, “appropriate technology uses production
methods that are less damaging to the environment of communities than previously used
methods, consume less energy and fewer resources, and recycles wastes or handles them more
acceptably” (Hope Sr., 1996).

The notion of ‘appropriate technology’ or ‘intermediate technology’ has been met
with criticisms based on a neo-colonial connotation of “superior goods for the developed
nations and inferior ones for the third world” or LDCs (Schumacher, 1991). But the fact is
that LDCs need access to technologies which are appropriate to their stage of development,
rather than ‘state-of-the-art’ technologies imported from the developed world. Needed are
technologies that build on the structures of existing traditional (indigenous) technologies and
take advantage of those from developed countries. Such ‘intermediate’ technologies would
be immensely more practical and productive than the indigenous ones but more affordable and
accessible than the sophisticated, highly capital-intensive technologies of the West
(Schumacher, 1991).

Less developed countries in ASA need technologies that are sustainable, those that
are acceptable, affordable, usable, and manageable by the users. Such technologies also
consider the precariousness of environmental and economic conditions they face. Thus, the

idea of appropriate technology must be looked at in terms of demand with basic needs as
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goals and supply using the desired production process (Hope Sr., 1996). This is only
achievable if the needs and aspirations of the people, their capabilities, and deficiencies are
known. An understanding of indigenous (technical) knowledge systems is therefore
paramount.

In Africa, as elsewhere, there is an increasing interest in traditional systems of
agriculture and indigenous technical knowledge (ITK) (Chambers, 1983: Richards, 1985:
Adams, 1985; Gladden and Phillips-Howard, 1992). Most this interest emanated from the fact
that the large-scale dam projects meant to replace the agelong small-scale initiatives and to
boost agricultural production and water supply in different parts of Africa, especially Nigeria,
have not performed to expectation (Moris, 1987; 1989; Mitchell, 1990: 1994: Salau 1990).
Such introduced *solutions’ only outperform the indigenous initiatives in certain favoured
situations. Moreover, the formal irrigation schemes were very expensive in terms of
construction costs, external management, and infrastructure (Moris, 1987, 1989). Other
problems have been noted. Priorities were distorted as emphasis was placed on commercial
crops to the detriment of food crops. And the large dams cut off the downstream seasonal
flood affecting traditional practices (Scudder, 1980) or fadama cultivation in parts of Nigeria
(Turner, 1985; 1986, Adams, 1986, Adams and Carter, 1987; Moris, 1989: Kimmage, 1991,
Kimmage and Adams, 1990; 1992). In addition, there are the environmental and human
problems associated with the water development projects (Biswas, 1978: Scudder, 1989;
Mitchell, 1990; 1994, Salau, 1990).

The World Bank-sponsored work undertaken by Briscoe and deFerranti (1988)is one
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major example of the use and performances of introduced technologies for water supply in
rural community of developing countries. They observed that many water improvement
projects have proved to be neither sustainable nor replicable. The gains of the new water
supply systems were eroded because of the widespread failure attributed to inadequate
maintenance. Such failure was more because of the top-down approaches in the design of
systems and maintenance of facilities such as hand-pumps and boreholes or pipe connections,
with central governments and external (donor) agencies taking dominant roles, rather than the
complexity of the technology. Furthermore, the improved systems often did not meet local
expectations; local institutional realities were not taken into account, while government
support was very erratic. Moreover, the nonchalant attitude of the people toward water
supply schemes, regarding such projects as governmental provisions and for which they need
take no responsibility is pernicious.

Interestingly, Briscoe and deFerranti (1988) advocated for a community-based
(bottom-up) approach to water development, in which communities develop primarily
through self-help activities. Such an approach allows users to decide on the type of
improvement to be made, pay for most of the costs (usually by providing the required labour),
and take responsibility for maintaining the facilities they have chosen and implemented. While
government and external donors create the enabling environment, supplemented with
technical and training support, and provide materials.

Gladden and Phillips-Howard (1992) acknowledged that resource-poor farmers in

LDCs posses active and useful indigenous knowledge systems -- including experimentation,
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technical knowledge, social organization and decision-making systems as noted by Warren
et al. (1989). However, they suggested a combination of transfer of technology and farmer
first paradigms. These permit mutual learning and effective ‘co-research’ and lead toward
well-facilitated, participatory action programmes. Again, in our opinion, this is parallei to the
idea of appropriate technology which Smith et al (1994) argued for in that it contributed to

the intensification of agriculture more significantly than population and market driven forces.

5.3 The case study village and information gathering

The case study village for this study is Katarko in semi-arid zone of northern Nigeria
located at the 11°33'N and 11°55'E coordinates, some 20 km from the Yobe state capital,
Damaturu. In 1937, the Kanuri ethnic group settled in the village. Later the Hausa, Kerekere,
Shuarab and Fulani groups joined. Ever since, population growth has been largely due to
immigration, particularly by the Hausa and Fulani groups and more recently due to natural
increases. The current population is about 3000. Islam is the sole religion with Arabic
(Koranic teaching) as the basic form of education. Decision-making is mostly based on a
hierarchy of community leadership and religious beliefs.

It is a typical village with similar environmental characteristics and human activities
to the rest of the region. As indicated in the introduction, drought conditions and water
scarcity are prevalent; rainfall is limited to four months of the year; stream flow is seasonal;
and groundwater which serves as the major source of water is declining. The extensive

sedimentary Chad Formation, recharged by seasonal surface flow, is the main source of the
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groundwater. The undulating terrain is covered mostly by Sudan savanna-type vegetation,
basically patchy grasses and scrub as well as scattered acacia and baobab tree species. These
provide wild animals and fruits for their consumption and sale, leafs and pasture for their
domestic animals; and wood for fuel and construction. Wood extracted from the bushes is
also sold as “export commodities” at neighbouring markets.

The major economic activity in the village is rainfed agriculture by sedentary farmers
who grow staple crops mostly at subsistence level. All households are involved in rainfed
agriculture but the activity is predominated by the more settled Kanuri, Hausa, Kerekere and
Shuarab groups. Animal husbandry of cattle, sheep, goats and poultry is perhaps the next
most widespread activity the households participate in, particularly among the Fulani group.
Irrigated cultivation of vegetables and grains is also practised, mostly by the Kanuri who own
the land and some of the Hausas who introduced it. Irrigation is limited to a short period of
the year and few locations accessible to surface and groundwater sources called fadamas®
along the seasonal Anumma river that bypasses the village. The Kerekere and Shuarab groups
are also involved in animal and vegetation gathering for food, fuel and construction. Other
economic activities include rural industrial production (small-scale manufacturing) of goods
(processed food and handicrafts) and services traded mostly within the local market by the
Hausa and Kanuri groups.

The village lacks most urban facilities such as piped water and electricity. Government

Turner (1985:18) defined fadama as “land seasonally flooded or waterlogged”. In
other words, low lying land seasonally inundated due to water intrusion.
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assistance is limited ‘forcing’ the people to depend on their traditional heritage and
environmental resources. Therefore, water procurement, delivery and processing for the
activities enumerated above rely on traditional initiatives with few modern methods. This has
made water use and conservation a problem in the area (see figure 5.1).

(Figure 5.1 about here.)

In a previous work (Dabi and Anderson, 1998b), we reported the use of water for
commodity production in this village. The agricultural sector consumes more than 60% of the
groundwater, basically for irrigation and animal watering. And later (Dabi and Anderson,
1998c) we developed and applied a commodity-by-industry economic-ecological model
(CIEEM) which accounts for the direct and indirect use of groundwater in the village. This
provides the major analytical tool for the research. This analytical procedure is ideal for
depicting water use under normal circumstances. It incorporates input-output relations
defined under normal rainfall conditions. However, it is expected that during drought periods
(dry spells) there will be severe water shortage and people are bound to develop alternative
measures for coping with the situation. They may develop new water sources and storage
systems, new methods of water use, and new water saving strategies. Such strategies are
revealed through field monitoring of indigenous knowledge systems and technologies
reported in this paper. Cases of introduced (transferred) technologies and strategies for future
development (“appropriate technologies”) are also considered.

Data required for this research were collected during two field seasons (wet and dry)

in the study village. Most of the data required for this paper were gathered during the dry
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season (January to April, 1997). The field exercises targeted activities undertaken during this
dry period. Resultant changes in water use and their effects on the economy and environment
were noted. Key informants, including the Bulama (village head), mai ‘'ungwa (ward or tribal
group heads), manomi (major farmers), and malamai (religious and school teachers), were
consulted to ascertain changes in activities and possibly water use. Field assistants were then
selected and trained before actual data collection. Data gathering was based on 10% sample
survey of households engaged in industries that exhibited the highest demand for water in an
initial study. Therefore, emphasis was placed on the agricultural sector particularly, irrigated
agriculture and animal watering.’

Field observations and measurements were made regarding indigenous knowledge
systems and technologies for water demand, use and management, and water shortage coping
strategies including (i) changes in water sources, (ii) water use behaviour and decision-making
process, (iii) methods of water procurement (withdrawal or abstraction), (iv) methods of
water processing (storage, retrieval, use and reuse or conservation), (v) methods (techniques)
of water delivery (conveyance and distribution), and (vi) economic and social costs involved.

The first author and the three assistants (one female and two male residents) visited
the only sources of water at this time of the year, the deep village wells and shallow wells on

fadamas. Facilities for water withdrawal and conveyance were noted. And quantities of water

7

Dabi and Anderson (1998b) have indicated a total population of 2,734 people with
424 households engaged in 27 industries and producing more than 100 commodities in
Katarko village. The agricultural sector (especially irrigated agriculture and animal
husbandry) being the highest consumer of groundwater.
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extracted and conveyed to households and industries determined. Quantities were determined
by measuring the volume of containers used for water extraction (withdrawal from wells) and
those used for conveyance (delivery). For example, households were observed to withdraw
between four (4) and 18 litres of water per day for domestic use, and up to 200 litres for other
activities like construction or sale by vendors.

Quantities of water used by animals was measured by monitoring the number of times
animals are watered and the quantity consumed in the process. The average size of containers
(usually 4 litres) used for hauling water from the wells was determined. This was multiplied
by the number of times the water was poured into the animal’s drinking container (a half-sized
barrel or an opened gourd). The result was then divided by the number of animals that drank
from it. Results from these measurements were similar to estimates given by rearers. The
quantity of water extracted for irrigation was determined from two perspectives. First, the
traditional methods of delivering water from the source to the crops whereby the number of
calabashes (gourds) of water delivered to the cropped area are counted. Second, the
introduced form of technology in which the rate of pumping and quantity of water released
is multiplied by the duration of irrigation, using 2-3 horse power engines (water pumps).
These quantities were calculated for a week and multiplied by the number of weeks the crops
were irrigated. Irrigation and animal watering were done in sifu, that is at location of the
shallow wells.

Data were collected on a daily basis (from morning to late evening) by monitoring the

number of times individuals visited the wells. The monitoring was spread over the sampled
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industries and households during the period of the survey. Detailed results of these

observations are reported below.

5.4 Indigenous (traditional) initiatives for water management in Katarko Village

The various indigenous equipment or facilities used for water procurement, delivery,
and processing are shown on Tables 5.1, 5.2, and 5.3 below. Techniques for water
procurement (sourcing and withdrawal) and those for delivery (conveyance and distribution)
are labour intensive, time consuming and perhaps inconvenient. Men are responsible for
sourcing (digging) wells. This requires a lot of energy and expertise. Water withdrawal
(fetching or extraction) does not follow gender lines and is performed by men, women and
children (male and female). The same goes for water delivery, but adults convey larger
quantities of water and perform more of the skilled labour. Children carry smaller containers
and assist with the menial jobs at home and at the production unit. However, in typical
fundamental Islamic households, particularly amongst the Hausa and Kanuri groups who keep
their women under Purdah®, only men and children and occasionally older women go out to
fetch and convey water.

The nature, size and capacity of facilities (tools) for water processing (storage,
retrieval and use/reuse) in households and most other industries are rather small. Quantity of

water stored in these containers is equally small (less than 100 litres). Thus, the need for more

The Purdah system is a religious belief that keeps women in seclusion and restricts
them from going out in public or meeting visitors, especially male ones.
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effort and time investment for water procurement. The construction or building industry uses
larger containers (up to 200 litres) for water storage, although most of it or even more can
be used in a day. Only irrigation and animal watering use water at location of shallow wells,
as indicated earlier. Water contained or stored in these wells depend on recharge and
withdrawal rates. At the peak of the dry season, the recharge rate is minimal but withdrawal
rates very high. All these indicate that water management and conservation are in jeopardy.
(Tables 5.1, 5.2, and 5.3 about here)

These observations show that local techniques for water extraction, storage, retrieval
and delivery in the village are very simple (capital extensive) but manually operated (labour
intensive) and perhaps sustainable because they are based on local materials and initiatives
thereby reducing purchase and maintenance costs. But there are no specialized skills for
rainwater harvesting and farming to take advantage of the ‘excess’ rainfall and runoff water
stored in ponds and stream at the end of the rainy season. This may be attributed to their lack
of interest in developing these measures as confirmed by the comments, made by some of the
key informants. For example, ““water from the mud-constructed roofs gets contaminated with
sand, thatched roofs do not yield sufficient water for us to bother with and water in ponds
does not look good for use.” However, these sources of water could be developed as
discussed later. The water can be stored and retrieved for use during periods of scarcity.

The annual scheduling (timing) of activities tends to depend on water and labour
availability. Generally, activities start at the end of the dry season in agricultural societies such

as this. Just before the rains in June, land is prepared (clearance and tillage), to await the new
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planting season for rainfed crops. All other activities (including animal husbandry, the rural
industry, trade, and services) except for irrigated agriculture also take place during the rainy
season. Activities undertaken at this period, rely on direct rainfall, stream flow and ‘abundant’
water in the village wells and ponds. During the dry season, irrigated agriculture thrives along
the Anumma river. Other activities with the exception of rainfed farming are intensified at this
period. Unfortunately, the only dependable source of water is the shallow wells. Deep
groundwater may not be accessible because most of the village (deep) wells are dry and Tube-
wells / water pumps broken down (see figure 5.2). The diagram illustrates the scheduling of
activities during the year. These have been spread around in form of a clock. Starting with
January at one o’clock and going clockwise with December at twelve, the activities and water
availability are located appropriately.

(Figure 5.2 about here)

The main activities requiring so much groundwater during the dry season are irrigated
agriculture, animal rearing and building construction (Dabi and Anderson, 1998b). It is very
disheartening to note that all these high water demand activities are concentrated at about the
same time of the year during which groundwater from shallow wells is the main source of
water. At this period, deep groundwater becomes inaccessible as most of the deep village
wells dry up. This arrangement seems to create undue pressure on the limited water sources
and increase the potential for conflict among users.

However, the daily timing of water extraction during the water scarce dry seasons is

based on a well defined social and cultural organisation which allows for the use of shallow
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wells at different times of the day by the different users. For example, water for domestic and
other activities requiring less water, is extracted early in the morning (from about 6.00am)
while animal watering is done in the afternoon (starting from 2.00pm), while other high water
demand activities like irrigation and construction extract theirs afterwards (from 4.00pm).
Some of the irrigated farms have private shallow wells for use at other times of the day,
especially in the morning and late afternoon. In between these schedules, the wells are given
*sufficient’ time to recharge. This process has tended to minimize or eliminate any possible
conflict between the different users.

There are other indigenous knowledge systems used for water conservation by the
villagers. For example, at the farm level, farmers do a lot of mulching to reduce the rate of
evaporation and to maintain soil moisture. Irrigation activities are usually de-intensified when
water becomes inaccessible. Farmers resort to delivering water at a per plant basis rather than
pouring water into the whole plot through a channel. From field data, some of which is
discussed Dabi and Anderson (1998b), this practice can save at least 15% of irrigation water
or up to 2.12% of total groundwater used in the village. Animal rearers embark on
transhumance’ activities to take advantage of distant watering points and to reduce pressure
on existing sources of water around the village. And at the household and industry levels,
some form of water reuse is practised. Normally, people do not pour away water they may

have used for washing or cleaning but it is stored to be used again for some other purpose,

The seasonal transfer of livestock to areas of greener pasture practiced by pastoral
nomads in arid and semi-arid areas.



139

say, wetting fibre or grass for weaving and sand for mending cracked or fallen walls. Such
water could even be poured under a plant to add soil moisture for its growth. If all the
wastewater generated from household and industry is reused, another 10.02% of groundwater
would be saved, although this may be too ambitious for Katarko village because of

technological constraints.

5.5 The role of introduced (transferred) technology

Table 5.4 describes the nature and type of introduced technology available in the
community. Most, if not all, are for water sourcing and storage for agnicultural purposes. A
wash borehole is used for extracting deep groundwater with the aid of water pumping
machines or hand pumps. There are two types of facilities for water storage in the village: two
commercial (manufactured) water tanks and one ground cistern. The tanks were used to store
water extracted from the wash borehole and the ground cistern was meant for a fish pond.
None of these contains water now all but seem to have been abandoned. This attests to the
argument that local people are nonchalant about facilities provided by government or other
external organisations as discussed earlier. This is often the case, when they do not initiate or
participate in planning for such facilities. At the household or place of production, facilities
like connection pipes and standing pipes/taps are not available for water delivery. Neither are
facilities for water storage, except for containers like empty oil barrels and jerry cans that are
converted into storage tanks.

(Table 5.4 about here)
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The most sophisticated introduced technology in this village, as is the case in most
parts of northern Nigeria, is the water pumping machine. The pumping machine is a very
efficient facility for water extraction, either from a shallow well or tube-well. It has enabled
farmers to increase production and thereby increase their income. This has led to the
overwhelming acceptance of the innovation here in Katarko and elsewhere. Table 5.5 gives
a detailed differentiation between traditional initiatives (indigenous technology) and the use
of water pumps (transferred technology) for irrigation in the village. Almost 80% of the
irrigation farmers use water pumps on their farms. Although only four of the farmers own the
machines, the others lend them to use on their farms. The rest (a little more than 20%) use
the traditional method to irrigate their crops. However, those who rely entirely on the water
pumps have had tremendous disappointments at times due to the sudden breakdown of
engines. Farmers have had to abandone parts or even a whole farm prepared for irrigation
farming during the dry period.

For example, the Bulama had to delay his irrigation activity for the 1996/97 season
because his machine broke down. He had to purchase the part required to fix it from Jos more
than 400 km away because we could not even find it in Maiduguri, the biggest city in that
region, about 120 km from the village. Even then, he would not do it immediately. Asked why
he made such a decision, he said “if I fix it now, other farmers would want to lend it from me
and soon there will be a breakdown again and I may not cultivate any crops this year.”
Eventually, he had it fixed at Damaturu but had to reduce his plot size because it was already

too late to manage a large farm. Water in the shallow well was fast declining and reducing the
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amount available for irrigation. Soon the rains would come and it would be time to prepare
other lands for rainfed crops, thus diverting labour.

Another problem associated with water pumps is the loss of water during delivery to
the crops. During irrigation, water delivery is usually through small channels (furrows) into
a larger farm plot. This process allows excess water loss by infiltration, seepage and
evaporation, without reaching the targeted crops. Therefore, more water has to be extracted
and delivered before the plants get sufficient moisture for their growth and development
(again, see Table 5.5).

(Table 5.5 about here)

The point to note here is that, although the water pumping machine is very useful in
accessing groundwater and making the irrigation process more efficient and rewarding, there
are problems associated with it as enumerated above. These problems tend to make the whole
irrigation operation using water pumps counterproductive and unsustainable. This is because
the cost of engines is prohibitive, they require expensive maintenance (sometimes total
breakdowns), and contribute to excessive water demand. This is always met with
technological dilemmas, whether to go traditional or rely on introduced technology
(machines). Farmers who own water pumps keep complaining about the problems involved
with using and maintaining the engines. Many who do not have water pumps keep yearning

for theirs, while ‘skeptics’ stick to the traditional methods.
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5.6 Strategies for the future (appropriate technology)

Numerous strategies for water procurement, delivery and processing exist especially
in and around the ASA, all of which can be enhanced or introduced in this village. Such
technologies have been tried and proven useful in areas with similar physical and human
charactenistics but will be deemed appropriate only when tried and accepted in the village.
These include simple (sometimes, complex) technologies such as rainwater harvesting and
farming (eg in India and Botswana), earth dams, and windpumps (in the Turkana desert);
solar pumps (in Somalia); Ferro-cement tanks (Papua New Guinea) and so forth (see Pacey
and Cullis, 1986; Kerr, 1989, Lee and Visscher, 1992). Notwithstanding, the appropriate
technologies are those that will ensure adequate supply (procurement), moderate water use
(processing) and at the same time convenience in terms of maintenance and functionality
(delivery) and thus, be sustainable (Moris, 1989).

Let us consider rainwater harvesting and farming as an example. Changes may be
required in the roofing style of buildings. Thatched roofs may have to be replaced with
corrugated iron sheets (zinc) as seen over a few buildings including the primary school,
dispensary and staff quarters. Alternatively, mud roof surfaces may have to be paved with
cement or other similar impermeable material. Rainwater incident on these ‘new’ surfaces
(roofs) can then be channelled down into ground tanks or cisterns through gutters. The cistern
can be made from local matenial like earthen pots or other larger containers, jerry cans and
fabricated metal tanks and the gutters made from local carved wood, bamboo or fabricated

metal sheets. Blacksmiths in the village indicated that they can construct some of these
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materials.

The three large ponds around the village can be converted into water storage tanks
or cisterns during the rainy season for use in the dry period. The sides and floor of the ponds
can be straightened and built with brick and cement with some reinforcement, and then
plastered into a kind of Ferro-cemented ground cistern similar to the one meant for the fish
pond. Some material, such as a plastic sheet or a thin oil layer, can be used to prevent or
reduce the excessive evaporation. With this arrangement, water can be secured for use in
activities as brick making and building construction which do not require higher quality water.
For all of these, local materials can be used except for the cement, plastic and oil and
constructed using direct labour by the villagers. These innovations are possible as they have
been done in water scarce areas of Zimbabwe, Kenya, Indonesia and Thailand (see Pacey and
Cullis, 1986).

Recently, the Yobe state government has proposed building a dam across the Annuma
river (Yobe State of Nigeria, 1997). Dam construction is another form of introduced
technology for large-scale water supply and irrigation development projects in parts of
northern Nigeria. The problems associated with these have been discussed earlier but are
perhaps unfamiliar to the people. Thus, the people of Katarko, Damaturu, and the
neighbouring settlements received the news with great enthusiasm. However, this may not
necessarily be a good idea for the village and other users downstream. (This is due to the
problems associated with large-scale dam projects discussed earlier.) Rather, simpler

strategies for water storage and conservation such as groundwater dams including sub-surface
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dams and sand-storage dams, may be worth considering (for more information, see Nilsson,
1988).

Other conservation methods may include the “3R” water saving strategies of reduction
(using less water per activity or modifying the irrigation practice/crops to reduce water use),
reuse (using already used ‘gray’ water again for activities requiring low quality), and recycle
(a long term attempt to improve the quality of larger volumes of waste water for subsequent
use especially for activities requiring water of medium quality). This idea is consistent with
the “3R” policy approach to waste management (waste recycling, reuse and reduction)
described by Baetz et al. (1991) and Huang et al. (1994). Moreover, the reuse of waste water
for irrigation is very important as it can supply almost all of the nitrogen, most of the
phosphorus and potassium, as well as the important micronutrients required by many crops
(Bartone, 1991).

Nonetheless, a better conservation measure may rest on the rescheduling of activities
during the year to correspond with the timing of water availability. Figure 5.3 illustrates some
of the suggested strategies for the annual rescheduling of activities in the area. By and large,
the diagram is similar to figure 5.2. But rather than congesting the higher water demanding
activities when the ‘only’ source of water is the shallow wells, some of the activities are
spread to take advantage of the ‘surplus’ rain and surface water during the rainy season. For
example, construction activities are rescheduled to commence soon after the rains and before
irrigation activities. Although the villagers understand the need to schedule activities more

appropriately when water is available, they enumerated a number of problems associated with
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such an arrangement. For example, one farmer said that “if we leave our crops in the farms
for too long, animals will intrude and consume everything. But we also have to mend our
houses and fences too. So we have to harvest the crops and bring them home first before
building. And if we build in the rainy season, the rains will destroy the walls.”

These constraints are understandable, but labour availability is apparently the main
impediment to any kind of adjustment that can be made. Evidently, the rescheduling of
activities is achievable if communal effort (participation) is employed in carrying out tasks
rather than individualistic production. Groups of four to five pcople were seen constructing
roofs for friends or colleagues who indicated that such effort was meant to save money, time
and energy. In the same disposition, larger groups can come together and be involved in
different aspects of farm work and construction. Such an arrangement will make more labour
available, thereby saving even more effort and time to warrant the rescheduling of activities.
Fadama farmers on the Jos Plateau mine lands in Nigeria have demonstrated the value of such
communal effort and the possibility of shifting activities to take advantage of the dry season
farming period which would otherwise be almost impossible once the rains come (Dabi,
1992).

(Figure 5.3 about here)

As indicated earlier, decision-making is mostly based on a hierarchy of community
leadership and religious beliefs. The Bulama (village head) is at the top of the hierarchy
(answerable to the local and state governments). His subordinates are the mai ‘urigvz (ward

head), maigida (family head), and the uwargida (a senior wife), in descending order. These
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people are vested with other responsibilities including decision making from domestic and
household, through the ward back to the community levels in a reverse order. The imam
(religious leader) and malamai (religious teachers) also partake in decision-making on
religious matters and when prayers are required to invoke rain and making water available.
Other bodies also play significant roles. For example, Fadama Farmers Association, Katarko
Youths Organization, and Katarko Women Association. These bodies have a great deal of
knowledge to handle most of their immediate problems. However, they look forward to
external assistance when it comes to major ones such as intermittent droughts and water
perennial scarcity as well as the need to increase water supply.

Ultimately, the people have to be educated and empowered to be able to achieve most,
if not all, the suggested strategies. Most importantly they must be involved right from the
planning and implementation stages for the projects to be fully participatory and acceptable.
The dissemination of information is also through the same channel as decision-making,
community and religious leaders. One major example of innovation diffusion and acceptance
is the use of water pumps for irrigation. The people also need encouragement in order for
them to exploit further their own technologies and knowledge systems. This is exemplified
by the recent collaboration between Jos (researchers) and the Katarko people to improve on
earthen pots for water storage. Besides, there is general consensus and evidence supporting
conventional knowledge, that education has a positive effect on the performance and

efficiency of rural people in LDCs (Lockhead, et al., 1980; Phillips, 1994).
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5.7 Summary and conclusion

Increase in the demand for water during the dry season is attributable to two major
factors: inherent scarcity at this period of the year; and an escalation of activities requiring
larger quantities of water. Irrigation farming, animal watering, brick making and housing
construction are intensified just when water is most scarce in the area. This paper has revealed
that little or no sophisticated technologies exist in the village for water procurement (sourcing
and withdrawal), water delivery (conveyance and distribution) and processing (storage,
retrieval and use). The villagers tend to depend on a number of introduced technologies for
water procurement (the tube well and water pumping machines) and for water storage tanks.
These technologies have proved to be unsustainable due to high purchase and maintenance
cost. and contribute to excess water loss by infiltration. seepage and evaporation.
Additionally, the annual scheduling of activities does not take proper cognisance of the timing
of water availability. The villagers also lack specialized skills for rainwater harvesting and
farming, and making the best use of excess water stored in ponds and stream at the end of the
rainy season.

However, a number of indigenous technologies are available for these processes. Such
technologies are locally fabricated tools and facilities manually operated by the villagers.
Although these are labour intensive, they are capital extensive, have the advantage of water
conservation, and are perhaps sustainable. There is also evidence of wastewater reuse and the

villager’s willingness to accept new innovation and/or technologies. All these efforts are
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geared toward reducing the impact of water scarcity and therefore sign of the drought
mitigation process. But the perpetuation of the problem and the people’s yearning for
assistance also indicate the need for alternative approaches to water conservation in the area.

Therefore, a number of appropriate strategies based on a combination of indigenous
knowledge systems and the transfer of technology to enhance water use and conservation in
the area are suggested. These among others include: rainwater harvesting and farming,
utilization of water ponds, construction of groundwater dams, rescheduling of activities and
communal participation. However, the ultimate strategies are education, empowerment and
encouragement. These will enable the people exploit further their own technologies and
knowledge systems and to participate in the planning and implementation of any strategies or
projects for them to be fully acceptable and sustainable. Some of these ideas are being
simulated as policy scenarios for water use efficiency using a commodity-by-industry
economic-ecological model (CIEEM). Results of these simulations will serve as policy

options for economic development and technology use but are subject for discussion

elsewhere.
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Figure 5.2

Approximate timing of water availability and activity schedule

(modified from Tarhule and Woo, 1997)
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Abstract

This paper uses a commodity-by-industry economic-ecological model (CIEEM) to
simulate the economic and environmental impacts associated with water use in the economic
development of a drought-prone village in Nigeria. Two policy scenarios, increasing
production of a number of commodities to improve economic development and water
application efficiency to conserve groundwater, were developed and simulated to investigate
these impacts. Results show that an increase in production will be met by an increase in
groundwater input while changes in the production process and water application efficiency
will ensure a reduction in inputs of groundwater as well as other environmental commodities.
The water conservation strategies discussed in the paper will serve as policy options for
sustainable development in this water-scarce rural village and other areas with similar

economic and environmental conditions.'’

Key words: commodity-by-industry economic-ecological model (CIEEM), economic and
environmental impacts, policy scenarios, economic development, water application efficiency,

water conservation, rural economy, village, less developed country (LDC).
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6.1 Introduction

This paper develops hypothetical policy scenarios which are simulated using a
commodity-by-industry economic-ecological model to investigate their impacts on water and
other ecological commodities. Results are expected to contribute to the establishment of
alternative policy options for water resources management and sustainable economic
development in the area.

The impact of economic development on the environment is now a global issue and
cannot be ignored. However, the extent of these impacts at local and regional levels in less
developed countries (LDCs) is not fully understood. Unlike the rich industrialized countries
where development is large-scale and the impacts associated with immense consumption of
fossil fuels are basically in the form of environmental pollution, development in the LDCs is
rather at a small-scale and the nature of impacts is often in the form of severe resource
depletion (World Bank, 1992; Lesser, et al., 1997). Therefore, the challenge of sustainable
development'' in these poor countries is an urgent matter of concern (WRI, 1992). This
concern can be investigated from two perspectives, economic development and environmental
degradation.

Unfortunately, the advancement of environmental economics and its associated

discourse on sustainable development have not resolved the links between long-term

Sustainable development is considered here to encompass economic, human,
environmental, and technological dimensions as defined in WRI (1992) including the
agricultural connotation contained in Dabi and Anderson (1998a).
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economic growth and environmental quality. The two schools of thought, that environmental
degradation is a necessary outcome of economic growth and that economic growth and
environmental quality go together, are still being debated (Antle and Heidebrink, 1995). Thus,
“one of the strident areas of environmental policy debate continues to be the relationship
between economic growth and environmental quality” (Lesser, et al., 1997, p587).
According to Ruddle and Rondinelli (1983, p2), “a more accurate and increasing
conclusion about economic development in relation to conservation of the natural
environment is that some development policies are indeed detrimental to environmental
quality and natural resources, but others have created opportunities for large numbers of
people to improve their levels of living in ways that are compatible with, comparable to, or
capable of enhancing the natural resource base. The form development takes, and the way
policies are designed and carried out (implemented), determine the effects on a country’s
natural resource system.” Regrettably, many development policies have neither benefited the
rural peasants nor ameliorated the menace of environmental degradation. There is therefore
the need to advance better economic development policies that will not only improve the lots
of the rural poor but also reduce environmental degradation and ensure sustainability.
Most economic development policies in the rural areas of LDCs have centred on
agriculture. The agricultural sector is fundamental to rural economic development in these
countries because it still employs more than 75% of the population (for example, see Dabi and
Anderson, 1998a; 1998b). Consequently, countries like Nigeria have emphasized the

agricultural sector as a stimulant to rural economic growth over the past four decades. Most
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of the strategies adopted however, were not very successful. Therefore, present day policy
makers are trying to take advantage of the lessons learned from the failures of the past (see
for example, Eicher and Staatz, 1990; FMI, Nigenia, 1991).

This paper describes an analysis of several hypothetical policy approaches toward
local economic development and sustainable water and resource management in drought
prone areas with particular reference to agriculture. A case study village in northern Nigeria
(described below) was selected for this study. These policy approaches represent development
scenarios drawn from the literature for the area and others with similar environmental and
human characteristics as well as empirical results from previous work. Each hypothetical
approachis formulated as a scenario and simulated using a commodity-by-industry economic-
ecological model to see the impact associated with such changes. Proposed changes in the
structure of production will be represented as exogenous final demand, and proposed changes
in technology and water conservation will be represented as changes in technical coefficients.
The results provide a more comprehensive measure of policy impacts than would be possible
without the model. The paper takes into consideration water use changes and the associated

impacts on the economy and the environment.

6.1.1 Case study area
Our case studies have been centred on a selected drought-inflicted village, Katarko
in Yobe State, Nigeria. This village is located within the semi-arid zone of northern Nigeria,

at 11°33'N and 11°55'E. It experiences similar environmental conditions as the rest of the
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Sahel region of sub-Sahara Africa. Droughts, water scarcity, and the threats of desertification
are inherent. Rainfall is limited to four months of the year with annual amounts ranging
between 500 and 1000 mm. Stream flow and other surface water sources fed by the rainfall
are seasonal, suffering from the menace of excessive evaporative demand and siltation. And
groundwater accessed by wells (deep and shallow) from the extensive sedimentary Chad
Formation which is recharged by the seasonal surface flow and is rather declining.
Notwithstanding, groundwater serves as the major source of water in the region. lts
undulating terrain is covered mostly by Sudan savanna-type vegetation, basically patchy
grasses and scrub as well as scattered acacia and baobab tree species upon which the
inhabitants derive food, fuel and construction material (see figure 6.1).

The major economic activities in the village as the rest of the region, include
agriculture (rainfed, small-scale irrigation, animal husbandry), rural industrial production
(small-scale manufacturing of goods, food processing, and handicrafts) as well as trade and
services transacted mostly within the local economy. The village economy is a combination
of subsistence and market activities with limited external linkages. Each household produces
agricultural commodities for both intermediate and final demand.

The village, as in most rural areas in this region, lacks urban infrastructures and
facilities such as piped water and electricity with government policies and assistance rather
unfavourable. Therefore, there is heavy dependence on traditional heritage, nature and
environmental resources. Water procurement, delivery and processing for economic and

domestic activities also depend on traditional initiatives and to a smaller extent, introduced



169

technologies. These often have adverse repercussions on water use and conservation in
particular, and the environment at large. (For detailed descriptions see Dabi, 1998; Dabi and
Anderson, 1998b.)

(Figure 6.1 about here)

6.2 Background

The main objective of this paper is to assess how alternative development scenarios
affect the use of ecological commodities, especially water, in the local economy of Katarko
village. In other words, to determine the impacts, on the economy and environment, in terms
of production and water use and to develop policy measures aimed at managing the water
resources of the area for sustainable agriculture and economic development. This requires a
model that can express these scenarios in terms of exogenous changes in final demand -
principally representing production of commodities for sale in markets outside the village.

Basically, there are three approaches to economic impact analysis for any given
region, viz.: the economic base (EB) methodology, input-output (1-O) methodology, and
Keynesian income expenditure theory (Mulligan, 1994; Hughes, 1997). Both EB and 1-O
methodologies consider the region as consisting of different disaggregate sectors. Interactions
between these sectors are analysed in order to measure the total impact of activity in one or
more of these sectors on the region. For the purpose of this study, we have employed the 1-O
methodology because it has sectoral detail and has the ability to show different multipliers for

the different industries, through dissaggregation (Treyz, 1993). This allows us to define
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accurate coefficients for the use of ecological commodities on a sector-by-sector or industry-
by-industry bases.

1-O models are used at the national, regional or local level to identify the effects of
changes in deliveries to final demand on aggregate gross output, incomes, and employment.
They provide an integrated framework for assessing the impacts of increased final demand
from one economic sector (or industry) on all other sectors (or industries). Changes in final
demand are treated as exogenous, and their total impacts (direct and indirect) are endogenous

(Miller and Blair, 1985; Hastings and Brucker, 1993; Sadoulet and de Janvry, 1995).

6.2.1 Application of 1-O models for environmental impact assessment: an overview
A more exhaustive model for regional impact evaluation requires the inclusion of the
environmental sector which takes into account flows of nonmarketable materials into and out
of the economic sector. Such flows, expressed in units of weight, may be treated in much the
same manner as economic inputs and outputs in the standard 1-O model (Johnson and
Bennett, 1981). The traditional I-O model developed by Leontief (1970) has been extended
to accommodate these environmental concerns, linking the environment and the economy.
There are three categories of environmental extensions of the I-O model. The first,
the pollution generation-elimination model was developed by Cumberland (1966). The model
was an extension of the rows and columns of the traditional I-O accounting framework to
include environmental concerns, in the form of an interregional model (IR10). Daly (1968)

led the way with the second category, economic-ecological models, employing a highly
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aggregated industry-by-industry characterization of the economic sub-matrix and a
classification of ecosystem processes. Isard (1968) also contributed to this category using a
commodity-by-industry accounting scheme in his model which recognises secondary
production and accounts for multiple economic and ecological commodities. The last
category, the environmental commodity-by-industry model, was first developed by Victor
(1972), who limited the scope of Isard’s model to account only for flows of ecological
commodities from the environment into the economy and of the waste products from the
economy into the environment in two sub-matrices, the “Economic subsystem” and
“Ecological subsystem.” These sets of extensions have had their successes and failures and
in various applications; most of which have been to analyse the impacts of policy scenarios
with particular reference to air and water pollution (Huang et al, 1994).

Huang et al (1994), developed a commodity-by-industry input-output model for
regional solid-waste management. The model improved on the commodity-by-industry work
of Victor (1972) by introducing an environmental policy initiative composing of waste
recycling, reuse and reduction activities (3R), reflecting economic and environmental effects.
It also improved on the work of Johnson and Bennett (1981) by introducing a regional solid-
waste management area to analyse (using hypothetical data) the relationships between
economic development and regional solid-waste management alternatives. Such a model is
useful for identifying waste sources, their generation rates, as well as their environmental
impacts corresponding to the different industries, environmental policies and regional

economic development alternatives. For more review on the earlier extensions of the I-O
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model, see Johnson and Bennett (1981); Miller and Blair (1985); Lonergan and Cocklin
(1985); Huang et al (1994); Dabi and Anderson (1998c).

Most applications of these extensions are basically suitable for developed economies
characterized with highly integrated industrial complexes accompanied by immense
environmental and air pollution, but they are less appropriate for rural areas of less developed
countries (LDCs), where production is done in small-scale local industries with relatively little
environmental pollution discharge. The more pressing problem in these rural areas is scarcity
of environmental resources and associated environmental degradation, rather than
environmental pollution. Therefore, a more desirable model will be one that captures the use
of scarce environmental resources in the economy, properly accounts for the depletion of
these resources by the economy or the interdependence between the economy and the
environment (resources), and ascertains impacts associated with such interactions.

In this paper, we simulate the impacts of development scenarios and water use on the
economy and environment using estimates from a commodity-by-industry economic-
ecological model (CIEEM) applied to the study village (Dabi and Anderson, 1998c). This
approach is consistent with Giarratani and Garhart’s (1991) observation that computer
simulated models can be an appropriate and effective means of evaluating particular aspects
of regional I-O analysis. This can be done in either of two ways (i) changes to an existing I-O
model (either deterministically, by substitution or changing certain parameters arbitrarily) or
(ii) computer generated I-O model components (either by actual observation or otherwise).

We are using the first approach by making hypothetical changes to the final demand category



173
and changes in the water input (an ecological commodity) component of the model as
described in the development and water use scenarios below. This will reveal some of the
critical commodities that may impact on the village economy and its environment. We are
more interested in the applicability and potential insights of the model than its predictive

power.

6.3 Methods

The categorisation of all village activities as a set of interrelated industries producing
a larger set of commodities for which input-output relations can be measured allows us to
adopt the commodity-by-industry economic-ecological model (CIEEM). /ndustries are
groups of firms or households, for example, rainfed agriculture and labour, that produce
goods or services for intermediate or final demand. Commodities are the individual products
of the industries, for example sorghum (guinea corn) and paid farm labour. Each industry
produces one or more commodities, and in principle the same commodity can be produced
by more than one industry, for example rice can be produced by both rainfed and irrigated
agriculture (see Table 6.1). Economic commodities, described above, are traded in the local
economy usually in monetary terms. Ecological commodlities are nonmarketable quantities
of goods extracted directly from the environment as inputs to an industry production process,
for example, water, land and vegetation or as outputs generated by a production process, for
example wastewater and solid wastes discharged back to the environment (Miller and Blair,

1985; Dabi and Anderson, 1998b; 1998¢c).
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When using the commodity-by-industry characterization' for impact analysis or

forecasting the following relationships are used:

Q=(-BD)"'E 6.1

where Q is a column vector (m x 1) of commodity output (production); I is the m x m identity
matrix, B=[b,] is the matrix (m x n) of economic commodity-by-industry direct requirements,
[b; is the amount of economic commodity i required to produce a unit output of industry j];
D=[d;] is commodity output proportions (n x m). Therefore, (I - BD)" is the commodity-by-
commodity total requirements matrix (m x m), analogous to the Leontiefinverse (1 - A)". Its
entries are called the interdependency coefficients that represent the direct and indirect
requirements. E = [E;] is a column vector (m x 1) of commodity deliveries to final demand.

In a similar fashion, output can be defined at the industry level as:

X=[(I-DB)"] ¥ (6.2)

where X is a vector (n x 1) of industry total outputs, [(I - DB)"] is the industry-by-industry

A commodity-by-industry characterization differs from the traditional industry-by-
industry (square matrix) model because the former, takes into account secondary
production. In other words, it considers the production of commodities irrespective of the
industries from which they are produced. However, the industries are divided based on the
similarity of production inputs (see Dabi and Anderson, 1998¢).
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total requirements matrix (n x n), the component D and B are as defined in equation (6.1),
and Y is a vector (n x 1) of industry deliveries to final demand, Y = DE (industry final demand
is a product of commodity output proportions (D) and commodity final demand (E). We have
adopted this relationship for our study by aggregating the changes in commodity production
into their respective industries.

Because we were unable to obtain data on quantities of the ecological commodities
used for the production of individual economic commodities, especially when more than one
commodity is produced, we have based the use of water and other ecological commodities
on industry output (Y) instead of commodity output (E). However, we expect that this
procedure will have little or no impact on the accuracy of our calculations. Thus, the

ecological commodity input total requirements are as follows:

G*=[G(I-DB)"] Y (6.3)

where G* is a vector (e x 1) of total (direct and indirect) ecological commodity inputs
required for the production of economic outputs, G is the matrix (e x n) of ecological
commodity input coefficients, e is the number of ecological commodity inputs. The elements
of (1-DB)" and Y are as defined in equation (6.2). The ecological commodity output total

requirements are given by:

F*=[F(1-DB)'] Y (6.4)
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where F* is also a vector (e x 1) the of total (direct and indirect) requirements matrix of
ecological commodity outputs produced due to economic commodity production, and F is
the matrix (e x n) of ecological commodity direct output coefficients, e also represents the
number of ecological commodity outputs. The notations (1-DB)™ and Y are as defined in (6.2)
above.

To facilitate our simulations, changes were made to either the final demand category
of the model equations or the water input requirement components. For changes in the final

demand category, the following sets of relationships are used:

AX=[d(-DB) '] AY (6.5)

where AX is a vector of new industry output following the change in the final demand

category AY used for the simulation. [(I - DB)"] is as defined above;

AG* = [G(I-DB)'] AY (6.6)

where AG* is a vector of new ecological commodity total (direct and indirect) inputs required

to meet the change in final demand AY used for the simulation. G is as defined in equation

(6.3) and [(I - DB)'] as defined earlier in equation (6.2) above. Then

AF* = [F(I-DB)'] AY 6.7)
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where AF* is a vector of new ecological commodity total (direct and indirect) outputs
produced following a change in the final demand AY . F is as defined in equation (6.4), and
(1-DB)" also as defined in equation (6.2) above. Whereas for the change in the water input

requirement, we have the following relationship:

AG*= [AG(I-DB)'] ¥ (6.8)

where AG* is a vector of new ecological commodity total (direct and indirect) inputs required
following the change in water input requirement AG; G and [(I-DB)"'] are as defined earlier.

The final demand category Y is unchanged, that is, the industry final demand described in

equation (6.2).

6.3.1 Data and simulation procedure

Data used in this paper are based on two field surveys conducted in Katarko Village.
The first a survey of all households to obtain basic population and activity data and the second
a sample survey to obtain more detailed economic and environmental (ecological)
information. A complete description of data collection is found in Dabi and Anderson
(1998b). Data generated have been used in our earlier paper (Dabi and Anderson, 1998c)
which developed and applied a commodity-by-industry economic-ecological model (CIEEM)
that accounts for the direct and indirect use of water in the village. Data for the simulation is

based on the results of that paper (Dabi and Anderson, 1998c), with information on local
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initiatives (indigenous knowledge systems and technologies) for water use and conservation
in the village (Dabi, 1998), and secondary information on development policy issues in the
region, from relevant literature (for example, Eicher and Staatz, 1990; FMI, Nigeria, 1991).

The first set of scenarios is based on changes in the structure of production
represented by adjusting the exogenous final demand. The hypothesis here is that an increase
in output of certain export commodities will lead to a corresponding increase in the quantity
reserved for sale to external (exogenous) markets. It is expected that income generated from
such an activity will improve the economic base of the village and consequently, the welfare
of its people as they invest further. However, the model will enable us to determine the impact
on other sectors of the economy and environment (particularly, water) associated with such
changes. A 10 percent increase in final demand for the corresponding commodities is used to
establish three sub-scenarios to investigate the resultant changes. The commodities used for
these simulations have been reflected as increases in their respective industries to establish the
changes in industry output.

Scenario (1a) uses information given by households to increase the final demand of
selected commodities. These are combinations of traditional and introduced agricultural
commodities (crops) and handicrafts of which most households indicated willingness to
increase their production. Households were asked to list, in order of preference, commodities
they are willing to produce more of. The following were identified: groundnuts (pea nuts),
cotton, rice, wheat, sheep, goats, calabashes and a variety of handicrafts.

Scenario (1b) uses information generated from the agriculture and rural development
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policies in Nigeria to increase the final demand on national cash crops (commaodities). The
national cash crops considered here are those contained in the Nigerian agricuitural
development plans since independence. The production of these crops was promoted by
government institutions and agricultural research and extension workers (see Eicher and
Staatz, 1990, FMI, Nigeria, 1991). In our study village these crops include groundnuts (pea
nuts), cotton, rice, wheat and cattle.

Scenario (lc) uses information from our earlier work that established the income
generation from commodity production in Katarko village (Dabi and Anderson, 1998b), to
increase the final demand of ‘strategic cash commodities, * crops that generate more income
per head to the farmers engaged in their production. These commodities include groundnuts
(pea nuts), beans (cow peas), gorongo (a local egg plant-like crop), vegetables (irrigated),
sheep and goats.

The differences between these sub-scenarios are that scenario (1a) includes sheep,
goats, calabashes and handicrafts in addition to major cash crops, groundnuts, cotton, rice and
wheat. Scenario (1b) is similar to (1a) except that it added only cattle, which is absent in (1a),
to the major cash crops. Scenario (1c) is also similar to (1a) but the difference between them
is that, scenario (1c) excludes all the major cash crops but groundnuts, excludes calabashes
and handicrafts, and instead, added three other crops: beans, gorongo and irrigated
vegetables.

Based on the above scenarios, changes in total output to meet these new final

demands were established by multiplying the change in the final demand category with the
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industry-by-industry inverse matrix (technical coefficients) already calculated. The differences
between these ‘new’ total outputs and the initial (observed) total output were also
determined. The corresponding income generated was calculated by multiplying the new total
output with the unit price for each commodity and aggregated for each industry. For the
ecological input and output categories, the same method was adopted but the changes were
established by subtracting the initial total input or output, as the case may be, from the
corresponding new total input or output respectively. A simulation of all three scenarios
combined (a maximum of 10% increase in any commodity changed in the three scenarios to
form a new final demand category) was also done to determine total groundwater use should
all the changes be implemented, and the percentage increase from the initial total groundwater
withdrawal determined. Finally, ecological commodity inputs and outputs to income ratios
were calculated to observe the intensity of ecological commodity use and production.” These
intensity values are useful for purposes of comparison among the three sub-scenarios.

The second set of policy scenarios relates to water use efficiency based on technology
and water conservation strategies drawn from an earlier paper (Dabi, 1998) and other relevant
literature (Eicher and Staatz, 1990; FMI, Nigeria, 1991), as indicated above. These scenarios
are represented as changes in technical coefficients (water requirements for commodity
production) as well as in the final demand of the model. Traditionally the model uses

coefficients as ‘constants’ but it is possible to change the ecological commodity coefficients

13

Income is used here as a measure of ‘development’ and to serve as a common
denominator rather than output which was measured in different physical units.
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in this model. We have therefore changed the water input coefficients to enable us to observe
the possible effects on production and water demand. A simulation of these changes will also
reveal the possible impacts on the economy and environment. For Katarko village and the rest
of the region, water conservation is perhaps feasible through either or a combination of three
approaches which have been developed into three other sub-scenarios as follows:

Scenario (2a) is based on water application efficiency by adopting new farming
strategies (technologies) that will reduce the quantity of water used for irrigation."* Although
some of ‘most efficient’ (introduced)irrigation water application techniques used have proved
to be “inappropriate” due to their sophistication as well as the high purchase and maintenance
cost, the indigenous (traditional) plant-to-plant method is perhaps a better option for this
village and others in the region (Dabi, 1998). The use of this traditional technique will reduce
the quantity of irrigation water by at least 10% even though it cannot achieve the 30%
efficiency claimed for the introduced types. However, labour requirements will be affected,
but income generation may remain the same since the same quantities of commodities are
produced. Therefore, a 10% reduction in the groundwater requirement per kg in the irrigated
is made, but there is no change in the final demand and all other input requirements are
expected to remain the same. The total groundwater saved will be determined by the model.

Scenario (2b) represents elimination or transfer of hydrophytic (water-loving) crops,

14

Earlier studies have indicated that water application efficiencies, using especially
subsurface irrigation methods, can reduce the quantity of water used by between 30-90%
with an average of less than 50%. Water application efficiency refers to the quantity of
water required to grow a plant to maturity (Criddle and Haise, 1957, Bertrand, 1965).
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that use more groundwater per unit of output, from the irrigation industry. For example, rice
and wheat consume about 13% of the irrigation water in the village (Dabi and Anderson,
1998b). Irrigated rice can be conveniently cultivated as a rainfed crop. Such an adjustment
will take advantage of the rainfall but will require additional labour during the rainy season
which can be met through communal effort. However, it will reduce the demand for
groundwater and labour by the irrigated agriculture during the dry season. Therefore, the final
demand category of rice and wheat are eliminated from irrigated agriculture industry and
cultivation of rainfed rice increased to meet the same final demand. It is expected that some
percentage of groundwater use for irrigation will be conserved in the process and all other
inputs will be affected (changed) as will be revealed by the model.

Scenario (2c) represents shifting or rescheduling of rural industry activities (especially,
building, brick making and pottery) to depend on rainwater harvested from rooftops and mini-
catchment areas or surface water and stream flow collection into surface or groundwater
dams (see Pacey and Cullis, 1986). With this adjustment, water and other input requirements
as well as income will remain basically the same. However, labour input requirements will
increase during the rainy season but groundwater will be conserved and the labour problem
can be solved through communal effort (Dabi, 1998). Therefore, there will be an elimination
of groundwater requirement in the rural industry, there will be no change in the final demand,
all other input requirements will remain the same, the total quantity of groundwater conserved
in the process will be determined by the model. (This will be represented by a change in

groundwater input requirement in the respective industries to zero.)
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The analysis of these new scenarios is based on changes in the values of the
groundwater input requirements for commodity production for scenarios (2a) and (2c). For
scenario (2b), there was a change in final demand in addition to the change in groundwater
input. The new values are multiplied by the corresponding commodity or industry output to
determine the new direct and total groundwater requirements and the new industry output for
scenario (2b). A simulation of all three scenarios combined (a summation of all three changes,
since there are no repetitions in the different scenarios) was also done to determine the total
groundwater used should all the changes be implemented, and the percentage decrease from
the initial total groundwater withdrawal determined. Finally, ecological commodity use and
production intensities were also calculated to facilitate the comparison among the three sub-
scenarios.

Both sets of policy scenarios are based on possible options available for the
sustainable development of this rural village as well as others in the region. Resuits will

enhance our understanding of these economy-environment relationships.

6.4 Results and discussions

The model we have used here allows calculations in physical units making it suitable
for application in this village where some of the commodities, especially ecological
commodities, do not have monetary values. However, this leaves us with the problem of
interpreting the results, especially making comparisons between the different scenarios. It is

even worse or probably impossible to compare items measured in different physical units. It
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is also very unclear how to compare scenarios of different magnitudes developed for this
economy. The ecological commodity use and production intensity measures (ratios) described
earlier, however, prove useful for making direct comparisons between scenarios.

Simulation results from the two sets of scenarios gave ‘new’ commodity and industry
outputs which were subtracted from the corresponding initial (observed) values to establish
the implied changes (differences). These changes and the intensity values have been tabulated
for easier assessment. Table 6.1 shows the changes in industry production and income
generation for first set of scenarios. Comparing among the sub-scenarios for rainfed
agriculture, as an example, scenario (1c) has the highest increase in industry output to meet
the new final demand. This is followed by scenario (1a) then (1b). Correspondingly, scenario
(1c) indicated the highest increase in income generated, again followed by scenario (1a) and
scenario (1b) as the lowest. Similar trends are observed for irrigated agriculture and animal
husbandry. The labour requirements for the three sub-scenarios tend to follow the same
pattern. However, looking at calabash carving, for instance, the trend is fairly different.
Scenario (1a) leads the way with the highest increase in industry output followed by scenarios
(1c) then (1b). The same order is reflected in the increase in income generation.
(Table 6.1 about here)

Table 6.2 show similar trends for the respective industries in their requirements for
ecological commodity inputs. The total values also exhibit the same trend, for example,
scenario (1c) requires, significantly, the highest quantity of groundwater, land and vegetation,

followed by (1a) then (1b). Table 6.3 which shows ecological commodity (production)
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outputs exhibits some variation. Scenario (1a) leads with wastewater production followed by
(Ic) and lastly (1b). However, for solid wastes production, the former trend is repeated, with
scenario (lc) as the highest producer, the next being (1a), and then (1b).

(Tables 6.2 & 6.3 about here)

These trends may be attributed to the variation in changes made to generate the
hypothetical data. However, taking these figures at face value can obscure some valid
information which makes comparisons difficult. Therefore, we have established percentages
of the increase in groundwater use required to meet the new final demand and ecological
commodity use and production intensities to facilitate our comparisons as suggested earlier.
Table 6.4 gives a summary of percentage increases in groundwater use as well as ecological
commodity use and production intensities for each scenario. The following percentage
increases are observed: scenario (1a), 0.13%; (1b) 0.09%; and (1c) 1.11%. From these, it is
evident that scenario (1b), increasing the production of national cash crops (commodities),
will require less groundwater input to meet the new final demand. This will be more
appropriate toward meeting our objective, water conservation. But a simulation of all three
scenarios combined, will lead to a 1.17% increase in groundwater requirements. That is, an
increase of nearly one hundred and forty thousand liters of groundwater.

(Table 6.4 about here)

The ecological commodity use and production intensities which show the quantities

of commodities used or produced for every naira generated, present a better base for

comparison and perhaps the determining factor for selection of scenarios. Naira is the
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Nigerian currency, pegged at N22.00 to US$1.00 in 1995 when most of the data were
collected. Interestingly, only the intensity values for groundwater follow the trends
demonstrated by the analytical (simulation) figures in which scenario (1c) dominated inits use
and production of ecological commodities followed by (1a) and (1b). For land use intensity,
the trend is reversed with scenario (1b) as the highest followed by (1a) and then (1c) as the
lowest. But for vegetation input, wastewater and solid wastes intensities, an entirely different
trend is observed where scenario (1a) leads, followed by (1c) and then (1b).

The initial trends observed for groundwater intensity may be attributed, for example,
to the fact that the strategic cash commodities reflected in scenario (1c) only generate more
income per head but excluded the major cash crops which generate more total income.
Therefore, scenario (1c) generates less total income than scenarios (1a and b) and is bound
to be more water intensive, even though irrigated crops like gorongo and vegetables are
included in scenario (Ic), the more water demanding crops like irrigated rice and wheat are
excluded.. Scenario (1a) that follows with the water intensity, generates less total income than
scenario (1b) because it had only sheep and goats instead of cattle (a bigger income earner
than sheep and goats) reflected in (1b), consequently, the differences in the respective
intensities.

In the second trend in which (1b) leads followed by (1a) and then (1c) as exhibited by
land intensity may be attributed, in part, to the transfer of irrigated rice to rainfed agriculture
which requires more farmland (usually, rainfed agriculture is more land intensive than irrigated

agriculture, see Dabi and Anderson, 1998b) and to the fact that the other scenarios do not
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involve any change in production per se. The third trend exhibited by vegetation, wastewater
and solid wastes where the order is scenario (la), (Ic) and (1b) as the lowest may be
attributed, in part, to the quantity of vegetation required for wood carving and the
corresponding wastes generated and the combination of commodities suggested for scenario
(la).

Most probably, the trends described above are a reflection of the total quantities of
the different commodities as the income values per commodity are the same in each case. By
and large, it is clear that scenario (1c) will be the least preferable because it requires the most
groundwater and vegetation per naira. It also generates the most waste water and solid waste
per naira. ldeally, scenario (1b) will be the most preferable but requires the most land per
naira. Scenario (1a) which shows, generally, the lowest intensities across all other ecological
commodities and conform with the villagers’ willingness to increase the production of a
number of commodities, would have been the most preferred, but requires more groundwater
per naira than (1b).

Results of the second set of our policy scenarios (water use efficiency) on Table 6.5,
indicate that production in scenarios (2a) and (2c) remained the same but scenario (2b)
showed some changes (increase or decrease). This is attributable to the fact that no change
in the final demand category of the former two scenarios was made for the simulation.
Literally, scenario (2b) shows a decline in total production in the irrigated industry as well as
animal husbandry, milling and vegetation. Other changes were rather insignificant.

Surprisingly, there was also a decline in paid labour, perhaps because irrigated agriculture
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requires more paid labour than rainfed. Rainfed agriculture into which rice cultivation is
transferred, relies more on unpaid household labour. Correspondingly, there was a decrease
in income accruing to the industries indicated above. The most significant decrease was in the
animal husbandry industry followed by the irrigation industry. But as expected, there was an
increase in income in the rainfed industry, because of the transfer of irrigated rice to the
industry.

(Table 6.5 about here)

Table 6.6 show the analytical results for changes in ecological commodity inputs. All
industries but rainfed agriculture that had some amount of change showed a decrease in
groundwater use. The increase in groundwater use for rainfed agriculture in scenano (2b) is
because of the shift of irrigated rice to that industry. The same trend is observed for land and
vegetation inputs owing to the same reason as in groundwater use. But in general, all
scenarios (2a, b, and c) recorded a decrease in groundwater input. Scenario (2c) recorded a
decrease of more than nine hundred thousand liters of water, scenario (2a) about two hundred
and fifty thousand liters, and scenario (2b) a little more than fifty thousand liters. For other
ecological commodity inputs, land and vegetation, only scenario (2b) was affected. This was
between the irrigated and rainfed industries where the transfer of rice was made. There was
a general increase in land input due to the significant increase for rainfed agriculture. Rainfed
agriculture uses more land, in total, than irrigated. The decrease in irrigated agriculture was
low. Similarly, for vegetation input, there was a small increase into rainfed agriculture but a

decrease into irrigated.
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(Table 6.6 about here)

However, for ecological commodity outputs, waste water and solid wastes, on Table
6.7, only scenario (2b) show some rather insignificant changes. Rainfed agriculture shows an
increase in both cases while irrigated, a decrease. The total figures show a general decrease
even though rainfed showed some increase. In general, these analytical values for ecological
commodity inputs and outputs are a reflection of the changes made to establish the
hypothetical data.

(Table 6.7 about here)

To understand the extent of water conservation, the three sub-scenarios were
compared with the initial groundwater input to establish the percentage decrease in water use.
Ecological commodity use and production intensities were also established. Table 6.8 gives
a summary of these values according to the three sub-scenarios. The following percentage
changes are observed: scenario (2a), 2.12%, (2b) 0.4%, and (2c) 7.95%. This suggests that
scenario (2c). rescheduling of rural industry activities to take advantage of water harvesting
will conserve more groundwater. A simulation of all three scenarios combined yielded up to
10.47% savings of groundwater. That is, a conservation of more than one million liters of
groundwater.

(Table 6.8 about here)

Ecological commodity use and production intensities could be calculated only for

scenario (2b). Scenarios (2a) and (2c) did not show any changes because their final demand

categories were not altered in the simulation as indicated earlier. Hence, changes observed
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in scenario (2b) cannot be compared with the others. However, some deductions can be made
with regards to conservation. Mathematically, the positive (+) values in this case indicate a
decrease and the negative (-) ones, an increase. This is because income generation generally
declined, showing negative values. When used to divide corresponding negative values
reflecting decreases in ecological commodity use or production will yield positive (+) results
and vice versa. Therefore, only land input appreciated, that is, for every naira generated, more
land will be required. But for the groundwater intensity, there is a higher amount of
conservation. For example, for every naira generated there will be a reduction or conservation
of about two liters of groundwater. Vegetation input, and waste water and solid waste

outputs are also low, but a decrease per naira.

6.5 Summary and conclusion

This paper uses a commodity-by-industry economic-ecological model (CIEEM) to
simulate the economic and environmental impacts associated with a number of development
scenarios. In the process, we did a simulation of changes in production and groundwater use
to investigate their impacts on the economy and environment. Our simulations are based on
two sets of policy scenarios: increase in production of goods aimed at improving the economy
of Katarko village and water use efficiency to conserve groundwater and maintain the
environment. Our results show that while an increase in production will be met by an increase
in groundwater input, changes in the production process and water application efficiency will

ensure a reduction in groundwater input as well as other environmental commodities.
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The model employed for this analysis has been useful in illuminating economy-
environment relationships that would not have been evident without it. We have been able to
demonstrate from our first set of policy scenarios that, increasing the production of a number
strategic cash commodities, those that earn farmers more income per output (scenario 1c) will
generate more income per head but require more groundwater. The production of national
cash crops, scenario (1b), is perhaps a better option because it requires less water in the
process, although less income is generated. However, the ecological commodity use and
production intensities further clarified the nature of the relationship. For example, the
groundwater intensity shows that scenario (1c) requires more water per naira and is therefore
the least preferable option.

We also elucidate from the second set of our policy scenarios that it is possible to
conserve large quantities of groundwater through realistic improvements in water application
methods and better choice of irrigated crops or transfer of say irrigated rice to rainfed
agriculture. Even more groundwater will be conserved if activities are rescheduled to take
advantage of rainwater harvesting. Better still is a combination of all strategies whereby huge
sums of groundwater can be conserved. These strategies can serve as policy options for
sustainable development in this water-scarce village. They can also be applied to other areas
with similar economic and environmental conditions.

However, achieving this dual advantage, increasing production and at the same time
reducing the use of or impacts on environmental commodities (especially water), may only

be feasible with some tradeoffs. These tradeofTs are not the subject of discussion in this paper.
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Such an investigation will require the use of other tools like social cost-benefit analysis. This
is because other sociocultural and political factors not considered in the model may be
important. It would also be interesting to introduce time-series data to investigate the possible
impacts over time using a dynamic approach. This will allow us to observe rather than just
simulate changes in water use associated with changes in agricultural practice. Another useful
extension would be to investigate the problem from a regional setting to observe possible
linkages with and feed back effects from the rest of the region, using interregional input-

output (IRIO) or multiregional input-output (MRIO) approaches.
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CHAPTER SEVEN

Summary and Conclusion

7.1 Introduction

The purpose of this study was to investigate the nature of water use in Katarko, a
drought-inflicted village in the semi-arid zone of northern Nigeria. Economic development
in this area is constrained due to the occurrence of intermittent droughts, desertification and
water scarcity. The aim of this research therefore, was to develop an analytical framework for
assessing alternative economic development scenarios in the village and to advance policy
measures for a sustainable economy without endangering the environment. Chapter | of this
thesis is an introduction which identified the problem of study, outlined the aims and
objectives, and discussed the conceptual framework. Chapter 2 set the problem in context of
sustainable agriculture and economic development. identified broad strategies toward solving
it, and indicated the need for an analytical approach.

This study took up this task using the case study village of Katarko. Base data on
water use and commodity production were generated in Chapter 3. An analytical model, a
commodity-by-industry economic-ecological model (CIEEM) was developed in Chapter 4.
It is an environmental extension of the input-output (I-O) model and useful for determining

direct and total (direct and indirect) input requirements. Because it does not include human
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responses, an indigenous knowledge systems and technology (local initiatives) investigation
was done in Chapter 5. To facilitate a comprehensive assessment of alternative economic
development policies in the village, data generated in Chapter 3, the model developed in
Chapter 4, and information deduced from Chapter 5 and other relevant literature were used
to develop two sets of policy scenarios. The established scenarios were simulated using the
model to determine the impacts associated with each development approach. The findings are
expected to be applicable not only to the village but to the rest of the region. The major

findings of the study are summarized in the next section.

7.2 Major Findings

The major concern in this study was that of water scarcity. Aridity, droughts, land
desiccation, water stress, and inaccessibility to water are the environmental (climatic) and
economic (human) but interrelated conditions responsible for water scarcity in the region.
These have contributed to unsustainable agricultural development and environmental
degradation in the area. Therefore, there is relative decline in per capita food production,
continued poverty and food insecurity within the economy. There are also endemic
environmental problems such as deforestation, overgrazing, soil erosion, ecological
degradation, and threats of desertification. The study identified steps toward ameliorating the
problem one of which was conducting micro-scale interdisciplinary researches such as the one
undertaken and reported here.

Results from the field research reported in Chapter 3 indicate that groundwater is a
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critical resource for the rural villages in the semi-arid zone of northern Nigeria, as in the rest
of the region. Irrigated cultivation of vegetables and grains on a small proportion of the
agricultural land accounted for more than half of all groundwater consumed in Katarko
Village. It is practised by a relatively small proportion of households and generates relatively
little income in aggregate, although a significant contribution to the income of the households
involved. Animals also consume a significant amount of groundwater, but often benefit from
other sources of water while pasturing at locations outside the village area. These results deal
only with the direct water requirements of the various commodities produced in the village.
To facilitate the estimation of the total (direct and indirect) water requirements or impacts
associated with a change in production in any one activity, a better estimation procedure was
needed. Hence an input-output modeling framework was developed in Chapter 4.

A commodity-by-industry economic-ecological model (CIEEM) was used to establish
the technical coefficients of the interindustry transactions of economic and ecological
commodity inputs and outputs. Direct, total and indirect effects of commodity production
were discussed. The village economy exhibited sparse sectoral interdependence within the
economy but a heavy dependence on ecological commodities, particularly water, a scarce
ecological commodity in this semi-and environment. The major users of water (liters per unit
output) based on the direct effects include animal husbandry, building and irrigated
agriculture; and based on total effects are catering, building and animal husbandry, in
descending order. The ability to estimate impacts associated with these effects and changes

in water use will contribute to the development of better water management strategies for the
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area. However, a more sustainable strategy will require an understanding of local initiatives
for mitigating the problem of water scarcity.

Consequently, some technologies for water management used by the villagers were
investigated and reported in Chapter 5. Observations show that activities requiring larger
quantities of water are concentrated during the dry season, even though local technologies
for water procurement, delivery and processing are unsophisticated. The villagers tend to
depend on introduced forms of technology such as water pumping machines and storage
tanks. Although these are useful in facilitating water supply, they have proved unsustainable
due to purchase and maintenance costs, and do not necessarily conserve water. Other issues
are the inadequacy in annual scheduling of activities in relation to timing of water availability
and absence of specialized skills for rainwater harvesting and farming to take advantage of
“excess” water during the rainy season.

However, there are locally fabricated tools and facilities, based on indigenous
initiatives, used for water procurement, delivery and processing. Although these facilities
(tools) are manually operated and labour intensive, they require less capital investment,
conserve water, and perhaps sustainable. The villagers’ willingness to accept new innovation
and/or technologies and their effort in wastewater reuse are indications of indigenous
knowledge systems geared toward reducing the impact of water scarcity. Despite these
efforts, the water scarcity problems have been persistent. Concerted calls for assistance by the
people also indicate the need for alternative approaches to water conservation in the area.

Hence, the strategy of adopting “appropriate technologies” for water use is suggested.
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Prominent among these are rainwater harvesting and farming, utilization of water ponds,
construction of groundwater dams, rescheduling of activities to take advantage of water
availability, and communal participation in terms of work, planning and implementation of
projects. These will require education, empowerment and encouragement of the people to
enable them exploit further their own technologies and knowledge systems. Ideas generated
from this study were also used to develop policy scenarios for water use efficiency. The
established scenarios were simulated using the commodity-by-industry economic-ecological
model (CIEEM) in Chapter 6.

The two sets of policy scenarios used in the simulation model were: (i) increase in
production of goods aimed at improving the economy of Katarko Village and (ii) water use
efficiency to conserve groundwater and the environment. Results from our first set of policy
scenarios show that increasing the production of a number strategic cash commodities, those
that earn farmers more income (scenario Ic) will be worthwhile because they actually
generate more income per head but require more groundwater. But the production of national
cash crops (scenario 1b) is perhaps a better option because it requires less water in the
process, although less income is generated. However, the ecological commodity-income
ratios further clarified the controversy in which the groundwater-income ratio shows that
scenario (1c) requires more water per naira and therefore, the least preferable option. The
second set of our policy scenarios indicate the possibility of conserving large quantities of
groundwater through better water application methods and better choice of irrigated crops

as well as transfer of irrigated rice and wheat to rainfed agriculture. More groundwater will
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be conserved if activities are rescheduled to take advantage of rainwater harvesting. A
combination of all strategies will conserve even larger quantities of groundwater.
Achieving this dual advantage, increasing production and at the same time reducing
the use of or impacts on environmental commodities (especially water), involves some
tradeofTs. Either irrigation farmers, who are usually the land owners, sacrifice the cash flow
and conserve the water for the benefit of the rest of the community or insist on making money
to the detriment of the rest of the community and the environment. Conflicts may also
emanate from the strategies suggested in this study, but with education and a better approach
that involves the participation of the people, some amount of success can be achieved. These
issues are only identified and outlined here, determining the credibility of these tradeofTs is

however, not within the scope of this research.

7.3 Directions for future research

The results of this study summarized in the preceding section contribute a great deal
of knowledge on the nature of the problem, actual and potential, of water scarcity and water
use in this drought-prone village. The associated impact on the economy and environment as
well as strategies geared toward a sustainable economy and environmental rehabilitation were
identified and discussed. The model employed in this study produced results and a more
comprehensive measure of economic and environmental policy impacts than would be
possible otherwise.

Having estimated the possible economic and environmental effects in this village, it



212

will be interesting to introduce time-series data to investigate the possible impacts over time
using a dynamic approach. A dynamic input-output (DIO) model facilitates the description
of the relationships and impacts over time (say from now to the year 2000 and beyond). This
association can also be investigated over space using either an interregional input-output
(IRIO) model (for example between Katarko and the rest of the region) or a muitiregional
input-output (MRIO) model (say among the different districts or village areas within the
region including Katarko). The problem with these approaches will be data requirements. For
information on the structure of these possibilities, see for example, Isard (1951); Leontief et
al (1953); Richardson (1972); Polenske (1980); Hewings (1985); Miller and Blair (1985),
Johnson (1986).

It will perhaps be more interesting and rewarding to investigate further the tradeoffs
inherent in the implementation of policy options identified in this study. Even though the
input-output-type model employed here is useful for describing the type of relationship and
the impacts of proposed development policies, economic and environmental, it does not
incorporate criteria for decision making such as project selection or rejection (Lonergan and
Cocklin, 1985). Such an investigation will require the use of other tools, for example (social)
cost-benefit analysis ([SJCBA), the formal procedure for comparing the costs and benefits or
assessing the consequences of alternative public policies (Peskin and Seskin, 1975, Haveman
and Weisbrod, 1975; van Kooten, 1993; Munashinge, 1993; Lutz and Munashinge, 1994,
Schulze, 1994). The social accounting matrix (SAM) in which socio-cultural and political

factors (for example, van Kooten, 1993) not considered in this study are included can also be



213

used. However. the use of these analytical techniques at this stage of the study will obscure
the inherent environmental implications illuminated by the CIEEM used.

Other areas worthy of further study include labour availability and annual rescheduling
of activities. The study suggested rescheduling of activities to take advantage of the
“abundant water” during and immediately after the short rainy season. However, more labour
input will be required to make the changes. Although communal effort based on field
observations and interviews discussed in Dabi (1998) have been suggested, it will be

interesting to investigate further how such an arrangement can be made and how much

success will be achieved.
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Appendix 1A:

Background information on the Input-Output modelling framework

1A.1 Input-output analysis

Input-Output Analysis (also referred to as Interindustry analysis) is essentially a
method of analysis that takes advantage of the relatively stable pattern of the flow of goods
and services among the elements of our economy to bring a much more detailed statistical
picture of the system. It defines the model of the economic system by classifying and
aggregating the facts concerned with real situations. Input-Output analysis therefore, is a
method of systematically quantifying the mutual interrelationships among the various sectors
of a complex economic system (Leontief, 1986).

In other words, the Input-output analysis, is an accounting system that considers the
interactions between the different sectors (groups of firms or industries producing similar
goods or output) of the economy of a given region at a particular time. The flow of goods
and services within and between those sectors is used to model their interdependence. The
goods and/or services produced (output) from one sector are either used within that sector,
transferred to other sectors as inputs for their own production or sold to final consumers.
Similarly, other sectors may use some of their products (goods and/or services) as input for

further production and transfer (sell) some as output to the other sectors as inputs for
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production (Technical details are provided in Appendix 1B).

1A.2 Definition of terms
1A.2.1 Economic area

An economic area is that for which an Input-Output model is constructed from
observed data in a nation, region, state, etc. It is also considered to be an economic system
and may be as large as a nation or even the entire world economy, or as small as the economy
of a metropolitan area or even a single enterprise .The economic activity in the area must be

divided into a number of sectors (Miller and Blair, 1985; Leontief, 1986).

1A.2.2 Sectors and commodities

Sectors are groups of firms or industries that produce goods and/ or services in an
economic system (area). These are usually primary products of the said industries, either for
the production of other goods or for final consumption. Sectors are classified according to
primary (characteristic) products. The necessary data are the flow of products from each of
the sectors (as a producer) to each of the sectors (as a purchaser). Commodities are the
individual items produced either as primary or secondary goods or services for consumption
(final demand) or to be used for the production of other goods or services (intermediate
demand).

Commodities are the individual items produced (as primary or secondary goods or

services) by a sector. Examples of commodities are, from the economic sectors: grains,
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vegetables, meat, calabashes, hoes, fried potatoes, barbing/hair plating, class or home lessons,
health care services, etc.; and from the ecological subsystem include certain quantities of

water, pieces of land, soil nutrients, vegetative cover, firewood, etc.

1A.3 Assumptions

(1) The fundamental assumption of the input-output analysis is that the intersectoral flows
from sector i to sector j over a given period of time, depend entirely and exclusively on the
total output from sector j for that same period. In other words, there is a fundamental
relationship between the volume of the output of a sector (industry) and the size of inputs
going into it. That is the flow of products from each of the sectors (as a producer) to each of
the sectors (as a purchaser) for their own production. This implies constant returns to scale
(Miller and Blair, 1985).

(i) The input-output sector consists of plants producing a single homogeneous product
with similar techniques. This means that there is no substitution in the production system. This
involves lumping together many separate activities into one sector. The prevalence of multi-
product plants makes it impossible to group together only those plants with similar output and
input structures. However, the practical solution is to group processes and products which
differ in some respects but which behave sufficiently uniformly to be used as a basis for
aggregation (Richardson, 1972).

(i)  Input-output analysis requires that a sector use inputs in fixed proportions. This

specification of a fixed (linear) production function also means constant returns to scale.
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Thus, any proportional growth in all inputs will produce an equally proportional increase in
output. Similarly, any proportional decrease in production input will result in an equally
proportional decrease in production output. However, the addition of only one input is
useless from the point of view increasing the output. Only when all inputs are increased
proportionately can the output increase (Miller and Blair, 1985).

(iv)  The model also assumes that the amount of each product which each sector consumes
depends only on the output of the consuming sector. And that an equilibrium in the economy
is attained when output of each sector equals total purchases from that sector, these
purchases being determined by the outputs of all other sectors. Everything is governed by the
dictates of productive necessity where each output requires only its inputs (Richardson, 1972)
(v) There are no constraints on resource availability. It is assumed that supply is infinite
and perfectly elastic. Also, local resources are believed to be efficiently employed and no
underemployment of resources (Hastings and Brucker, 1993).

Input-output models have been criticized more on their assumptions of homogenous
industries producing a single commodity using only one scarce primary factor. This led to the
development of the Commodity-by-Industry Input-Output accounts which recognises that
each industry may produce more than one commodity and that a commodity can be produced
by more than one industry. Later, the Environmental input-output models were introduced
to link the environment and the economic sectors. These are of relevance to this research and

are discussed in the subsequent sections.
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1A.4 Commodity-by-industry input-output accounts

According to Miller and Blair (1985), the Commodity-By-Industry Input-Output
Accountsis an alternative approach to the Input-output accounts which more accurately takes
into account secondary production. Data is collected according to two distinctive
classification schemes, namely: industry accounts of primary production, and commodity
accounts of either primary or secondary goods or services. Accounting for secondary
production is the only difference between industry and commodity accounts (that is, if no
secondary production exists, the industry and commodity accounts will be identical). The
commodity-by-industry input-output account is made up of two sub-matrices, the make
matrix and the use matrix.

Make Matrix: This is a flow matrix, the rows of which describe the commodities
produced (outputs) by industries in an economy and the columns describe the industry sources
of commodity production. However, this matrix does not provide the complete picture of the
interindustry activity, because value added, destination of commodity deliveries from an
industry, and final demand are not recorded (see Table 1A.1).

Use Marrix: This is also called the absorption matrix and records the commodity
inputs to an industrial production process in order to complete the picture presented by the
make matrix. It therefore, presents the destinations of commodities delivered into industries
and final demand (see Table 1A.1).

(Table 1A.1 about here)
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1A.5 Environmental input-output analysis

The input-output model has been extended (or modified) to facilitate the measurement
of environmental (or ecological) quantities, either in monetary or physical units. However, the
major problem of this extension has been the appropriate unit of measurement (Miller and
Blair, 1985).

There are three basic categories of environmental extensions of the input-output
model as follows: (i) Generalized Input-Output or pollution generation-elimination models,

(ii) Economic-Ecological models, and (iii) Environmental Commodity-by-industry model.

1A.5.1 Pollution generation-elimination models

The traditional input-output model was first extended by Cumberland (1966) for the
analysis of environmental problems. The interindustry model simply extended the rows and
columns of the traditional input-output accounting framework to encompass environmental
costs and benefits effects of production sectors. This model has been criticized for its
ambitious attempt to place monetary values on environmental effects rather than measuring
them in purely physical terms. Such extensions form the group of pollution generation-
elimination models. Although interesting in their formulation they do not present a suitable

framework for this study.

1A.5.2 Economic-ecological models

Daly (1968), incorporated environmental activities into an input-output framework
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using flow matrices within and between economic (human) activities and environmental (non-
human) processes. He employed a highly aggregated industry-by-industry characterization of
the economic submatrix and a classification of ecosystem processes, including life processes
such as plants, animals and bacteria, and non-life processes of the atmosphere, hydrosphere
and the lithosphere. The work is basically theoretical, an attempt to link biology and
economics and suggested a “general equilibrium” model which considered the human
economy from an ecological perspective.

Isard et al. (1968) had a similar approach to the work of Daly, but instead of an
industry-by-industry characterization, adopted the commodity-by-industry accounting scheme
which allows accounting for multiple commodities, economic and ecological, produced by a
single industry (that is recognising secondary production). Although they attempted an
empirical application of the model by estimating the technical coefficients directly from
technical data, the model was not fully implemented, most likely, due to compliexity of the
ecosystem submatrix and data availability (Isard et al, 1971; Richardson, 1972; Victor, 1972:
Miller and Blair, 1985; Huang et al., 1994).

Ecological Commodities: Ecological commodities are distinguished into two
categories namely: (i) inputs to an industry production process, for example water; and (ii)
outputs generated by a production process, for example pollution. These may be viewed as
flows out of and into the ecosystem in which the interindustry economic system exists, that
is the ecological input and output commodities. Ecological commodities can also be classified

according to their sources of extraction and the sinks to which they are eventually discarded
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and may be restricted to nonmarket materials such as water, land, air, etc. (Johnson and
Bennett, 1981; Miller and Blair, 1985).

Ecological commodities are nonmarketable quantities that are either inputs used or
outputs discharged from a production process. The notion of commodity-by-industry
accounts can be extended to accommodate environmental activities in terms of these
ecological commodities. This can be achieved in two ways, (i) by appending the
environmental intensity rows to the technical coefficients; and (ii) by creating an “ecosystem
submatrix” that is linked to interindustry economic flows that account for environmental (or

ecosystem) flows. Such a model is often called a “fully integrated model.” (see Table 1A.2).

1A.5.3 Environmental commodity-by-industry models

Victor (1972), limited the scope of Isard’s fully integrated economic-ecological mode!
to account only for flows of ecological commodities from the environment into the economy
and of the waste products from the economy into the environment. The model is referred to
as the “Limited Commodity-By-Industry Economic-Ecological Model.” It limited the scope
of analysis by reducing the number of variables considered, the data required are generally
available, and therefore, the model can be implemented with little difficulty. The model is a
conventional commodity-by-industry table augmented with additional rows of ecological
inputs and columns of ecological outputs. The model has two submatrices, the “Economic

subsystem” and “Ecological subsystem.” (see Table 1A.3).



Table 1A.1 Summary of commodity and industry accounts

Commodities Industries Final Total
Demand Output
A B A B
Commodities
A
U E Q
B
Industries
A
\Y% X
B
Value Added w GNP
Total Output Q X'

Source: Miller and Blair (1985), pl61

Table 1A.2 Basic structure of the economic-ecologic Model

Industries Ecologic Frocess
Industries Flows between Economic sectors Fiows from Industry to the Ecosystem
Ecologic Flows from the Ecosystem to Flows within the Ecosystem
Process Industry

Source: Miller and Blair (1985), p252.
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Table 1A.3 The limited commodity-by-industry economic-ecological model

Economic Subsystem Ecosystem
Commodities Industries Final Total Ecologic
Demand Output Commodities
Commodities U E Q R
Industries \V4 X S
Value Added \\Y GNP
Total Output Q X'
Ecologic P T
Commodities

Source: Miller and Blair (1985), p253
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Table Notations

The Economic subsystem:

U = [uy] is the “use” matrix; u; represents the amount of economic commodity i used by
industry j. For n industries and m commodities, U is m x n.

V = [v;] is the “‘make” matrix; v; represents the amount of economic commodity i
produced by industry j. Visn x m.

E = [E] is the vector of economic commodity final demands; E,; is final demand for
commodityi;Eismx |.

Q = [Q)] is the vector of economic commodity gross outputs, Q, is the total production of
commodity i, Qism x 1.

W =[W] is the vector of industry value-added inputs; w; represents the total of value-
added inputs to industry j; Wis | x n.

X =X} is the vector of industry total outputs; X; represents the total output of industry j;

Xisnxl.

The Ecological subsystem:

R = [r,] is the matrix of economic commodity by ecological commodity outputs; r;, is the
amount of ecological commodity k discharged as a result of economic commodity
i; for | ecological commodities; R is m x ¢.

S = [s;] is the matrix of industry by ecological commodity outputs; s;, is the amount of
ecological commodity k discharged by industry j; s is n x .

P = [p,] is the matrix of ecological commodity by economic commodity inputs; p,, is the
amount of ecological commodity k used in the production of economic commodity
i,Pisexm.

T = [t,;]) is the matrix of ecological commodity by industry inputs; t,; is the amount of

ecological commodity k used by industry j; Tise x n.



Appendix 1B:

Model Description And Mathematical Notations

1B.1 The Input-output equations

The Input-output transactions can be represented by the following equation:
X;= L3+ (CHAGHE) (IB.1)
j

where X; is the total output from sector i, z; is intermediate demand from sector i to sector
J» Cis household consumption, I is investments, and G is government purchases, as domestic
final demand: and E is exports, as foreign final demand. Again, there may be additional rows
at the bottom of the table to show the primary inputs (labour, capital, etc.) which are termed
value added (to include wages, profit, rent, interest, and taxes) and imports. This may be

represented as:

X;= Lz + (VM) (1B.2)

where X; is total outlays, z; is intermediate demand from sector i to j, L is labour consumed
in household, V; is value added, and M, is imports. If the total gross output is derived by

summing across (row totals) or down (column totals) represented by a single vector, Y, then
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the equations can be summarized as follow:

X=X 3+Y, forij=12,.n  (I1B3)
i=1

Where X; is the total output, z; is the Intermediate demand (sales) from sectoritoj, and Y,
is the Final demand. This interdependence among the sectors of the given economy is
described by a set of linear equations expressing the balances between the total input and the
aggregate output from each good and service produced and used within a specified period of
time. The technical structure of the entire system is represented by a matrix of technical input-

output coefficients of all the sectors.

1B.1.1 Technical coefficients

The technical coefficient which is also referred to as the input coefficient is the ratio
of the flow of input from sector i to sector j, and the total (gross) output of sector j. That is
the output of sector i absorbed by sector j per unit of its total output. This is represented by

the equation:
a;=z;/X; (1B.4)

Where a; is the technical coefficient, z; is the flow of input from i to j, and X; is the total
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(gross) output of j. It follows from normal algebra that equation (1B.4) is the same as:

zi'_:a,u,xj (18.5)

1B.1.2 Structural matrix

Structural matrix is the complete set of technical coefficients of all sectors of a given
economy arranged in the form of a square table (matrix) corresponding to the flow of goods
and services for the same economy. It is normally computed from the input-output table

described in value terms.

1B.2 The simple input-output model

If the assumptions of the input-output are taken into consideration and the
interdependence between sectors as represented in equation (1B.3) and the technical
coefficients as in equation (1B.5) are substituted into it, the input-output account can be
transformed into an analytical model by considering all rows simultaneously. This gives a set
of linear equations corresponding to the number of rows contained in the table. For example,

the first row will look like this:

Xi=a; X, +a,X;+... +a, X, +Y, (1B.6)

Also using the algebraic notation, equation (1B.6) can be represented in the form:
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X=AX+Y (1B.7)

Where Xis an nx | vector of outputs X;, AX is the intermediate demand, A is an n x n matnix
of direct input coefficients, a;., and Y is column vector (n x 1) of the final demand. For

calculation purposes, the matrix notation takes a “hat” to produce a diagonal matrix from a

vector in the form:

X=x00
0 X, 0...
00X,... then the equation can be represented as follows:
A=z (X)! (1B.8)

. . . . 3 A . 3
Where A is the n x n matrix , Z is the an n x n matrix of inputs, and (X)" is the inverse of the

diagonal matrix.
However, if we wish to determine the final demand from that sector of the economy,

it means finding the value of Y by simply bringing all X terms to the right as follows:

X-AX=Y (I1B.9)

This equation can be rewritten in the form :
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(I1-4)X =Y (1B.10)

This is similar to the form AX = B denoted to a set of linear equations. In Input-Output
analysis, the notation (I-A) is used and it is termed the matrix of coefficients and | is the

identity matrix.

1B.2.1 Leontief inverse
However, if we wish to determine the total output of the economy, X has to be made

the subject of the equation which can be expressed thus:

X=(-4"Y (IR 11)

Where (1 -A)" is the Leontief inverse and it similar to the inverse of a number. X is a function

of Y, where Y is exogenous. If the elements of (I-A)" are denoted by ;. then the equation

(1B.11) will become a set of equations in the form, using the first row as example:

Where X, is the output, a;are the entries of the inverse matrix (i =1 and j =1 to n) called

interdependency coefficients and represent the direct and indirect requirements of sector i per

unit of final demand for sector j, and Y; are the units of final demand.
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1B.3 The commodity-by-industry framework
The framework of the commodity-by-industry is similar to the basic accounting
identity from the general input-output model, equation (1B.6). The industry output identity

is:

Xi=vy+va+...+v,, (1B.13)

where X; is the total output of industry i, v; is the values of commodities (j= 1.2,....m)

produced by that industry. While the commodity output identity is:
Q:=u;+u,+...+u,+E, (1B.14)
where Q; is the vector (m x 1) of commodity gross output, u; the amount of commodity i
consumed by industry j, and E; is the vector (m x 1) of commodity deliveries to final demand.
Similarly, (as in the input-output model), the sum of all commodity inputs to a production

process, plus any value-added inputs, is equal to the value of the total output of that industry

as:

Xi=u;+uz+...+ug+W (IB.15)

where X; is the vector (n x 1) of industry total output, u; is the commodity inputs, and W is
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value-added inputs.

1B.3.1 Technical coefTicient
This is similar to that of the general input-output model equation (1B.4). In

commodity-by-industry, the relationship is:

by=uy/X, (1B.16)

where b; is amount of commodity i required to produce a proportional output of industry j,
u; and X; as defined in equation (1B.15).

In matrix terms, this can be rewritten as in equation (1B.8), as follows:

B=U )" (IR.17)

Where B = [b;] is the matrix (m x n) of economic commodity-by-industry direct requirements,
[b; is the amount of economic commodity i required to produce a unit output of industry j);

U=[uj] is the use matrix with the dimension m x n, [u; represents the amount of commodity

i used by industry j]; X is a vector (n x 1) of industry output, Xisa diagonal matrix (n x n)

with elements of X as diagonal, and (f()" is the inverse of the diagonal matrix (n x n).



1B.3.2 Total requirement matrix

The total requirement matrix which is the same as the Leontief Inverse, equation
(1B.11), and the element of the matrix a;, equation (1B.12), define the output of industry
i required both directly and indirectly to deliver a proportional amount of industry j’s output
to final demand. In commodity-by-industry model, several variations of total requirement
matrices can be derived. But if one is interested in total commodity production of a region
(regardless of the industry that produced the commodities), then a commodity-by commodity
or a commodity-by-industry total requirements matrix will be desired. To determine this, we
begin with a commodity balance equation, as in equation (1B.14). In matrix terms it can be

rewritten as:

Q=Ui+E (1B.18)

where Q is column vector (n x 1), U is the use matrix (m x n), i is commodity inputs and E

is a vector (m x 1) of commodity deliveries to final demand. If equation (1B.17) is

postmuitiplied by i it becomes:

[
-
0

U (IB.19)

substituting this expression into equation (1B.18), gives:
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BX. +E (1B.20)

0

. 2 3
and since X is equal to X

Q=BX+E (1B.21)
That is, total commodity output is equal to intermediate commodity production (commodity-
by-industry direct requirements multiplied by total industry output) plus commodity deliveries
to final demand. This equation is analogous to the basic identity in the traditional Leontief
(input-output) model, equation (1B.7):

X=AX+Y

But if one is interested in total output of industries, regardless of what combination of

commodities by those industries, the we need to define the make matrix as:

Xi=vytv,+...+y, (1B.22)

where X; is total industry output, v; are the elements (commodity entries) of the make matrix
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(n x m). The technical coefficients are derived by dividing the elements of the make matrix,

v; by the total output of industry i as follows:

c;i = v/ X; (1B.23)

where c; is the industry output proportion. The matrix formation is given by:

c=v'(X)' (1B.24)

where C = [c;] is the matrix (m x n) of industry direct output proportions [c; is the fraction
of industry j’s output that is distributed as commodity i]; V' is the transpose of industry by

economic commodity outputs, V = [v;] is the make matrix (n x m), v; represents the amount

of commodity j produced by industry i; X, X and (5()" are as defined in equation (1B.17).

Therefore the total production of commodities, regardless of the from which they are

produced is derived as:

Gi=vtvy+... tvy (1R 25)

where Q, is total production of commodities, v; are the elements (industry products) of the

make matrix (m x n). The technical coefficients are derived by dividing the elements of the
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make matrix, v; by the total production of commodity ) as follows:

d;=v;/ 0, (1B.26)

where d;; is the commodity output proportion whose matrix formation is given by:

D=V )’ (1B.27)

where D = [d;] is the matrix (n x m) of commodity output proportion; V is as defined in

equation (1B.24), Q is a vector (m x 1) of commodity output, Q is a diagonal matrix (m x m)

with elements of Q as diagonal, and (6)" is the inverse of the diagonal matrix (m x m). D is

referred to as the is an industry-based-technology assumption which states that “the total

output of a commodity is provided by industries in fixed proportions” (Miller and Blair, 1985,

p165). Multiplying equation (1B.27) through by 6 becomes

v=DgQ (IB.28)

Since total industry output is the sum of all commodities produced by each industry X =V,

substituting equation (1B.28) into (1B.27), the new form is:
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X

Dpy.=DQ (1B.29)

Substituting the expression for this into equation (1B.21), the commodity balance accounting

identity, the following is obtained:

Q=BDQ+E (1B.30)

which by matrix algebra, is the same as:

Q=(I-BD)'E (1B.31)

where Q is a column vector (n x 1) of commodity output (production); the matrix (I - BD)"
is the commodity-by-commodity total requirements matrix (m x m); I is the m x m identity
matrix, B=[b;] is the matrix (m x n) of economic commodity-by-industry direct requirements,
[b; is the amount of economic commodity i required to produce a unit output of industry j];
D={d;] is commodity output proportions (n x m), and E=[E] is a column vector (m x 1) of
commodity deliveries to final demand. Combining equations (1B.26) and (1B.31) we can

establish the industry balance accounting identity as:

X=[D(-BD)"'|E (1B.32)
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where X is a column vector (n x 1) of industry output, the matrix [D(I - BD)™] is the industry-
by-commodity total requirements matrix (n x m); I, B, D, and E are as described in equation
(1B.31).

Alternatively, we can redefine the final demand of commodities, E, to that of
industries irrespective of the commodities from the commodity output proportions matrix, D,

to derive the following technical coefficient:

Y,=d,E (1B.33)

which has its matrix formation as:

Y=DE (1B.34)

where the element D=[d,] is the proportion of total production of commodity j produced by
industry i; other elements are as defined earlier. Therefore, we can derive the industry balance
accounting identity by solving equation ( 1B.32) and substituting the commodity final demands

with the industry final demands, equation (1B.34) as follows:

X=D(-DB)"E
X=(I-DB) "' DE

X=[(I-DB)']Y (1B.35)



where X is column vector (n x 1) of industry output; the matrix [(I - DB) "'] is the industry-
by-industry total requirements matrix (n x n); I, B, and D are defined in equation (1B.31); Y

is column vector (n x 1) of industry final demand.

1B.4 The ecological commodity input-output coeflicients
The ecological commodity input-output coefficients can be defined in the same way
the technical coefficients in the Leontief model, equation (1B .8) and the commodity-by-

industry form equation (1B.17) as:

R=M )" (1B.36)

where R = [r,] specify the amount of commodity k required for a proportional output of

industry j. And the ecological commodity output coefficients as:

Q=N'X)" (1B.37)

where Q = [qy;] specifies the amount of commodity k generated proportional to the output

of industry j, and N' is the transpose of the matrix of ecological commodity output flows.
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1B.4.1 Technical Coeflicient
Following the same considerations as in the general input-output model equation
(1B.4), and the commodity-by-industry model, equation (1B.16); when the accounting system

is expanded to include the ecological commodities, the technical coefficient relationship is:

fu=su/X, aB3

where f,; is the amount of ecological commodity k discharged proportional to the output of
industry j, s,; is the amount of ecological commodity k discharged by industry j, and X is
output of industry j. Thus, the matrix of ecological commodity output coefficients will be as

follows:

F=S8"(X)" (1B.39)

where F = [fj; ] is the matrix of ecological commodity output coefficients, S' is the transpose

of S which is the matrix of industry by ecological commodity outputs, and (i)‘l as earlier

defined in equation (1B.17) is the inverse of the diagonal matrix. F is e x n. The letter e
represent the number of ecological commodities.

Similarly, the technical coefficient relationship for inputs is:

8=t/ X, (1B.40)
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where t,; is the amount of ecological commodity k used in the production of a proportional
output of industry j, t,; is the amount of ecological commodity k used by industry j, and X;
is output of industry j. And the matrix of ecological commodity input coefficients will be as

follows:

G=T(X)" (1B.41)

where G = [g,; ] is the matrix of ecological commodity input coefficients, T is the matrix of
ecological commodity by industry inputs, and (X)" is the inverse of the diagonal matrix. G
isexn

The ecological commodity input total requirements can also be derived using the

inverse matrix (following the industry-by-industry total impacts) as follows:

G*=[G(I-DB)'] Y (1B.42)

where G* is the vector (e x 1) of total (direct and indirect) requirement matrix of economic
commodity inputs for the production of economic output; G is the matrix (e x n) of ecological
commodity input coefficients; (I-DB)" is the industry-by-industry total requirements matrix,
its elements are defined in equation (1B.31); and Y is industry final demand. Similarly, the

ecological commodity outputs as:
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F*=[F(I-DB)"| Y (1B.43)

where F* is also a vector (e x 1) the of total (direct and indirect) requirement matrix of
economic commodity outputs produced due to economic output; and F is the matrix (e x n)
of ecological commodity output coefficients. The notations (I1-DB)’!, its elements, and Y are
as defined above.

Most of the notations used in this appendix follow the descriptions provided by Miller
and Blair (1985). However, variations that may be observed are intensional to conform with

model formation and conditions for its application.





