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ABSTRACT

A computer program model for pricing irrigation water among beneficiaries, was

developed by the use of Turbo Pascal language. The data that was used to test the

model was collected from Lower Moshi Farmer-Managed Irrigation System (FMIS)

in Northern part of Tanzania as a Case Study area.

The aim was to evaluate the costs involved in the process of allocating irrigation

water with the objective of developing a computer program model appropriate for

pricing irrigation water in FMIS in Tanzania.

Allam’s (1987) mathematical model for allocating irrigation water price which was

developed in Egypt, was adopted and adapted for the purpose. The results show that

the irrigation water prices obtained differ between different blocks within the same

system, and also there is significant difference of irrigation water prices between two

systems that exist in Lower Moshi Irrigation System (LMIS) i.e Rau and Mabogini.

By manual calculations, Mabogini irrigation system’s water price ranges from 8,276

Tshs/ha to 14,972 Tshs/ha; while for Rau system it ranges from 3,896 Tshs/ha to

13,857 Tshs/ha; with their mean values of 11,940 Tshs/ha and 10,538 Tshs/ha

respectively.
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The computer program model produced irrigation water prices ranging from 8,479

Tshs/ha to 15,200 Tshs/ha for Mabogini system; while for Rau system they range

from 3,913 Tshs/ha to 13,858 Tshs/ha, with their mean values of 12,151 Tshs/ha

and 10,414 Tshs/ha respectively. The mean value was adopted as the system

irrigation water price in each system.

The farmers’ capacity to pay Irrigation Service Fee (ISF) was also assessed and

found to be 154,309 Tshs and 194,309 Tshs for tenant and landowner farmers

respectively.

The irrigation water pricing computer program model was tested for one cropping

season. Therefore, more work is required to test it for the two cropping seasons, and

in other FMIS so as to develop universal model. This will make it more universally

applicable in Tanzania.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

Irrigation water is one of the most important input for agricultural productivity in

irrigated agriculture. Reliable sources of irrigation water especially in arid and semi

arid areas reduce risks and stabilize production levels of individual farms. Irrigation

helps to alleviate rural poverty, hunger and malnutrition. On the other hand,

irrigation systems need significant amount of resources for operation, maintenance

and management for them to be sustainable (Rhodes and Sampath, 1987; Satpathy,

1984; Bryant, 1995). Small (1990) and Tiffen (1990) also reached the same

conclusion.

Constraints in finance in the public sector severely affect irrigation activities of

small-holder farmers as all other public services (Mascarenhas et al. 1985).

Discussions on institutional constraints generally come down to the recognition of

the need to delegate scheme management to water users’ associations as much as

possible (Speelman,1990; and Mascarenhas et al. 1985).

Carruthers (1986) and Gerards (1992) reported that many Governments are turning

to the old intractable area of water users’ fees and water tariffs.
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"Get the prices right" which means get the input prices as well as product prices

right is the current slogan in agricultural policy. There is not much enthusiasm in

irrigation projects for economic pricing policies, partly because economists and

financial analysts can not agree on precisely what this means. Another problem is

that any revenue raised from irrigation projects are generally retained by the farmers,

without some of it being collected as water cost recovery of the project for

operation, maintenance and management (Carruthers, 1986; Mcloughlin, 1988).

Due to these drawbacks, performance of most of the irrigation systems in Tanzania

is low due to, among other factors, lack of funds for operation, maintenance and

management (Carruthers 1985; Gerards 1992). Most of the Government intervened

irrigation schemes in Tanzania such as Lower Moshi, Mwamapuli, Majengo and

Kitivo just to mention a few, have been handed over to water users.

But the hand over was done without proper and clear guidelines from the executing

agency, on how the projects would generate funds for running them (Biomass, 1990).

Gerards (1992), pointed out that the inability to properly maintain irrigation systems

overtime forced the Government of Indonesia to seek cost recovery from water users

through introduction of an irrigation service fee. The same was recommended by

UNDP/FAO (1993) in Tanzania. Hence, financial constrains coupled with poor

performance of Government assisted FMIS in Tanzania, calls for the water users to

take the irrigation responsibilities and introduce irrigation service fee as an effective

way of attaining successful irrigation farming in the country.
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Bhatli and Kijne (1990) have proposed that water trading should be legalised and

they observed that farmers who trade water were on average more productive than

those who did not.

In Tanzania, the Government in collaboration with international donor agencies

commit significant amount of funds for construction of irrigation systems

(PPMB.1993), but no funds are allocated for their operation, maintenance and

management. Often maintenance efforts continue to be postponed, until a major crisis

that can no longer be postponed appears (Biswas, 1990). However, neither the

Government nor water users’ organisations have formulated guidelines on how the

irrigation systems are to be operated and maintained. Moreover, water users

associations are either too young and still evolving or absent.

Government subsidies to irrigation projects/schemes are unlikely since one of the

Government measures to reduce Government deficit is to remove subsidies on

agricultural inputs. Thus, water charges is the major reliable source of revenue and

sustainability for the scheme. Previous studies on smallholder irrigation in Tanzania

such as Lower 'Moshi, Bahi. Majengo and Mwamapuli had not paid attention to

pricing of irrigation water. Due to lack of a proper system of pricing irrigation

water, water charges, in different schemes are implemented on ad-hoc basis, mainly

when irrigation water control structure fails. The present study attempts to establish

a system of pricing irrigation water in FMIS in Tanzania.
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Objectives of the study1.2

The Study is concern with developing a computer program model appropriate for

pricing irrigation water in FMIS in Tanzania and validate the program model using

data from Lower Moshi Irrigation Scheme. The specific objectives of this study

were:

To identify and evaluate the required infrastructure (water control(i)

structures) to be used in pricing irrigation water in Lower Moshi

Irrigation Scheme;

To adopt and adapt Allam’s mathematical model for allocating(ii)

irrigation water price among water users in the scheme;

To assess farmers’ ability to pay for irrigation services in relation to(iii)

the pricing criteria generated from the model; and

To develop a computer program model for allocating irrigation water(iv)

price among the beneficiaries in the scheme.

Working definitions1.3

Irrigation is the application of water to farmland in order to increase crop yield or

shift to production of a higher valued crop (Bryant, 1995; Eckstein, 1958).
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context used to represent "irrigators", " water users", or "water users associations".

Organisation of the dissertation1.4

The dissertation consists of five chapters. Chapter two reviews some past studies on

small holders irrigation schemes in Tanzania as well as studies on pricing of

irrigation water in different countries and methods used for allocating irrigation

water costs among the different cost elements. Chapter Three describes the materials,

methodology employed during data collection, adopted and adapted models; while

Chapter Four presents and discusses results of the study. Chapter Five summarizes

the major findings, conclusions and recommendations of the study.

(ISF)", " Water price", or " user charges". In this Study they were used

Water charges: in literature, is sometimes specified as "irrigation service fees

synonymously. "Farmers", "Beneficiaries" or "Groups of farmers" arc in this
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CHAPTER TWO

2.0 LITERATURE REVIEW

This chapter reviews, previous studies on small holders irrigation schemes in

Tanzania and aspects of water pricing as discussed in the subsequent sections.

Previous studies on irrigation schemes in Tanzania2.1

Many studies on small holder FMIS have been carried out in Tanzania. However,

most of these studies dealt with evaluation of performance of irrigation systems,

socio-economic analysis of irrigation projects and water management aspects

particularly in equity, operation, maintenance, formulation and organisation of

WUA(s) and their related problems (Angeir, 1992; Maregesi,1993; Tarimo, 1994;

Riddel, 1989; FAO, 1987).

Orota (1993) carried out a socio-economic and financial analysis of LMIS. In this

study, he found that LMIS is economically feasible. Balirwa (1990) studied the

economic aspects of large scale irrigation schemes in Tanzania; and explained that

they are not economically viable and not sustainable. Although, Orota (1993)

explained an economic and financial analysis of FMIS in Tanzania, he did not say

anything about WUA and irrigation water pricing.
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The importance of involvement of farmers at various stages of irrigation scheme

development has been a concern of many irrigation researchers, planners and

managers. Failure of proper organisation and poor turnover preparation of WUA has

been found to be one of the problem facing FMIS in Tanzania, hence, poor operation

and maintenance of the FMIS (Angier, 1992; FAO, 1987; Adams and Anderson,

1987). Tarimo (1994) studied the influence of technology and management of FMIS

in Tanzania and noted the problem of farmers in operating and maintaining irrigation

systems. He concluded that the problem is due to failure to involve the intended

beneficiaries on the planning, designing and construction of the project from the

beginning. This situation has generally led to deterioration of irrigation structures

such that farmers fail to repair them (Angeir, 1992; Riddel, 1989; Mkude,1989).

Another major problem facing most of FMIS in Tanzania is on water management

related aspects. According to Maregesi (1993) inequity of water distribution, weak

WUA and poor water management at field level contributed much to the decline in

crop production in LMIS. He recommended the introduction of ISF as an important

factor in order to improve and have good water management at farm level. In his

study he suggested formulation of strong organisation of WUA that will be

responsible to collect water charges based on amount of water received in the

farmer’s field rather than being based on farmer’s irrigated area. Despite his

recommendations, Maregesi (1993) did not consider the problem of lack of

measuring instruments in most FMIS in Tanzania.



8

Due to this problem the suggested method of charging farmers is practically

impossible under the actual situation in most FMIS.

CFTC (1978) in their feasibility report of Usangu plains, suggested the need to

introduce ISF as the way of making farmers to co-operate and assist in scheme

operation and maintenance. However, the report did not explain how the ISF will be

estimated and collected.

FAO (1986;1987) studies in Mombo and Majengo irrigation schemes reported that

the main reasons for poor operation and maintenance of small holder irrigation

schemes in Tanzania are inadequate resources which have been spread too thinly;

inadequate financial resources which meant that construction has been done badly

and not completed; and very little effective support has been given to farmers to

either complete or operate the schemes. Inspite of identifying the main reasons for

poor operation and maintenance in FMIS; none of studies has attempted to establish

a method of estimating and collecting ISF, and how fanners may contribute to

operation and maintenance of FMIS. However, a number of studies on different

allocation and collection methods of ISF in FMIS have been conducted else where

in the world as reviewed in the following sections.
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2.2 Studies on irrigation water pricing aspects

Several studies on the water pricing aspects of public irrigation systems have been

undertaken in different countries such as Egypt, Indonesia, New Zealand and India

just to mention a few.

Bhatia (1991), pointed out that Indian Government collected fees from water users

on average less than 10% of the full costs of irrigation services. He went on saying

that, Government subsidies ranged from 75% to 99%. This reflects less response

to water users, simply because of large Government share to the project. Among the

widespread problems encouraged by subsidies are chronic excess demand for water,

poor operation and maintenance of completed systems, and in attention to water

conservation opportunities (Bhatia, 1991; Vaidyanathan,1991).

As efforts to make irrigation more effective and to find new financial resources for

irrigation activities proceeded, inevitable policy conflicts have arisen (Vincent,

1990; Eckstein,1958). ISF involves changes of many things such as attitude,

procedures, roles, rights and responsibilities of the farmers. And change is often

associated with conflicts (Angeles et al, 1989; Gerards, 1992). New " rules of the

game" in associations for irrigation service fee are to be developed, accepted and

instituted. The association should clearly know who will do what, when, where, and

how often (Gerards, 1992; Green, 1987).
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community (with its often ingrained set of values and traditions) should be kept in

mind.

Gerards (1992), working in Indonesia found that farmers in Indonesia who have

received water free of charge, and who have seen 3 to 5 rehabilitations of the

irrigation systems in a 20 years period, will most likely ask; "why suddenly pay for

operation and maintenance?". They may perceive this payment not as a payment for

services provided to them, but one for water. And water comes from heaven hence

should be available to them as free commodity. This is probably the belief of most

water users in Tanzania.

The success in charging farmers will depend on how they recognise the effect of the

payments. This was demonstrated by World bank survey (Bos and Walters, 1990)

that farmers were frequently reluctant to pay charges when they could not depend

on the ’irrigation service’. Moreover, bad operation and maintenance has been a

reason for them not to pay realistic charges (Svendsen, 1986).

Gopinath and Kalro (1991) observed that sustainability of a project is determined by

the attractiveness to the farmers, of the balance of positive and negative effects. Only

if farmers can expect a significant betterment due to the project, will they be willing

to participate in its operation and maintenance.

The socio-political aspects of something so penetrating into the water users
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Hence, they concluded that farmers can only sustain a project if the costs can be met

by the general annual cash supply, leaving them with income increase that provides

enough of an incentive for them to participate fully in the project activities. Nor can

farmers recognize the effect of their payments when the charging is indirect, e.g

through land-tax or through compulsory sale of produce to the Government at a low

price than on the free market (Bos and Wolters, 1990).

Six different alternative methods of allocating and pricing irrigation water used in

developing countries were compared and ranked on the bases of allocative efficiency

in production, equity in the distribution of income, and cost recovery to the

provisioning authority (Rhodes and Sampath, 1987). The rankings depend crucially

on the relative capital intensities between small and large scale producers.

Rhodes and Sampath (1987) pointed out that the basic objectives of the existing

regulatory and pricing systems in developing countries fall into three categories;

namely: efficiency, equity and cost recovery objectives.

The efficiency objective, is concerned with the allocation of available(i)

irrigation water among competing users or regions such that it

maximizes the total economic returns (however they are measured).

The equity objective, is concerned with the improvement of the(ii)

distribution of income in favour of poorer and smaller farmers; and
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(iii) The cost recovery objective, is to recover the costs of investment,

maintenance and operation of irrigation systems.

In order to achieve the combinations of the three objectives mentioned above,

Rhodes and Sampath (1987) classified the system that can be used to allocate

irrigation water into none pricing and pricing systems.

2.2.1 Non pricing system

The non pricing system was further sub classified by Rhodes and Sampath (1987)

into optimal water distribution and proportional water distribution systems. The

former system is an ideal system whereby farmers are allocated water without

pricing such that the marginal productivity of water across farms is equalized, thus

bringing the highest possible production with the given amount of water. This system

is impractical due to its regulatory complication, administrative frame work and vast

information needed to successfully carry it out (Rhodes and Sampath, 1987;

Svendsen, 1986): In the latter system, water is distributed proportionally among

farmers depending on the share of the total irrigated land served by the irrigation

system. This system is used widely, either singly or in combination with some form

of water pricing. The popular Warabandi system practised in South Asia is a variant

of this system (Rhodes and Sampath, 1987; Hussain and Young, 1985).
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2.2.2 Pricing system

The pricing system currently used by developing countries was further grouped by

Rhodes and Sampath (1987) into two major categories; direct and indirect charges

for using irrigation water. Direct charges comprises of two sub-categories;

volumetric and acreage pricing systems (Rhodes and Sampath, 1987).

In the volumetric pricing system; the farmer pays for each unit of water used. The

system has got practical difficulties, such as high setting up costs (Bowen and

Young, 1983; Easter and Welsch, 1983). Small et al. (1986) concluded that it is

probably not feasible to collect irrigation service fees based on the volume of water

used because of two factors: the inability of most agencies to measure water

consumption accurately at the turnout and the administrative costs of collecting fees

from the large number of individual farmers usually found in the irrigation systems

of developing countries. There does, however, appear to be scope for charging

organized groups of farmers served from a common canal. Svendsen (1986) reported

a similar conclusion.

In the acreage pricing system; the farmer is required to pay a fixed amount of money

on a per acre basis for the irrigated area. This system is easier to administer but has

the practical difficulty in terms of difference among entitled water share and received

water share in the irrigated land.
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These might be caused by physical, logistical and political problems (Small et al.

1986).

Indirect charges also comprise two sub-categories (Rhodes and Sampath,1987;

Small, 1990 and Tiffen,1990); tax on outputs produced and tax on inputs purchased.

In the former system each farmer pays a fixed charge per unit of output produced

as payment for the irrigation water he received. The farmers’ share of water equals

his- share of irrigated land in the command area. This system is also easy to

administer and less complicated (Small, 1990; Douglous and Lee, 1971). Hence, it

can be applied even in Tanzania, especially for smallholder development projects

which are now emerging rapidly in different parts of the country. In the latter system

a farmer pays for the irrigation water he receives indirectly through the higher prices

lie pays for the inputs purchased from the Government. As with output taxation, the

farmer’s share in water equals his share in irrigated land in the command areas.

This system is also easy to administer (Rhodes and Sampath,1987); but it is not ideal

in Tanzania where most of the farmers do not purchase any input from Government

or private business sectors. Moreover, the country has got no proper way of

collecting taxes and use it for operation and maintenance of the irrigation project

under consideration.
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2.2.3 Costs allocation for irrigation water

The procedure for dividing total financial cost among the responsible parties is called

cost allocation (Allam, 1987; Douglas and Lee, 1971).

Cost allocation requires assignment of total cost among scheme purposes and division

of purpose cost among user groups. Each group assigned a cost is called cost centre.

Allocation problems have no correct answer (Douglas and Lee, 1971). Any

procedure which directly affects the pocket book is always controversial and the

fundamentally indeterminate nature of cost allocation intensifies the controversy

(Douglas and Lee, 1971). Each party tends to favour the allocation shifting the

largest share of the joint costs to others.

The essence of cost allocation is the successful resolution of the conflicting interests

among these parties (Douglas and Lee, 1971; Young, 1986). They also suggested

that even though there is no correct method of cost allocation, the allocation method

chosen should avoid costly data and complex computations that have no other use.

Complex allocation methods are no more correct than simple ones. Allam (1987)

suggested that the methods most commonly used in practice for allocating costs of

irrigation water among its users (or uses) are: Facilities and Separable Costs-

Remaining Benefits (SCRB) methods.
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SCRB method

SCRB method assigns for each use its separable cost and the remaining cost of the

project (joint cost) is allocated among the different uses proportionally to the benefits

in excess of assigned separable cost. This method is more complicated than the use

of facilities method because of the difficulties associated with the estimation of the

separable costs of the various services (Allam,l987; Douglas and Lee, 1971).

Facilities method

In the Facilities method costs are allocated on the basis of the degree to which each

user requires the service of the irrigation system. Allam (1987), also found that the

practicability but also because of its simplicity, theoretical soundness and economic

attractiveness.

Since the SCRB cost allocation method is complicated in that it requires more

information and its evaluation is cumbersome, it will not be an ideal method in

Tanzania where flow data collection is a problem due to lack of flow measuring

devices and poor ways of data keeping in different Government and local sectors.

Therefore, the Facilities method will be used in the development of computer

program model for allocation of irrigation water cost among different cost centres.

use of Facilities method is superior to the SCRB method, not only by its
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2.2.4 Service level in irrigation systems

In Tanzania infrastructures in FMIS arc lacking. The level of services that can be

expected is below the potential service level of a fully technical irrigation system

with all facilities in a good working condition. There are then two options (Gerards,

1992):

Postpone the introduction of irrigation service fee until the time that the(a)

system has been fully rehabilitated; or

Classify the system according to its present condition and associated potential(b)

service level, and relate the irrigation service fee level to the system

classification.

The latter approach had been adopted in this study as it has the advantage that a start

can be made with the introduction of irrigation service fee now, irrespective of a

certain degree of the actual condition of the available infrastructure and modify them

with time. It is important to determine the concept of service levels, how to establish

service levels and how to use service levels in different FMIS in Tanzania.

Finally recognizing the users input is important, as it is also the basis for asking the

fee. When users are involved in operation, maintenance and irrigation service fees,

the willingness to pay is increased (Gustfson and Reidinger, 1971). This has been

supported by Gerards (1992) that water users should pay according to the realised

planned services.
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He emphasised that, just to ask to pay for the results would not do justice to the

equity principle. He went on to say, a fanner harvesting only 20% instead of 40%

from his 0.3 hectare plot in the second dry season, will certainly know the

difference. Therefore, payment for service will be based on realising the planned

40%.If the realisation drops to 20%, the farmer should not pay, through the use of

a fee reduction mechanism.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

Description of the study area3.1

The Lower Moshi area lies on the Eastern skirt of Kilimanjaro mountains between

700m and 800m above sea level (Orota,1993). LMIS is located at the far Western

part of the Lower Moshi area and is about 3 to 15 kilometres South-East of Moshi

town, the capital of Kilimanjaro region (Figure 3.1). The latitude of Lower Moshi

is 3°S and longitude 37.5°E. The scheme area consists of a relatively narrow strip

of land developed on an alluvial plain along the right bank of the Rau river. The area

covers four villages, namely Mabogini, Rau ya kati, Chekereni, and Oria; and

bounded by the Rau river on the East, the sugar plantation of the Tanganyika

Planting Company (TPC) on the West and North, and by a plantation farm owned

by the National Agriculture and Food Corporation (NAFCO) on the South.

The irrigation water distribution system in LMIS consists of two intake weirs (Rau

and Mabogini), diversion structures, regulators and canals of various orders.

Two rivers, namely Rau and Njoro are the sources of the irrigation water supply in

LMIS. Mabogini system receives irrigation water from Mabogini intake located in

subdivided into upper and lower Mabogini.

Njoro river. It commands a net irrigable area of 955 ha. Mabogini system is
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Out of 955 ha, 473 ha arc used for paddy production, 412 ha for maize and other

upland crops and 70 ha for sugar cane (pilot farm) production.

commands a net irrigable area of 1345 ha. Out of these, 634 ha are for paddy

production, 631 ha for mainly maize, and 80 ha for sugar cane (pilot farm)

production. Due to water scarcity, paddy is the only crop grown under irrigation in

both systems.

3.1.1 Climatic and Topographic conditions

The climate of the scheme area is characterised by three seasons: a long rain season

from March to May, a dry season from June to October and a short rain season from

November to February. Annual rainfall averages 590mm of which about 370mm

(63%) falls in the long rainy season, 60mm (10%) in the dry season, and 160mm

(27%) in the short rainy season (Orota, 1993).

Mean temperature is fairly constant throughout the year being 25°c to slightly above

30°c. The mean daily maximum temperature rises above 30°c in October to April,

while the mean daily minimum temperature falls close to 15°c in July and August.

Evaporation varies widely from 3mm/day in May to 9mm/day in January, the annual

value being more than 2000mm (URT/JICA, 1980). In general LMIS has a gently

undulating topography lying between: 500m to 1000m above sea level.

Rau system receives irrigation water from Rau intake located in Rau river. It
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3.2 Materials

either installed during construction or during the research period. Flow measuring

devices were installed during construction of the project in different irrigation canals.

Parshall flumes were installed at Mabogini and Rau intakes, and other two at the

bifurcation of Oria and Chekereni villages. Staff gauges were also installed at each

turnout in main, secondary, and tertiary canals. In some parts where the staff gauges

were missing or destroyed were replaced during research period. These were used

to measure the daily depth of inflow and outflow water to and from the canals.

Adopted and Adapted mathematical models3.3

The Facilities method was adopted in this Study to modify the model used by Allam

(1987) in Nile Valley, Egypt to develop a computer program model that suits

Tanzania’s conditions, and data collected from LMIS was used to validate it.

3.3.1 Allam’s mathematical model

Allam (1987) considered a multipurpose reservoir with a storage capacity S units of

water; divided among three major uses: SD dead storage required for sediment

collection, SF for control, and SA as an active storage required for meeting water

targets of irrigation, navigation, and power generation.

Materials, equipments and hydraulic structures used during the field work were
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Power requires Rp units of water, irrigation requires R, of water in excess of power

Facilities method, the cost for flood control CF can be computed as:

(1)

can be computed as:

(2)

Allocation of the active storage cost among power, irrigation, and navigation can be

performed by two different procedures. The first procedure is as follows:

j = P,I,N (3)

Where Cj is the allocated cost for purpose j.

In this procedure no considerations given to the secondary use of water, namely; the

secondary use of the power water in irrigation and navigation and of the irrigation

water in navigation.

CA

= CK

SF

Similarly, the cost of the other purposes which equals cost of the active storage CA

Pf

= cA

= cK

ci

SA
+ sA

SF
SF + SA

RJ

requirements, navigation requires RN units in excess of power and irrigation

requirements and the capital cost of the reservoir is CK. According to the use of
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For the second procedure, considered as the percentage utilization of the water

of purpose i for purpose j, the total water requirements for power generation,

irrigation and navigation can be computed as:

Wj = E ttijR-, j = P.I.and N; i = P,I,N (4)

Where Wj is the total water requirements of purpose j, and j = 1 for i = j (txp p =

«!.! = “n.n = 1).

Having determined WP, W,, and WN,then allocation of CA can be obtained from

equation (5) as:

j = P,I,N (5)

The main drawback of the second cost allocation procedure is that it gives the

secondary use of water the same degree of effectiveness as that of primary use.

Allam (1987) used the above procedure to allocate the joint portion of the reservoir

operation and maintenance cost among power, irrigation and navigation.

Allocation of the irrigation Structures cost

According to the use of Facilities method, the share of an irrigated area of the cost

of serving irrigation structures and of irrigation cost at multipurpose reservoirs can

be computed as:

Cj = CA
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(6)j = 1... N

Where:

Share of the area j of the present cost of the irrigation

structures and irrigation purpose at the multipurpose

reservoirs ;

Number of irrigated areas, j = 1—, N;N

Number of irrigation structures and multipurpose reservoirs

which serve area j, m = ;

Annual volume of irrigation water delivered by structure m toQj.m

area j, including the water conveyance losses through the canal

which delivers the water from the structure

area(m3/year);

Annual irrigation water delivery of structure, m, (irrVyear)

and;

Present cost of irrigation structure m, or of the irrigation

at multipurpose reservoir m .

Allocation of the Pump Stations Cost

In a similar procedure, cost of the pump stations can be allocated among the

irrigated areas as shown in Equation (7):

Qm

ICm

Mj

ICj

icj
“i o= E 

m ■= 1 >=7n

to the
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j = 1, • • ■ ,N (7)

Where:

Share of area j of the present cost of the irrigation pump

stations ;

Number of irrigation pump stations, which serve area j, k =Kj

,Kj;1, 

Annual volume of irrigation water delivered by pump stationQj.k

k to area j including the water conveyance losses through the

canal which deliver the water from the pump station to the

area (m3/year);

Annual irrigation water delivery of pump station k (m3/year);

and

Present cost of pump station k.

Allocation of the Annual Operation and Maintenance Costs

The operation and maintenance cost of the irrigation structures, irrigation purpose

at multipurpose reservoirs, pump stations, and the maintenance cost of the irrigation

canals can be distributed among the irrigated areas as follows:

Qk

pck

pq

* o
PCj = 

k=l ̂ k
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(8))

Where:

OMCj = Share of area j of annual operation and maintenance cost of

the irrigation network;

= Annual operation and maintenance cost of irrigation structure

m, or of the irrigation at multipurpose structure m,;

= Annual operation and maintenance cost of pump station k

(Egyptian pounds/year);

Annual maintenance cost of the Z* reach of the irrigation

canal which transmits the irrigation water from the water

source to area j (Egyptian pounds/year);

Number of reaches of irrigation canal, ( z = 1, -—,Zj);Zj

Annual irrigation water delivery of the Z'h reach of the

irrigation canal (m3/year); and

Annual volume of irrigation water delivered to the area j byQm

the Zlh reach of the irrigation canal including the

conveyance losses (m’/year).

Annual Irrigation Water Cost

The sum of the two cost terms ICj and PCj gives the share of an irrigated area j (j -

1.....N) of the present value of irrigation capital (replacement) cost.

Z=1

Qz

Qz
Qj.k + 
Qk

OMPCk

MCZ

OMICm

OMCj
M O K}

= + Y,OMPCk
m=l Jc»l
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ACj = ICJ ♦ (9)

Where:

Annual irrigation replacement cost at area j (j =

Rate of discount;r

Lifetime horizon of the irrigation structure (years); andTI

Lifetime horizon of the irrigation pump station (years).TP

On the other hand, sum of the annual operation, maintenance and replacement costs

at an area, gives the total annual irrigation water cost (TACj) at this area as:

(10)

3.3.2 Assumptions

An allocation mathematical model for irrigation water price considered the following

assumptions:

The lifetime of the irrigation water control structures are finite, and original(a)

costs are repeatable for shorter lived structures;

The discount rate remains constant over the lifetime of the irrigation system;(b)

The operation and maintenance cost remains constant over the lifetime of(c)

irrigation system;

r(l + r)rj 
(1 + r)TX - i

r(l + r) Tp 
(1 + r)TP - i

Annual value of the cost can be determined as:

ACj

PC,

TACj = ACj + OMCj j = 1,....N.
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The irrigation structures have zero salvage value; that is the present value of(d)

their capital costs equal the present value of the replacement cost;

There is no replacement (re-excavation) for the irrigation canals;(e)

Water abstracted at Rau and Mabogini intakes are used for irrigation only;(f)

that is other uses such as domestic and industrial uses are neglected, because

water used for these purposes are negligible in comparison to water used for

irrigation;

Since the problem of water shortage in LMIS is going to be solved in near(g)

future. That is studies are under way to abstract water from Kikuletwa river

to the scheme. While, the program is going to be the permanent one. Then

the program assumes that both intakes receives water as per water right

regulations, but the amount is sufficient for paddy production only. Otherwise

the annual water fee will depend on the amount abstracted per day at each

intake weir.

Modified mathematical model3.3.3

The modification involved the removal of parameters such as pumps and reservoirs

which are not common in Tanzania because most of FMIS are on-the-river-type of

intakes. Parameters which fits Tanzanian conditions were introduced; such as water

rights and flow from on-the-river-type of intake.
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The water right parameter is important because under irrigation management

transfer, water rights become part of the scheme assets (Fairly, 1994). The new

model assumes that water flows under gravity to irrigation systems. These

parameters were not considered in Allam’s model before.

The total irrigation water price (TACj) is the sum of costs for water right, irrigation

structures and O&M (Allam, 1987). The model has got the following cost

elements:

Allocation of the water right cost

Total Water Right Cost (TWRC) is equal to the sum of water right Application Fee

Cost (AFC) and water right cost paid by water users per 1,000 m3 of irrigation water

paid annually. This was calculated as follows:

(IDAFC + (a * Q)/1000TWRC

Where:

Total scheme annual water right cost;TWRC

Application fee cost;AFC

according toTotal water required for irrigation, orQ

water right regulations (seasonally or annually).

Rate paid annually per 1,000 m3 of water receiveda

from river;
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According to facilities method, the total irrigation water right cost at tertiary block

level is given by:

(Bj * TWRC)/TB (12)

Where:

Block/area j’s share of irrigation water right Cost (Tshs);WRCj =

Area/Block size j, under consideration (ha);

Total area served by the intake (Annually or seasonally).TB

Allocation of the cost of irrigation structures

According to facilities method (AIIam,1987), the share of an irrigated area of the

cost of serving irrigation structures and of irrigation cost can be computed as:

(13)j = 1...N

(14)

j = 1..J (15)
ZRy * L.

Zj.ln

z
m = 1. . .Mj@j,tn

wl{

WLJZ

Bj

* WL,

WRCj =

", o isc^ = £ iscm(-^} 
m = 1
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Where:

Share of the area j of the present cost of the irrigation

structures (Tshs);

N

Number of irrigation structures which serve area j, m = 1,--

Annual volume of irrigation water delivered by structure m,

to area j, including the water conveyance losses through the

canal which delivers the water from the structure to the

area(m3/year);

Annual irrigation water delivery of structure m, (m3/year);

Present cost of irrigation structure m, or of the irrigation

at river m, (Tshs);

Seasonal Water losses in canal Z (m3);WL, =

Seasonal irrigation water requirement of area j (m3);IRj

Length of the canal reach which transmits the water toLj

area j (km); and J is number of areas irrigated with canal Z;

Number of reaches of the irrigation canal from structure

m to area j; and

WJ Share of area j of the water losses of the canal reach Z.

By using Equation (14), the values of Qjiin for the 18 and 25 irrigated tertiary blocks

at the 18 and 25 irrigation structures of the Mabogini and Rau systems were

determined.

Qj.m

Qm

iscm

Mj

ISCj

Zj.m

Number of irrigated areas; j = 1,—, N;
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This equation along with Equation (13) were used to allocate the share of each

irrigated area of irrigation structures as shown in Table 4.7 and Table 4.9 for

Mabogini and Rau system respectively.

Allocation of the operation and maintenance cost

The operation and maintenance cost of the irrigation structures, and the maintenance

cost of the irrigation canals can be distributed among the irrigated areas as follows

(Allam, 1987):

(16)+

Where:

Share of area j of annual/seasonal O&M cost of the irrigation

network (Tshs);

= Annual/seasonal operation and maintenance cost of irrigation

structure m, or of the irrigation at multipurpose structure m,

(Tshs);

Annual/seasonal maintenance cost of the Z* reach of the

irrigation canal which transmits the irrigation water from the

water source to area j (Tshs);

Number of reaches of irrigation canal ( z = 1, -— Zj);

MCZ

OMICm

Zj

» Q
OMCj = Z

Zi o

z-i Vj

OMCj =
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Annual/seasonal irrigation water delivery of the Zlh reach of

the irrigation canal (m’/year); and

Qj.z Annual/seasonal volume of irrigation water delivered to the

area j by the Zlh reach of the irrigation canal including the

conveyance losses (m3/year).

The O&M costs were not found for each individual irrigation structures, however

according to Allam (1985); most studies revealed that maintenance cost of irrigation

structures including maintenance cost of the irrigation canals was found to be equal

to 2.9% of present capital cost of irrigation structures. On the other hand no

maintenance cost is assigned to the irrigation canals since it was already included in

the cost of irrigation structures. Therefore, Equation (16) above reduced to:

(17)

Annual irrigation water cost

The cost term ISCj give the share of an irrigated area j (j-l,...,N) of the present

value of irrigation capital (replacement) cost. An annual value of cost can be

determined as follows (Douglas and Lee, 1971):

Qz

Q.
OMC, = £ OMZC„(^=) 

m=l
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(18)j = 1...N

T
(19)

Where:

CRF Cost recovery factor;

AC, area j

(Tshs/year);

Discount rate;r

Lifetime horizon of the irrigation structure (years).T

The cost recovery factor indicates the amount of money one can withdraw in equal

amounts at the end of each of T years if one shilling is initially deposited at rate of

r percent interest.

In general, the sum of the annual/seasonal operation and maintenance, water right

and replacement costs at an area gives the total annual/seasonal irrigation water cost

(TACj) at cost centre j as follows:

(20)TACj = AC. + OMC. + WRCj

AC. = CRF * ISCj

Annual/seasonal irrigation replacement cost at

CRF = —r^ +
(1 + r)T - 1
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Price of irrigation water

The irrigation water price per hectare (Unit irrigation water price) was given by

dividing the total annual/seasonai share of irrigation water cost (TACj) to total block

area served by the responsible system.

(21)PIWj =

Where;

Seasonal/annual price of irrigation water per hectare in block

j (Tshs/ha);and

Total served area in block j.

Development of computer program model3.4

The computer program model was developed by using Turbo Pascal language

(Duntermann,1990; Delannoy,1989; Palmer, 1991). The program is based on the

modified mathematical model as explained in the previous section.

TACj
~ASj

ASj

PIWj
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The program model takes into account all assumptions given in section 3.3.2. The

subroutine and main body of the program are presented in Appendix 5. It requires

the input data collected from the site, such as tertiary block name, area size (ha),

daily mean water supplied (1/s), area serving structures, structures lifetime horizon,

structures installation year, seasonal or annual water delivery by each structure,

structures installation cost, canal losses (m3), water right and canal length to each

tertiary block. In order to compile and run the program successfully the user must

be familiar with file components, constant factors and data files used in the program

as described in sections 3.4.2, 3.4.3 and 3.4.4.

3.4.1 Description of computer program flow chart

The flow chart of the computer program model developed is presented in Figure 3.2,

while Table 3.1 describes how the computer program model works.
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Table 3.1: Description of the Computer program flow chart

KEY WORD(S) REMARKS

START Programstart Program is initialised
ENTER RECORDS/ LAST RECORDS

Read_Datal and Read_data2DISPLAY RECORDS

Correction and Correction?

Canal to be evaluatedShare_CostCANAL NAME
Share_CostREAD BLOCKS SERVED

Share_Cost

Share_cost

COMPUTE WATER RIGHT COST

ShareCostCOMPUTE O&H COST

Share_Costs and SummationSUM COSTS

RepetitionLAST CANAL

Repetition and MeanValueSAVE RESULTS

End_ProgramSTOP

READ STRUCTURES SERVING THE BLOCKS

COMPUTE IRRIGATION WATER PRICE

ANY CORRECTION/ HAKE CORRECTION

COMPUTE IRRIGATION STRUCTURE COST

Share cost. Summation and Price_IrrWater

ACTIVE 
SUBROUTINE OR 

PROCEDURE

Share Cost and WaterJRishtCost

Computer ends computations and it tells the user to see results in the output file.

Computer Calculates total tertiary block share.
Unit water price is calculated for each tertiary block.

Computer reads all tertiary blocks served by the canal from the input file.

For correction of your input data if any.

Computer reads all structures serving the tertiary blocks on that canal.

Computer calculates the Water right cost for each tertiary block.

Computer asks the user if he wants to evaluate another canal.

Computer calculates O&H cost for each tertiary block.

Computer starts to process the data and it determines ISC.

All input data are stored in the input file.Create DataFile and Structure_Cost.

Computer computes system mean unity irrigation water price and saves all output 1n output file.

All input data are displayed on the screen.
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3.4.2 File components

The component number in the file means the number of rows in the file as they are

arranged in the file during data entry. The function file size provides the number

of components in the file. The first component has the number zero, and the last

component has the number n -1; where n is the total number of components or rows

in the file. The model allows several components to be altered and not oblige the

user to retype data that does not need to be altered. The user must be sure of the

arrangement of components in the input file, otherwise wrong entry of the

component number leads to wrong irrigation water price. Therefore each component

must be assigned in the correct manner and sequentially at the correct cost centre.

For simplicity structures were divided into three main categories, intake, major

structures and minor structures. Intake weir is the headwork which serves the whole

system. Major structures are turnouts, check drops and their accessories diverting

or regulating water from or within the main canal to secondary canals and minor

structures are turnouts, check drops and their accessories diverting or regulating

water from the secondary canals to respective tertiary blocks.

3.4.3 Constant factors

The Program assumes three constant factors which are subject to change in case the

user wants to change them so as to fulfil his/her needs.

These factors are:
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(i) Sample = 100; If the user wants to consider more than 100 tertiary blocks

or cost centres, he must change this value to the appropriate value.

(ii) Factor = 439.2; This factor takes care of the amount of irrigation water

required in one season and units conversion.

Season here refers to the number of days taken by the crop from sowing to

harvesting period. This case study was dealing with paddy of variety IR54 which

takes 122 days to mature. The factor should be changed if other types of varieties

with different maturity time are considered. The factor was obtained as follows:

(22)SWR =

Equation (22) can be simplified further to Equation (23).

(23)SWR =

Where:

Number of days in a season;N

Water duty (1/s/ha);

Daily mean water supplied(l/s);Q

Irrigation duration (hrs/ha);T

Irrigation frequency (days);

Tertiary block size (ha); andA

Constant = 439.2.C

_ C * (? T (4)
4

_ N Q T (A) 
rn

Qu

In

N Qv T (4)2

4

122 * 3600 * 10’3 Qu T (A)2

4



42

(iii) Fact = 0.33425; This factor is equal to 122 days divided by number of days

in a year. For annual irrigation water price the factor Fact must be set to be

equal to one.

The program works with two kinds of data files which can be accessed by the

computer. Sequential files for input data and random access file for output data.

Input data file receives data entered through the key board and store them for later

use in the determination of irrigation water price.

Procedure number one up to procedure number four as listed in the main body of the

program in Appendix 5 are for data input starting with areas to be evaluated

followed by the definitions of irrigation structures.

Output data file is the file where the results can be found. The file shows how much

share each cost centre should contribute in terms of Operation and Maintenance

Costs (OMC), Water Right Costs (WRC), Irrigation Service Costs (ISC), and the last

column indicates the price of irrigation water per hectare per cost centre (Tertiary

unit block prices). The mean value of irrigation water to be charged from any farmer

in the system is also found in the file. This file is the text file which can be printed

if needed for further use.

3.4.4 Data files
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3.5 Data used

Data on the following parameters were collected for validating the price allocation

model:

Irrigation water requirements of the cultivated land.

Installation dates, proposed lifetimes, costs, operation rules, and discharge

capacities of headwork.

Installation dates, proposed lifetimes, costs and operation rules of the other

irrigation structures.

Water losses in irrigation canals, and maintenance cost of these canals.

The discount rate.

Water right regulations.

Discharges in the main canal(s), secondaries and tertiaries.

Total area served by irrigation water.

Total yield and area per block.

Canal reach (length) from the intake to each tertiary block in the system.

The primary or secondary data on the above parameters were collected over the

period of one cropping season (October to February) of paddy crop. Since the aim

was to collect data under the system’s ordinary conditions, it was not appropriate to

introduce any new structures that would further distort head relationships in the

canals and over outlets. The measuring system was therefore based on water level

observations at existing irrigation structures.
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These are quite numerous, and they have a uniform geometry. Common calibration

tables were adopted for all identical structures. These data were collected/or

estimated as described in subsequent sections.

3.5.1 Determination of seasonal irrigation water requirements

Tertiary canal outlet flows were recorded from staff gauges installed in tertiary

canals. The rating tables which were already developed by the executing agency,

were used to convert recorded water depth into discharge. The seasonal irrigation

water supply of the irrigated land in Mabogini and Rau systems were determined by

using Equation (23).

The seasonal water delivery of each structure was obtained by direct addition of all

irrigation water requirements of the areas or tertiary blocks served by the structure,

plus the losses in their respective canals.

3.5.2 Determination of water losses in the main and secondary canals

A farmer cannot irrigate without losing water between the farm head gate and the

crop field by seepage, surface runoff, or evapotranspiration from ditches and weeds.

Losses apart of other factors contribute to increase of water charges. The data on

water losses in different irrigation canals were estimated using the inflow-outflow

method. The following steps were followed:
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(i) Parshall flumes installed in main and secondary canals were used to

measure inflow and outflow of the canals;

(ii) The water diverted at the intake H, from Rau and Njoro rivers to Rau

and Mabogini intakes were measured respectively;

(iii) The water depth at main canal(s) off take points H2, secondary canals

off takes (H3) up to tertiaries were also measured. Then by the use of

already developed corresponding rating tables, the readings were

converted to water discharge ;

The determination of total losses in each canal was obtained by(iv)

calculating the difference between inflow and outflow water for each

canal reach.

3.5.3 Yields of paddy in LMIS

Paddy yield data was collected by sampling farm plots along the water supply canals

with a bias of head, middle and tail locations. During selection of locations for

sampling, the following were taken into account:

For each tertiary block in Mabogini and Rau system, three major sample(a)

plots were considered. One major sample plot from upstream, the second

sample plot from the middle and the last sample from tail end of the tertiary

canal;
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(b) For each major sample plot, three minor samples were taken from two square

meters area each and sampled at one end, middle and other end of the plot

under consideration.

The samples were weighed and recorded. The records included plot number, sample

weight and sample field moisture content. The actual weight was calculated at

standard moisture content of 14% and then, the mean production per hectare in both

Mabogini and Rau systems were computed.

3.5.4 The irrigated lands in LMIS

Total irrigable area in LMIS was determined in each system by adding the acreage

of each plot in each tertiary block. The size of most plots are standard, 0.3ha (30m

x 100m); while others are more or less to standard, their dimensions were

determined by direct measuring using a tape measure.

The net paddy irrigated area in LMIS according to design was of the order of 1,100

ha during wet season and 800 ha during dry season. In total 1,900 ha of paddy per

year were supposed to be cultivated, but due to severe shortage of water only 588

ha of paddy had been cultivated per year from 1988 on wards. The irrigation water

is served by the two intake weirs, numerous irrigation canals, 38 and 52 turnouts,

17 and 32 check drops for Mabogini and Rau system respectively. A schematic

presentation for the irrigation distribution systems and the irrigated areas for both

systems are shown in Figure 3.3 and Figure 3.4 respectively.
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For each irrigated area, size, location, seasonal irrigation water requirements and the

area serving irrigation structures were determined and recorded as elaborated in the

previous sections.

3.5.5 Irrigation structures

Four main types of irrigation structures were considered; these were diverting,

regulating, conveying and measuring irrigation structures. Data on their installation

collected from the LMIS office.

3.5.6 The discount rate

The purpose of discounting is to measure different flows of income and expenditure

in terms of their present value so that they can be compared (Gittinger, 1982). For

financial analysis, the discount rate is usually the opportunity cost of capital to the

farm or firm for which the analysis is being done. This will often be the rate at

which a private enterprise is able to borrow money.

In investment decisions like irrigation, consideration of opportunity cost of capital

and the social time preference rate is necessary in arriving at an appropriate discount

rate (Little and Mirrlees, 1974; Schreiner, 1989).

dates, proposed lifetimes, costs, operation rules of the irrigation structures were
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However, estimating a discount rate to reflect opportunity cost of capital and the rate

of social time preference in developing countries is fraught with difficulty. Dasgupta

(i) The existence of various imperfections in the market place e.g

different rates of interest rate are paid to lenders and thus there is a

problem of choosing which one to apply.

(ii) The existence of capital rationing such that the rate arrived at can not

be the true rate of interest.

(iii) The rate of social time preference can be treated as a value

judgement. The Government judge the relative weight to be accorded

aggregate-consumption benefits and costs at different times. The

National plan is used to estimate per capita consumption which is used

in turn to estimate the social discount rate.

Gittinger (1982) suggested a discount rates of 10% to 15% in real terms common to

be used typically in project appraisal in most developing countries. Bank lending

rates to agricultural projects in Tanzania lies between 18% and 25% (Balirwa 1990;

Orota, 1993). Whilst the willingness to make long-term investments in the study area

suggests low discounting of the future, the value of capital and the need to consume

in the short-run can not be set lightly aside. Orota (1993) used a discount rate of

18% in financial analysis of LMIS. On balance, a rate of 20% per annum was

adopted in this study.

et al. (1972) and Mishau (1975) outline the problems as:
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3.5.7 Determination of farmers’ capacity to pay ISF

made:

(i) The average family holding is one hectare of paddy (3 plots) per year at an

average of one plot per season;

(ii) URT/JICA (1980), estimated the annual home consumption of paddy per

family to be equal to 9,600 Tshs per year equivalent to 800 Tshs/month. The

present study converted the value into present value to cope with current

prices based on 20% compounded interest rate. Hence the present value has

been found to be Tshs 177,489 per year or 59,325 Tshs per season.

The farmers capacity to pay ISF was determined through the following steps:

Total seasonal mean yield of paddy was calculated by multiplication(i)

of the unit mean paddy yield by the 0.3 ha (Plot size).

Dehusking cost and selling price were collected from paddy milling(ii)

plant department, and found to be 14 Tshs/kg and 300 Tshs/kg

respectively. Through farmers experience (Ngodoki.G. Personal

communication, 1996) out of 1 kg of paddy one third is husks and

two third is clean rice.

In estimating the ability for the farmers to pay, the following assumptions were
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(iii) The clean rice was then calculated by multiplying (i) by two thirds.

(iv) The gross income was calculated by multiplying (iii) by 300 Tshs/kg.

(v)

presented in Table 4.14 in chapter 4. The capacity to pay ISF per

season per family was calculated by taking gross income less

production costs and family home consumption.

3.5.8 Water right regulation for LMIS

The scheme water right regulations was collected from LMIS office and Ministry of

water; and they are well discussed in Chapter Four.

The farmers costs were collected from LMIS office and are as
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Irrigation duration and irrigation frequency

The irrigation duration recorded from different plots selected at random is presented

in Appendix 1. These data were used to establish the scheme irrigation duration. For

Mabogini system the irrigation duration was found to be 2 hours per 6 plots of 0.3

ha each, which is equivalent to an irrigation duration of 1.11 hours per hectare. In

Rau system, the irrigation duration was found to be 2 hours for 4 plots of the same

size irrigated together, which is equivalent to irrigation duration of 1.67 hours per

hectare.

The irrigation frequency in Mabogini and Rau systems was found to be 3 days in

upper Mabogini and 5 days in lower Mabogini and Rau system. The irrigation

frequency reported by the project management staff was 3 days in Mabogini system

and 5 days in Rau system. These values together with the irrigation durations were

used in the determination of seasonal water requirements in each tertiary block.



54

4.2 Hydromodirie

Table 4.1 presents the hydromodule for paddy for Rau and Mabogini systems in

LMIS. The hydromodule of each system was calculated from the daily means of

water supplied (1/s) presented in Appendix 2.1 and Appendix 2.2 for Mabogini and

Rau system respectively.

The mean hydromodule for each system was determined to be 3.87 (l/s/ha) and 4.54

(l/s/ha) in Rau and Mabogini system respectively, which is still within the range of

3.5 to 4.5 l/s/ha reported by the project executing office in LMIS. These

hydromodules were later used to establish daily and seasonal irrigation water

requirement in each tertiary block as indicated in Table 4.2 and Table 4.3 for

Mabogini and Rau systems respectively. The area serving structures for each tertiary

block were also identified and are shown in the last column of these tables.



55

Table 4.1: Mean Hydromodule for paddy in LMIS.

Daily mean water Hydromodule
Block supplied(l/s)Size(ha) (1/s/ha)

RSI-1 15.18 80.80 5.32
23.81 90.20RS3-2 3.79

RS4-1 34.78 121.90 3.50
37.25 106.50 2.86RS8-2

Mean Hydromodule for Rau system lies between

2.21 <; p s 5.52

4.1085.2020.80MS2-1

2.8750.7017.64MS3-1

5.12203.2039.67MS5-1

6.0771.6011.80MS6-3

Mean Hydromodule in Mabogini system lies between

2.35 s m 6.73

Source: Appendix 2.1 and Appendix 2.2
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Table 4.2: The irrigated areas in Mabogini system.

96.43MS1-1 21.2 333168 MI.TMM-1.TMS1-1
MSI-2 20.2 91.75 301639 MI.TMM-1.TMS1-2

21.5 97.70MS1-3 342010 MI.TMM-1.TMS1-2

MI.TMM-2.TMS2-120.8 94.43 319508MS2-1

123.99 550805 MI.TMM-2.TMS2-227.3MS2-2

MI.TMM-2.TMS2-2109.73 43142724.1MS2-3
MI.TMM-3.TMS3-180.09 22980117.6MS3-1
MI.TMM-3.TMS3-2524504120.9926.6MS3-2
MI.TMM-494.66 19262720.8MS4-1
MI.TMM-4448648144.4631.8MS4-2
MI.TMM-5.TMS5-1697317180.1039.6MS5-1
MI.TMM-5.TMS5-2337294125.2627.5MS5-2
MI.TMM-5.TMS5-2369829131.1628.8MS5-3
MI.TMM-5.TMS6-1455726145.6032.0MS6-1
MI.TMM-5.TMS6-220084396.6621.2MS6-2
MI.TMM-5.TMS6-36169853.5711.8MS6-3
MI.TMM-6695911179.9239.6MS7-1
MI.TMM-6702600180.7839.8MS7-2

71953552147.28472.

Daily mean irrigationAreaName
water supplied(l/s)

Seasonal mean irrigation Area Serving StructuresSize (ha)
water requirement (n?)

Total
Source: Own data (1995).
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Table 4.3 : The irrigated areas in Rau system.

21 3 54

AreaArea Daily mean Seasonal Area serving

size(ha) water structuresname

supplied(l/s)

RSI-1 58.75 13.06 RI.TRM-1

RSI-2 111.53 47.06 RI.TRM-1.TRS1-128.82

45.86 RI.TRM-1.TRS1-2RSI-3 28.45 110.10

37.01 RI.TRM-1.TRS1-398.92RSI-4 25.56

28.30 RI.TRM-1.TRS1-486.49RSI-5 22.35

28.50 RI.TRM-1.TRS1-586.80RSI-6 22.43

28.81 RI.TRM-1.TRS1-687.2722.55RSI-7

7.52 RI.TRM-1.TRS1-744.58RSI-8 11.52

RI.TRM-1.TRS1-86.7942.38RSI-9 10.95
RI.TRM-3.TRS3-123.3078.48RS3-1 20.28
RI.TRM-3.TRS3-232.1292.14RS3-2 23.81
RI.TRM-3.TRS3-347.42111.96RS3-3 28.93

RI.TRM-3.TRS3-439.22101.82RS3-4 26.31
RI.TRM-4.TRS4-268.53134.60RS4-1 34.78

RI.TRM-4.TRS4-310.3952.40RS4-2 13.54
RI.TRM-4.TRS4-495.75159.10RS4-3 41.11
RI.TRM-4.TRS4-550.31115.3329.8RS4-4
RI.TRM-4.TRS4-5.TRS4-628.1086.1822.27RS4-5
RI.TRM-4.TRS4-5.TRS4-620.0272.76RS4-6 18.8
RI.TRM-4.TRS4-5.TRS4-727.5785.3722.06RS4-7
RI.TRM-4.TRS4-5.TRS4-719.9272.5618.75RS4-8
RI.TRM-4.TRS4-9101.57163.8642.34RS4-9
RI.TRM-4.TRS8-178.61144.1637.25RS8-2
RI.TRM-4.TRS8-363.24129.3033.41RS8-3
RI.TRM-4.TRS8-460.43126.3932.66RS8-4

1009.432453.23633.91Total

Source: Own data (1995).

water requirements 

m3 x 10“
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4.3 Water right regulations for LMIS

The average annual water supply of the Njoro river is approximately 3.77 x 107 m3,

and for Rau river is approximately 3.04 x 107m3. Of this amount, LMIS is allocated

108 m3 for Rau intake. This is

according to the 1991 water right No.4807 and No.4808.

Mabogini intake weir located in Njoro river was entitled to abstract 804 I/s of water

(69,465,600 1/day) by furrow from Njoro spring for irrigation of 500 ha of paddy.

400 ha of maize, and 70 ha of Usagara farm. Since most of the water in the Njoro

river come from springs, the river discharge is relatively stable throughout the year.

being in the range of 1.06 m3/sec in January to 1.33 m3/sec in July (NIPPON KOEI,

1985).

Rau intake weir located in Rau river was entitled to abstract 1,135 1/s of water

(98,064,000 1/day) from Rau river for irrigation of 634 ha of paddy and 655 ha of

maize. The discharges of the Rau river fluctuate greatly from season to season, being

affected by patterns of rainfall distribution and severe deforestation on Kilimanjaro

mountains.

The discharges of the Rau river estimated at the site just upstream of the confluence

with the Njoro river range from 0.19 m3/sec in December to 1.74 m’/sec in April

(NIPPON KOEI. 1985).

2.54 x 107 m3 for Mabogini intake and 3.53 x
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For Rau system the entitled water right is greater than the estimated average flow

discharge of the River, thus less dependable.

Figure 4.1 and Figure 4.2 present the relationship between water right and actual

water obtained from Njoro and Rau river respectively. Since the water right

regulation was based on crop water requirement, then it is obvious that the actual

water received by the project is not enough to irrigate the intended acreage. Hence,

due to serious shortage of water (Figure 4.1 and Figure 4.2), only 473 ha of paddy

in Mabogini system and 634 ha of paddy in Rau system are irrigated under random

rotational basis at an average of 99.64 ha and 96.27 ha of paddy per season for

Mabogini and Rau systems respectively. Upland crops (i.e maize) are not irrigated

at all.
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Water losses in the main irrigation canals4.4

Table 4.4 summarizes the seasonal irrigation water losses in different canals in

Mabogini and Rau systems. The total seasonal losses in Mabogini system was found

to be 4.667 x 10s m3 and 5.170 x 105 m3 for Rau system.

Total seasonal canal losses in Mabogini system is less than total seasonal canal losses

in Rau system for about 0.51 x 105 m3. This is due to canal reach difference in each

system.
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The canal losses increase as the canal reach increases. The main canal of Rau system

is 5.3 km, while, Mabogini system main canal is 4.8 km. Total secondary canal

reaches are about 18.1 km and 6.5 km for Rau and Mabogini system respectively.

Table 4.4:

Canal name

0.141MI-TMM1-TMS1-2 428

1343 1.060TMM1-TMM2-TMS2-2

0.9761693TMM2-TMM3-TMS3-2

0.579500TMM3-TMM4

1.3832265TMM4-TMM5-TMS5-2

1.3832237TMM4-TMM5-TMS6-3

0.527455TMM5-TMM6

4.667Total losses in Mabogini system

0.273280RI-TRM1-TRS1-7

2.0962152TRM1-TRM3-TRS3-4

1.6631707TRM3-TRM4-TRS4-7

1.1391169TRM4-TRS8-4

5.170Total losses in Rau system

Water losses in the main and secondary 
irrigation canals in Mabogini and Rau systems.

Canal 
length(m)

Seasonal canal losses 
(m3 x 105)



63

4.5 Evaluation of irrigation structures

Table 4.5 and Table 4.6 present identified different irrigation structures for Mabogini

and Ran system respectively. The installation dates and the calculated present

replacement values are included in these tables. The lifetime horizon of all structures

was taken to be 100 years (Kimicho.R. personal communication, 1995). Appendix

3.1 gives details on how the present replacement values for each irrigation structure

were calculated. Appendix 3.2 presents the allocation of the present replacement

values among the different cost centres in Mabogini system, while Appendix 3.3

presents an allocation of irrigation water right cost for each tertiary block in

Mabogini system.

In Appendix 3.4, Appendix 3.5 and Appendix 3.6 present the calculations of present

replacement values, allocation of present replacement values and allocation of

irrigation water right costs among each tertiary block in Rau system.

The present replacement values of most structures, except for intakes in both system

are almost the same. This is because the structures are identical in design and

construction. Their installation costs are the same, hence, their present replacement

values are the same. The structures differ only in number of turnouts, check drop

structures and their respective accessories. For example, consider major structures

TMM-1, TMM-2 and TMM-3 in Table 4.4. Each structure has got one turnout of

the same size and design. Hence, their present replacement values are the same.
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Table 4.5: Evaluation of irrigation structures in Mabogini system.

1 2 3 4 5

Seasonal Replacement

Structure Name cost (Tshsl

Mabogini Intake 1985 846.67 46638390Ml

Turnout & check drop 1986 97.68 1781938TMM-1

130.17 1781938Turnout & check drop 1986TMM-2

75.43Turnout & check drop 1986 1781938TMM-3

64.13 35638771986Turnout & check dropTMM-4

212.27 3563877Turnout & check drop 1986TMM-5

139.851986 3563877Turnout & check dropTMM-6

33.32 15089941986TurnoutTMS1-1

64.36 21871941986Turnout & check dropTMS1-2

150899432.001986TurnoutTMS2-1

218719498.221986Turnout & check dropTMS2-2

150899422.981986TurnoutTMS3-1

52.45 5467981986TurnoutTMS3-2

150899469.731986TurnoutTMS5-1

218719470.711986Turnout & check dropTMS5-2

150899445.571986TurnoutTMS6-1

150899420.081986TurnoutTMS6-2

15089946.171986TurnoutTMS6-3

NIPPON KOEI (1988).Source

TMM = Turnout with check drop structure (Major structures) in main canal t1.Key

Mabogini system.

TMS = Turnout with check drop structure (Minor structures) in secondary canals <2.

Mabogini system.

Replacement value of the structures are taken equal to the present value of the3.

capital costs.

Installation 
year

water 
delivery 

(m3 xIO4)
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Structure

Rau IntakeRl 1986 1196.37 61254892

TRM-1 T/0 & CID 1987 244.84 1565390

TRM-3 T/0 & C/D 143.161987 1565390

Bifurcation 1987 629.29TRM-4 5767835

T/0 & C/D 1987 47.43 1268898TRS1-1

46.23 1268898TRS1-2 T/0 & C/D 1987

12688981987 37.30TRS1-3 T/0 & C/D

28.51 1268898T/0 & C/D 1987TRS1-4

28.71 12688981987T/0 & C/DTRS1-5

29.05 12688981987T/0 & C/DTRS1-6

12688987.591987T/0 & C/DTRS1-7

43348314.441987T/0TRS1-8

23.50 12688981987T/0 & C/DTRS3-1

126889832.361987T/0 & C/DTRS3-2

47.80 12688981987T/0 & C/DTRS3-3

43348339.511987T/0TRS3-4

69.06 12688981987T/0 & C/DTRS4-2

126889810.461987T/0 & C/DTRS4-3

96.50 12688981987T/0 & C/DTRS4-4

147.07 25377971987T/0 & C/DTRS4-5 ■

253779748.501987T/0 & C/DTRS4-6

86696747.861987T/0TRS4-7

1268898102.351987T/0 & C/DTRS4-9

142.96 25377971987T/0 & C/DTRS8-2

60.90 12688981987T/0 & C/DTRS8-3

Turnout and check drop structure.

Turnout and its accessories.T/O

Table 4.6: Evaluation of irrigation structures in Rau 
system.

Structure 
name

Installation 
year

Present Replacement 
costITshs)

Seasonal irrigation 
water delivery 

(m’ x10‘)

Source: NIPPON KOEl (1986). 
Key: T/0 & C/D
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Structures TMM-4, TMM-5, and TMM-6 each has got two turnouts, check drop

structure and their respective accessories. Hence, their present replacement values

are the same , but they are twice as much as that of structures TMM-1, TMM-2 and

TMM-3. The same trend occurs for Minor structures. The only difference is that

some of the structures have no check drop structures e.g TMS1-1, TMS2-1 and

TMS3-1. Exceptions exists at turnout TMS3-2 which has got no check drop and it

is single, thus, has got least replacement value in Mabogini system structures.

The same situation exists in Rau system, with exception of intake and bifurcation.

The present replacement costs for TRM-1 and TRM-3 are the same. And minor

structures having the present replacement cost of 1,268,898 Tshs have single turnout

with check drop structures and accessories. The design of structure TRS3-4,

bifurcation and TRS4-7 are different from the others and therefore, they have

different present replacement costs.

In case of intakes, Rau intake has got higher present replacement cost than Mabogini

intake. This is due to the area served by each intake. Rau intake was designed to

serve large area than Mabogini intake. Thus, to justify its higher installation cost.

The irrigation water cost in LMIS4.6

Table 4.7 presents the irrigation water costs at the various cost centres for various

cost elements calculated manually. Table 4.8 summarises similar costs calculated by
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calculated by the use of computer program model in Mabogini system. Similarly

Table 4.9 and Table 4.10 summarise the costs obtained from manual calculations and

developed computer program model in Rau system respectively.

The mean irrigation water costs for both manually calculated and by the use of

computer program, in Rau and Mabogini systems are significantly different at 10%

confidence level (Table 4.11). The difference is caused mainly by the presence of

large number of irrigation structures and different installation costs in Rau than in

Mabogini systems (Table 4.5 and Table 4.6).

Table 4.12 shows that system mean water prices produced by the computer program

model and the manually calculated are not significantly different at 10% confidence

level for both systems. This proves that the developed computer program produce

results that are consistent with those calculated manually. In both systems the tertiary

block prices obtained from computer program model slightly deviate from the

corresponding manually calculated irrigation water prices (Figure 4.3 and Figure

4.4). The explanation for this is that the deviations are due to approximations of

large figures during manual calculations; while in Computer program model

everything is processed internally without rounding off the figures. However, these

deviations are not significantly different at 10% confidence level; thus both results

are acceptable and encouraging.
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Table 4.7: Seasonal irrigation water cost in Mabogini system.

Block ISC(Tshs) OMC(Tshs) WRC(Tshs) TAC(Tshs) PIW(Tshs/ha

MS1-1 264861 38405 2109 305375 14377

MS1-2 186535 27048 2006 215589 10667
29958MS1-3 206609 2136 238703 11092

MS2-1 254853 36954 2065 293872 14128
45262 2711 360123312150 13186MS2-2

244497 35452 2399 282348 11682MS2-3
33225 1751 264113 14972229137MS3-1

2646 393231 1475549463341122MS3-2
8276172559207021590148899MS4-1
125783159 40024750286346802MS4-2
13015516293393864883447472MS5-1
8727240787273930146207902MS5-2
9134263878286833054227956MS5-3
11834379531318447660328687MS6-1
11045235158211329512203533MS6-2
12981153174117119249132754MS6-3
11208444157393455749•384474MS7-1
11261448407395356285388169MS7-2

11940

Irrigation structure cost;
Operation and Maintenance cost:
Water right cost;
Total area cost;
Price of irrigation water.

Mean value
Source: Appendix 3.2 and Appendix 3.3;
Where:

ISC 
OMC
WRC 
TAC 
PIW
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Table 4.8:

Area Name

MS1-1 19874 1370632507 14570
18143 125121MS1-2 2385 10792

141871 11296MSI-3 20571 2540
142345 1432420640 2457MS2-1
5191673223 1342575279MS2-2
409904 1189159436 2852MS2-3
121322 15200208217592MS3-1
267167 14977314538739MS3-2
106336 8479246115419MS4-1

12801247660375535911MS4-2
13190560142468281221MS5-1
8935247014325635817MS5-2
9330270836340939271MS5-3
12016281254378540782MS6-1
11247135992251319719MS6-2
1318784545139312259MS6-3
11407413836467760006MS7-1
11646400915469958133MS7-2

Source: Own data. 1996.
Seasonal/Annual mean price of irrigation water in Mabogini system is 12.151 Tshs/ha.

Irrigation Service Fees in Mabogini System (Produced by the 
computer program model)

OMC 
(Tshs)

WRC 
(Tshs)

ISC 
(Tshs)

PIW 
(Tshs/ha)
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Table 4.9: Seasonal irrigation water cost in Ran system.

ISC OMC WRC TAC PIW

Block (Tshs) (Tshs) (Tshs) (Tshs) (Tshs/ha)

RSI-1 50361 7302 1477 59140 3896

RS 1-2 266808 38687 3082992804 10697

RS 1-3 262608 38078 3034542768 10666

RS 1-4 228685 33159 2643312487 10342

RS1-5 195100 28290 2255642174 10092

RS 1-6 196153 28442 2267772182 10110

197641 28658 228493RS 1-7 2194 10133

16580 1121 132045RS 1-8 114344 11462

8067 1065 64764 591555632RS 1-9

1973 220045 1085027616190456RS3-1

268851 1129233753 2317232781RS3-2

122362815 35398344471306697RS3-3

94682560 24911631223215333RS3-4

122363384 42555853463368711RS4-1

109201317 14785818558127983RS4-2

135574000 55731570070483245RS4-3

103802899 30931638804267613RS4-4

12043268203216733690232346RS4-5

10179191368182924003165536RS4-6

8673191317214623956165215RS4-7

7387138505182417309119372RS4-8

586705 13857411973777508809RS4-9

488598 13117362461416423558RS8-2

393402 11775325149408340743RS8-3

397207 1216249899 3178344130RS8-4

10538Mean value
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Area Name

RSI-1 7300 503481757 3913
RSI-2 38590 2661393335 10689
RSI-3 37979 3292 261923 10657
RSI-4 33070 2280672958 10332

28200 2586 194480RSI-5 10079
19555928356 2595 10099RSI-6
196950 1011628558 2609RSI-7
113543 1140116464 1333RSI-8

1267 55665 59368071RSI-9
189745 10829234727513RS3-1
232145 11279275533661RS3-2
306025 12228334844374RS3-3

9478215121304431193RS3-4
12234368101402553375RS4-1
10888127383156718470RS4-2

482622 13558475769980RS4-3
267648 10400344838809RS4-4

11228216126257731338RS4-5
9497154039217522336RS4-6
7866149323255321652RS4-7

107873 6703217015642RS4-8
13858508177489973686RS4-9

423604 13137431061423RS8-2
340772 11794386649412RS8-3
343498 12158377949807RS8-4

Source: Own data.1996
Seasonal/Annual mean price of irrigation water in Rau system is 10.414 (Tshs/ha)

Table 4.10: Irrigation Service Fees in Rau system (Produced by the 
computer program model).

OMC 
(Tshs)

WRC
(Tshs)

ISC 
(Tshs)

PIW
(Tshs/ha)
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Description Mabogini System Rau System

18 25
11940 10538
1998 2250

10%

41

-1.684 and +1.684
Calculated test statistic (T) -2.116 and +2.116

Standard error of the mean 470.93 450.00
Remarks: The two means are significantly different

Table 4.12: Comparison of mean system irrigation water price between

manually calculated and that of computer program model in

each system using T-test.

Rau systemMabogini system

Manual ComputerManual ComputerDescription

25 251818
10538 104141215111940
2250 231120021998
10%10%

4834
-1.679 and +1.679

470.9

Sample size (n)

Mean price

Sample std

Confidence level

Degree of freedom

Tabulated critical value

Sample size (n) 

Mean price 

Sample std 

Confidence level

Table 4.11: Comparison of mean system irrigation water price between 

the two systems using T-test.

Standard error
Remarks: The two means are not significantly different in each system.

Degree of freedom (df)

Tabulated critical values -1.692 and +1.692;

Calculated test statistic(T) -0.316 and +0.316; -0.192 and +0.192

471.9 450.0 462.2
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Mabogini system arc always greater than the manually obtained values by an average

of 2%; while in Figure 4.4, the values of water prices produced manually are greater

than CPM values with exception of very few cases, by an average of 1.2%. This is

due to difference in the number of irrigation canals in each system. If one irrigation

canal serves many blocks like in Rau system where about 9 blocks are served, the

computer program model distribute the cost share equally to cost elements. But, if

one canal serves few blocks like in Mabogini system where 2 to 4 blocks are served,

the programme distribute the losses in each block; thus, the cost share in that block

increases due to increase in losses. This is why the results produced manually and

Computer program model in Rau system are almost equal, while in Mabogini

system, the water price produced by the computer program are always higher than

that calculated manually.

Figure 4.3 and Figure 4.4 show that tertiary block prices differ from one tertiary

block to another within the same system. These differences depend on many different

factors such as number and initial installation cost of irrigation control structures,

distance or location of the tertiary block from the intake and the size of the tertiary

block. As the number of control structures increases on serving one tertiary block,

the price of irrigation water also increases in that block; but this also depends on the

initial installation costs of those structures.

In Figure 4.3, the values produced by the computer program model (CPM) in
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Distance of tertiary block from the intake also affects the irrigation water price

because water losses and number of control structures increases in the down stream

direction. On the other hand size of tertiary block affects the irrigation water price.

If the size of the tertiary block is bigger, the water required for irrigation is also

abundant, thus increases the total irrigation water cost in that block, although the unit

water price might be low. This can be illustrated using block RS4-9 and block RSI-1

in Rau system. Block RS4-9 has the highest daily mean water supply, largest

acreage, almost located at the tail end of the system (Figure 3.4), highest total

irrigation cost and highest unit irrigation water price (Table 4.3 and Table 4.10).

Similarly, tertiary block RS 1-1 is located on the upstream part near the intake, and

it is served by the least number of irrigation structures, and it has got the lowest

irrigation water cost in the system.

For the case of Mabogini system, the situation is slightly different; block MS5-1 has

second largest acreage, second highest daily mean irrigation water supplied, largest

number of control structures (Table 4.2), located near the tail end of the system

(Figure 3.3), and it has got the highest total irrigation cost and high unit irrigation

water price (Table 4.7). Similarly, tertiary block MS4-1 can be ranked the second

from the least total block irrigation water cost but it has got lowest unity irrigation

water cost (Table 4.7). This is because apart of being located near the centre of the

system, the major factor is of being served by the least number of irrigation

structures. It is just receiving water directly from the main canal and the block is

using one common turnout with tertiary block MS4-2 (Figure 3.3).
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ces

have continued for all the seasons. Also, there is a danger of developing conflicts

:namong the water users due to different irrigation water prices for different seasons

•sin LMIS. This is because different blocks have irrigation water at different seasons.
aTherefore, a farmer may refuse to pay more money when it is the turn for his block

considering some of his colleagues located at different blocks paid less in the

iprevious season. Thus a common price have to be adopted.

The price estimated for the third season is not expected to differ much from the price

in the other two seasons because only two parameters are expected to change. These

parameters are volume of water received by the tertiary block, or delivered by the

structure and volume of water loss. The water received during the first season is

expected to be less than the other seasons because it is supplementary irrigation.

Also because of wetness, the land will be saturated and the water losses are expected

to be minimum. Thus the price on the first season is also expected to be less than

that of second season, and that of second season to be less than that of third season

due to cool weather. The third season price which is the one being evaluate is

probably the maximum price the farmer can pay in LMIS.

The irrigation water prices presented are for one cropping season (3rd season). 

Hence, to have realistic values which cater for the three seasons, the Study should

77

The two turnouts share the present replacement cost of the turnout. So the irrigation 

water price in each tertiary block obviously must differ from each other due to these 

factors.
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However, to avoid conflicts and sometimes farmers’ movement from one tertiary

block of high water price to another of low water price, the systems’ mean prices

are recommended rather than tertiary block prices.

4.7 Criteria used by LMIS to set irrigation water charges

No regulations or rules on the setting and collection of water charges have been

established in LMIS as well as in Tanzania as a whole at the moment. The farmers

in LMIS started in may, 1988 (i.e. in the second season) to pay water charges. The

amount paid per plot (0.3 ha ) was 290 Tshs which was equivalent to 967 Tshs/ha.

Under this system of water charges the scheme managed to collect 446,897 Tshs in

May to October season and 366,548 Tshs in September to February season, 1989.

The total amount collected was 813,445 Tshs. The money collected were used to buy

diesel and lubricants for tractors and other machines use (Kimicho, R. Personal

communication, 1996), but no money allocated for maintenance of the irrigation

structures. Moreover, means or procedures used to come up with that unit price was

just by estimating the amount of fuel used during plot preparation and puddling.

Sometimes estimates were based on the cost of the facilities to be repaired or

replaced in that season. So the criteria was ad-hoc.
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4.8 Yields of paddy in LMIS

The anticipated net return of paddy per hectare under the full development of the

scheme was estimated based on the yield data collected from 1985 to November

1995 as presented in Appendix 4.1 and Appendix 4.2.

6.70 tons/ha during wet season and 6.67 tons/ha during dry season (Table 4.13).

Because of severe shortage of water, in 1988 the seasons were changed from two

to three seasons. The first season was from January to June, the second season was

from May to October, and the third season was from September to February. The

average production data at LMIS from 1985 to 1994 are presented in Appendix 4.1

and summarised in Table 4.13. Average production was 6.80 tons/ha in the first

season, 6.37 tons/ha in the second season and 6.66 tons/ha in the third season.

The production data for paddy in the second season in 1995 are presented in

Appendix 4.2 and summarised in Table 4.14. The calculated scheme mean

production is 6.23 tons per hectare (Table 4.14).

The mean production for the first three years of production (i.e. 1985 to 1987) was
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Table 4.13 Average production of paddy in LMIS from 1985 to 1994.

Season Standard Error

Source: Appendix 4.1

Table 4.14: Yield data in LMIS in the second season 1995

Mabogini system Rau system
Block nameBlock name

Scheme mean production = 6.23
Source: Appendix 4.2

Average yield 
Tons/ha

Average production 
(Tons/ha)

Wet
Dry 
First 
Second Third

Standard Deviation

Average Production (Tons/ha)
MS6-2MS6-2MS4-1
MS4-1
MS5-2
MS5-2MS7-1

6.706.67
6.806.37
6.66

6.400.83
0.44

5.98
7.09
7.197.335.97
5.07
6.15

0.30
0.24
0.620.98
0.68

RSI-7 RS8-3 RS8-3 RSI-4 
RSI-7 
RSI-7 RSI-4

0.210.14
0.250.400.26

6.061.10
0.50

4.43
6.165.787.63
5.13
6.117.15

MeanSTD
STD error
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Description Mabogini System Rau System

The mean production for Rau system is 6.06 tons/ha, while in Mabogini system is

6.40 tons/ha (Table 4.14). The standard error of their means are 0.5 and 0.44

respectively. The slight deviation in production between the two may be due to

reliable supply of irrigation water in Mabogini system (located in upstream part of

the scheme) than in Rau system, assuming that the farm management and other

factors are the same in both systems.

For calculation purposes and since the difference in production between the two

systems is not significant at 10% confidence level (Table 4.15). The mean of two

irrigation service fee. The assumption here is that this is the true mean of the

population for the whole scheme.

and 
and

7 
6.06 
1.10

7
6.40
0.83
10*
12

-1.782

means, that is 6.23 tons/ha was used to estimate the ability of the farmers to pay

Table 4.15: Comparison of paddy yield means between the two systems 
using T-test.

Sample size (n) 
Mean yield 
Sample std 
Confidence level 
Degree of freedom
Tabulated critical values -1.782 and +1.782
Calculated test statistic (T) -0.653 and +0.653
Remarks: The two means are not significantly different
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4.9 Farmers’ capacity to pay ISF in LMIS

Table 4.16 summarises the revenue and cost items used in calculating farmers’

capacity to pay. As can be seen from the table the capacity to pay ISF per season per

family is 194,309 Tshs and 154,309 Tshs for landowner and tenant farmers

respectively. NIPPON KOEI (1985) recommended that the water charge should

generally be less than one third of the farmers’ capacity to pay ISF, so that the

charge would not lower farmers’ volition to cultivate paddy in the scheme area. In

this view it is recommended to charge farmers the amount equal to or less than 33 %

of the capacity to pay for the supply of irrigation water under the scheme.

Therefore the irrigation water price should be less than 64,770 Tshs for landowner

farmers and 51,436 Tshs for tenant farmers. The two figures differ because the

landowner farmers do not suffer from hiring costs like tenant farmers.

The program model produced the mean water prices of 10,414 Tshs/ha and 12,151

Tshs/ha for Rau and Mabogini system respectively. Both values are less than 33%

of the farmers’ capacity to pay ISF. The price is reasonable to encourage farmers’

to pay ISF, because farmers in most parts of Tanzania are used to contribute one bag

of paddy with an estimated value of 10,000 Tshs for maintenance.
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Table 4.16: Farmers' capacity to pay ISF

Total seasonal mean yield of paddy(Mw) 1,869

Clean rice (kg) 1,246

Gross income (Tshs) 373,800

Farmers' costs (Tshs)

Tractor Costs 11,630

2,101Seed costs

3,167Personal Expenses

1,283Maintenance cost

819Miscellaneous

26,166Dehusking cost

75,000

120,166Total cost (Tshs)

253,634Net income (Tshs)

194,309

40,000Hiring cost (Tshs)

160,166Total cost (Tshs)

213,634Net income(Tshs)

154,309Capacity to pay for a tenant farmer (Tshs)

Source: Own data (1996).

Capacity to pay for Landowner farmer 
(Tshs)

Other costs such as Transplanting, 
weeding, fertilizer,empty bags, 
Transportation, harvesting etc:
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

Conclusions5.1

(i) Generally it is concluded that the objective of developing and testing

the computer program model was met. The program model fits

Tanzanians’ conditions and it produced encouraging results. The

manually calculated irrigation water price is not significantly different

(p>0.1) from those obtained using the developed computer program,

proving that the computer program is well developed and can be put

into use.

The collected ISF from water users, is believed to be able to(ii)

generate as much as possible of its own funds to keep the scheme in

good working order. The cost recovery for operation, maintenance

and management is to occur from system water users only, in a

manner and timing which reflects services obtained through the

system.

The systems’ mean price, of 12,138 Tshs for Mabogini and 10,414(iii)

Tshs for Rau should be adopted. The tertiary block prices should be



85

avoided so as to have a uniform water price. Otherwise, the mean

value of 11,276 Tshs should be adopted for the whole scheme. These

prices, are expected to be reasonable and enough to maintain good

irrigation service. But, this conclusion needs further data collection

on the implementation of ISF for confirmation.

(iv) The ISF is also

responsibilities and financial arrangements to various associations e.g

CHAWAMPU - (The Lower Moshi- WUA), and it will be a first step

towards resources management at a local level by local institutions,

including foremost the WUA in FMIS.

Increased farmer participation in operation and maintenance activities(v)

is desirable, encouraged and in the long term, necessary particularly

in bearing the cost of running the irrigation system. Therefore, moves

in this direction should be an important part of irrigation policy in

Tanzania. The importance of ISF is unlikely to diminish in the near

future and therefore, the results of the study are encouraging.

Unless a water supply is reliable in FMIS, it is unlikely that improved(vi)

cost of irrigation water can be achieved and sustained. Although a

reliable water supply may be a necessary condition for improved cost

of irrigation water, it is not sufficient. Due to lack of flow measuring

a significant step in decentralization of
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devices, the distribution of water in FMIS is based on experience and

feedback from the paddy growing areas, this inevitably means that the

more accessible parts of the system are favoured during water

shortage.

(vii) Since successful cost of irrigation water is possible even without water

measurement at the tertiary block level it follows that sophisticated

water measurement technology is not necessary for improved cost of

irrigation water in FMIS.

Recommendations5.2

It is recommended that more data should be collected from LMIS in(i)

the first and second seasons, and analyzed using the developed

computer program model. The irrigation water prices in all seasons

should be compared to see if there is significant difference between

them and finally to come up with annual irrigation water price of the

scheme. The mean of the three season prices may be taken as the

standard price of the scheme.

More research should be done to test the program model in different(ii)

FMIS in Tanzania with similar conditions so as to make it universal.
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(iii) The policy on means to transfer responsibilities and implementation

of ISF to farmers for support services should be encouraged in

Tanzania; as a way of reducing public expenditure. The policy

undertaken should be consistent with the realities faced by the public

sector in terms of financial, personnel and policy limitations. It should

analyze specific successful interfaces that join necessary Governmental

and farmer contributions so as to optimise system benefits and the

sharing of system responsibilities.

Collection of ISF should be carried out in each season in order to(iv)

make the farmers easy to complete the payment. The best timing to

collect the water charges is right after the harvesting period for those

who contribute produce and after sell of produce for those who pay

cash.

The WUA committee should discus the collection of ISF with water(v)

users as early as possible. The discussion should include items like

collection commencement date, collection period and total amount

expected to be collected at the end of the period.
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APPENDICES

Recorded irrigation duration in different plots LMIS.Appendix 1:
Irrigation durationPlot number

HoursMi nutesHours
321 322 226 
225 222 
211 
425 424 
405 
406 
513 
512 521 520 
313 327 
410 
409 405 
416 113
112 104 
105 
509 508 209 206 
323 308 304 
316 109 107 
102 101 
216 217

22222
2
222
22
22
1
122222
221
1222
2
221
11
11
111

030
3530
353020
55
010
520
030
520

151030
2025
30
2515205630
40
3020
453530
5

4550

2.00
2.502.582.502.582.502.332.082.08
2.002.17
2.082.331.001.502.08
2.332.252.17
2.50
2.332.421.50
1.42
2.252.332.082.102.502.67
1.50
1.33
1.751.581.50
1.081.75
1.83
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Appendix 1 Continue

Source: Own data. 1996.

53
51530

40
1525 
20 30
545
1520515 15 
255
152010 1194 

0.33

2.081.05
2.082.252.502.67
2.252.42
1.331.502.08
1.751.251.332.082.25
2.252.422.08
2.252.332.17
121.92.030.44

2
1222
2
22
1
12
11
1222
222
22 102 1.7

224
211
319
318320
308309307 
525 
423 512
111110106
401402
403327
313307
320319 Total Mean Standard deviation



O' O' O' O' O' O' O' CM CO O' O' CM O' co

GO

CA

oo

io

m

sro

j^coggmracncocOQ^SJS^SSSSooSSoSSS r—4 2 S 2 ■—4 2 2 r—4 r—4 r—< r—1 »—I v—4 r—4 r— r—4 •—« r—I r—• r—« r—4 r—I r—I f—4 r—I r—4 ■—•co

g°000c0g;^g^c0G0c0c02o22S00G022Sao22o2SS2 Zm r—4 ZZ ^4 Z-4 Zh •—4 »—4 2 r-4 r-4 f—4 »—4 .—4 r—4 •—4 r-M 2 2 •—♦ r-4 2 •—4 r—4 r—4CM

oi

3 z
un z

z z« 
■o

ID

co 
CT3
un 
03 
CD

o z

CMCMCMCMCMt*^r*^CMCMCMCMCMCMCMCMCMCMCMCMCMCMr*.r*.CMCMr*.CMCMCM minininin^^-LOimninm'Q'srinLninininLnin’^^rinLn'srinmm

id io 
-T ■'T

IO 
TT

ID 
■*r

x 
*5 
c 
03 EX 
EX <x

03 
To 
3

c o 
CA 
CD 
03 
CA

"C3

io io io m io id m 
"3- M" ’O- *5T

ID 
VO­

ID'D

GO
S

<D O ID ID VOID 
’T M-

«2 
c 
03 
E 
03
3 
CA 
CD 
03 
E
3 o

co
co
co

•o 
03 •o
a 
CJ 
03 

fiC

I

UJ z
lZJ
q2

CM 
LO s

co 
cn z

co
ID
LOz

co
CM un s

E 
03 
Ta

LU 

a

CM 

X 
Q 
Z
&< 
put 
<

—4CMco^miD^ooo'Q>-]CMco^iniDr^.ooo|Og-4CMco^rLnLgr^coc'
LUo

r—4

in 
un z

LU

b--~

0'r4r4f-ic0r-4^0'0cni0 0'00l0l0l0l0l0<0l000000c0 
ID CO CO CO ■—ICOCOlOO»-40lO(\JC\JOOOOOOOOOO(\JCXJi-4 

»—4 r—4 r“4 t—4 r—4 rH r-H ^-4 ^4 »—4 i—4 r—4 r—4 r—4 r—4 r—4 r—4 r~4

LD ID IO LO ID ID ID <O ID ID
O' O' O' O'

<O ID KO *O ID ID ID IO ID ID ’T M* O' TT O' O' O'

O' ■“4 COID CO CO CO f-4 co co^-4

co=ocoScoSSinScocoinaoS?coSSSSSSSSSS?cocncnS
•—4 f—4 ■—4 •—4 •—4 i-M •—4 ^4 »—«

ocococog^^g^co222coSa'a'20022222oa22a222SZZZZZhC''°''^''ZhZZZZZZ»—4^''°'*^4^»—«^^^Zh22Z=4^1 2 Zh ^4 Z=4

ocncncnommcMinocoocDcoinLninininLnLnoooincoLncoco 
o'ooocoooo'ocor-40'«—4»—4oooooooLnLninoi—< o«—<»—• 
•—4 CM CM CM CM CM CM ■—4 CM CM CM r-4 CM CM CM CM CM CM CM CM CM »—4 f-H CM CM CM CM CM

CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM 
inininininininminLnLninininin<nLnLnmLninminmininLninin

^Zcococococo<'3*^rcooooococor'^r^cococooocococo^r^rcoao^rcoaoco
oinLnininininininininLnin^r^rLnLnLninininLnininmLnminLnLn

cnocnoa'OookOkDiDioioiDoooooco 
VDO«-4OlDCMCMOOC3aaOCDOC3aCMCM«-4 

t—4 r—4 r—4 r-H r—4 rH r—< r—4 r—4 r—4 r—4 rH r—4 «—4 r-H •—4

CMmLniocommcsjmncocscocoiningggggeocjjcogcogcoco

3®§®§3ssssss§s$555SSSsffisisi§s 
in



r-4 m

2

CM

SO CO 
■5T —<

SO

OS

SSSSnricinricocQoSSciSScjSSrjnSri co 
r—I r-4 ■—< •—■ •—« r—< r—< r—< •—4 ■—« ■—• —“< •—< r-4 •—< •—< r—I r—4 ■—• f—< •—<

5

CO CD 
r^COfS.

CM CM 
mm

CM 
O

X 
•r-

c 
(U ex 
ex<

(D 
2 c 

■r—

c o o

mexj os cm

CMOS mo

mco 
CO CM

CD CM 
m

CMOS mo
m cm os cm

CMO 
in

cm 
in

-S <u x>

so os
in er* os

CD 
E 
Z3 
O 
in

kOlOCOCMOOOOCOaOCOCOaOCOCOCOCOOOOOCOCOCOOOCOCOCOoommmmmmmmmmmmmmmmmmmmmm 
r—< r-4

rococococonnmr^ ooooooocoo 
i—I r—4 •—< •—< •—4 •—4 f—4 •

G>ro

S 3 3 3^38 3 3 3 3 3 3 3

cocom(\immmmmmmmmmmmmmmmmmmmmmmmmmmmmc\jm 
r—1»—<CDCT»OCDOOOCZ5CDCDCDaC3aaCDCDaCDCDCDCDCDCDCZ3CDOCDCZ>CDCDCOCM  
CM CM CM r—4 CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM •

CO o 
CM

s

or-M^<CMro^rinor^coo>o«—<CMcQ’«q-|inkOrs>.ooc>o^-4CMc^^r
<C °

cocMoococoaocoooco^r m^mmmmmmcxjm

^COCOCOCOCDCOCOCOCOCaCDCOCOCOCOOOCOCOCOCOOOCOCOCOkOCOOOCOCOCDCOOO mmmmmmmmmmmmmmmmmmmmmmmmmm^mmmmmmom

CM^r’zrTr-srTTTS-^c'oin
^■CMCMCMCMCMCMCMr**a

SocoScacococococococococococococococococococoSSaaococococococo

r^r-»»cor^cococo^^oooocooococqoooococooocococqco^co^i^^.cocooo

m *3- 
GO r-4

CO COOCOOOOOOOOOO O O CT* O'* O'* CH CT* CTl OS OS OS CO OS OS OS OS os os os os IO tn 
ososiomiomiOkOiovommmmkOiomiOKOvomiomvoinkomiommmiomincM

as os m so

cocomc\immmmmmmmmmmmmmmmmmmmc\mmmmmmmmcGco 
t—t CD G> CD O CD CD CD CD CD CO CD CD CD CD GD CD CD CD CD CD CD CD OS CD CD CD CZJ CZ2 CD CZ3 CD QS O'. 
CM CM CM >-4 CM CM CM CM CM CM CM CM CM CM CM *M CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM • ■ 

CO CO 
CD —4 
CM

mmi^cooori c 
CM CM CM CM CM CO CO OJQ 

CD1— 
sin

cococor^cococococoaococooooococococoaococococooocgcog*cocooocqcqco<g<^J 
< ,-4 ,-4 ^-4 r— ^-4 —< r— —.



C/5

cy»coco 
CM

CO

O
nina>’j'T^^nncooo’T<\j^,Kroc\jTT5Toc\i v 
r—4 ——4 r-H r—4 »—4 r-4 •—« r—4 •—4 r-4 —4 r-4 »--4 r-4 •“—• «-^ r—4 r—4 r—4 •—4 »-HI r—I

co

o

S

co

1

*

«c

o z

o z

3 o

c 
0) 
a.

co 
co
in cn co

cn
2

co 
in

a 
ra cc

ra 
"O

a o 
co 
ra o> 
co

tn
CX

tn o'

o co

co m co r* o co in co cum

co coo co in co cum oococoooooocoococo 
cm cm g** m cm cm cm cm cm m cm m m

oococoooooocoococo 
cm cm OMn cm cm cm cm cm m cm in in

CT* CT* Q* O'* CT* O'* 
CM CM CM CM CM CM

co o co o co co co mcxim^minm

cxi co co co mm mm 
O

CD 

ra 
3

* 
CM

•a
CD 

■a
a 
u a

CC

o

inac

SB 
a 
CD 
E 
03

3 
CO 
ra a 
E

<c£ 
ZD

Z 
<C-lxJ

in lu 
cc

^J

5

m 
CX

E ai
co

CM

CO 
in cz

co 
CM

co 
in ex

LU s

rscoco^ovor^cnf^ 
CM CO CO O O CM CO CM 
»—1 i—4 r—4 rH i—4 r—4 r—4 —4

CD CD CO CO CD a CD co r** 'T o co co co 
r-4 r—4 rH r—«

■C-

£

m

in 
CX

in < in <6 'T — — in co in in — co in in J5 co In f—4 r-4 r—4 r—4 r-4 rHI ^“4 »—4 ^-4 •—4 ^-4 ■—4 f—4 ^—4 «-H r—•

£CMCO*rmmr^COCT»O^HCXJC02mi2Ii22c^CMCMCMCMCMCMCMCMCMC^C*S 

a

mor^t**ooo^r 
M-CMCMCMCMCMCMCO 
^-4 ^-4 »—4 r-4 r—4 *—4

LU
LU SZ

z^Z
— a.

ioiommo*mmmiovomommmiom\omcocommmaoor<^oicxico oaaeM*ooooaooooooor-4r*»OTC7i4-<r-4r-4aaocMM*M'0>
r—4 »—4 r—1 •—4 r—4 r-H r—4 f—4 »—4 r—4 r—4 r—I r—4 r—4 r—4 r—4 r»4 r—4 •—< ■—4 r^l ^-4 ^"4 ^"4 ^4 t“H r~H

SSSK?KSSr?coco55r2ScoScoSo

CD O 
CD CO 
CM—<

m <

CDCDCDCDCDCDCDCDCD r^r^r^r^r^cor^coco 
f—4 r-4 •—4

CO O'* CO 
mcMLO

coM-cocor^mr^M-oM-m 
LOCMlOmM* M-CMCMCM

KS

ino2 
ex

—ico «-i r** co rococor*ao—<r*».r*.cor-4co cor^coaocor^cor^

■xrxrsrs,

cococococococomommmcomr*»oor*>mmcocoo' coco»-4CMcococo\ommm%ocomcxjcoc\ir**r**mvom 
i-H r-4 —4 r—4 ^4 r—4 r—4 —4 r—4 r—4 ^—4 i—4

CD r-4 o CD 
co cor* co
—4 r-4

>.cor*.r*cor*cor^rs'ixr*r-«r*r*<* 
mcMcococMcocMTrm^TmcMm ~ 
•—-4 r—4 ^“4 r—4 r-4 r—4 •—« —4 r—4 CM —4

r^cor^f^oSr^cocSco — o^^^^^InSSoInMMSSSPSln^S 
r-4 »—4 r—4 »-H CM •—4 r-4 r-4 •—4 ^-4 r-M r—4 I—4 r-4 —4 i-^ r—• —4 r—4 r—4 r-H r-4 »“4 r—4 —H

COCOCOCO^COCUCOM;CMCUCOj^CUCOCUOOCurj^^g3COCMCOCUCOCOCOg
SnStn!nIoinSSc'5loSr~?InCoSvoSS>ioinfn[oinin'nLnCoinininin

or-,rtr^rso.-io r-,oooi-<rt —iionioioai —noo-< o r*. r». r>» o
co’T o o co co •—i co ■‘T *=r vr \o in 'n vo m co vr co r«. <n vo r~»
r—• r-4 r-4 r^ —4 r—4 —4 •—4 r—4 •—4 i—4 r-4 r—< r-4 r—4 r—4 r—4 r-4 r—4 r-H f—4 r—4 r-4 r-H



CO CM COCM CM CM CM CO CM CM CM CM CM CM CM CM CM CM CM CM

TT NOrs CM in CM CO CM

CM cocMcocM OCrtCTio rs r*.ors, rx 
m in in cm cm cm cm co co cm co co cmcm

O
CM

COO^ CD 
CO CM CM CM

r** CD CD 
1<O CO CMCOr—4 r—< CO —• I'"**" r*« f** C* CO 1*^cocor**cocococococococor**co

r** r**. 
r*. i*^

CMCMC0CMCM^r*crr^T3-
CM

3

OJ 
D

•■**. —4 in 
-rHCO

r^COCOOCOCOCMCOCMCMCMcomincMinm^-inTrinin

o» 
IO

co ox co cm ox ox ox in io m m cm cm cm

CMCMCMCMCMCMCMCMCM^rinin^rinminmin

r* co cm 
CM in CO’T

in 
CM

cd -cr 
co

r*» r*. in r** r** ox ox 
co co in co co cm cm

■r-

C 
o u

CD 
O

D 
O (✓>

101010100 
CD CD CD CD CD 
«—4 r—4 r—4 I—4

10 CD 
CD CD 
»—< r-

in io co in ox m

S3e — szm

co cor** 
cm ^r 

in or**’ 
ox

io ox 
in ox ox

<Q

ns 
■u

tn

r** in s0000 
*5" r-4 r-4 
f** CM CM

aocu 
r*.CTtin

mcoco ox in cm
Jon

cooomioococococococococo 
—4OOOOO—<«—• —4 r-4 r-<r-4 OX OX 
»-1 ■—4 rM r—4 r—4 •—4 r—< r-4 r—4 •—4 •—4

co *=r ox ox co 
S •—• »** CM CO

OCXS m10 cd r**. co

Of** cd in

in in ax
CM CM —•

cxr*. co CD CM CO co • - cm mo 
"*■ —«

SS^m^^moxmSm^m

CM . . •—« r**. in

«cr ox CM CM

rsr*.^-taooococoininininincococo cococor*.i*«.r*.rxr*.r^r*rxr*.r*.r*.rx

r-4r-4coinr^r>*cMcococMiococM cocoi-uncocoinaxioin^r-iin

ooo 
CM CM CM

co co CO CD 
r— I —4 r-4 ^D

COCOCOOCOOOOCOOCMCM coinincMtnin'crin^rinin
x

c 
(D ex ex 
«c

coin in in io CD • •10 10 CO IO CD CM

r*. co co moo 
co • • neo 10

O •’3"

CD!*^CDr*-CDCDCDininCDOin.-4CDCD coinco—irsr*r*CMC\jrxiscMcoi*.<o 
r—4 •—4 •—4

< CD CD •—« CD CD CO CD co r** r** 
cococoincocoocoo—<•—• 

•—4 r—4 i—4 r—4 ^-4 ■—4 r—4

•—•CMCO’TmiOr^COOCD—«CUC02j2k0^0025cMCMCMSicMCMCMc8S]oC0 
<

r**. r*» r*. r** r*^ r**. 
tt r** r*. r** in in 
»—4 •—I 1—4 T—4 i—4 f—4

cDOor**cocomcncocoooi>*r*r** 
CDCDCDCMOOr**COCOCOCOCMCMCM 
•—4 •—4 r—4 r—4 r—4 r—4 »-4 r—4 r-^ t—4 •—4

cooococor**r**r*»r**f—ir*» »—4 r-41—4«—4 m mo io cm r** 
r—4 r—4 t—4 «-m —H r-H r-H •—4 CM r—4

O CD O O CO O CO CO 
OCDCD'J’r-4Qr-4—4

r** r** r^

ooor*»oo^r**i**.r**.r>*r*.r**r**. 
CDCDCDCOGSOOO^-’TTT^rCOCOCO 
f—l »—« r-4 •—4 •—4 f—4 •—4 •—4 »—4 r—4 f—4 «—4

CD^-COOOCOCDlO^S’^rCD 
CDCOlOlOlOOC^COCOCD 
r—4 »—4

—•cor**, o«—i in CM • - in ao co oco

O CD o co co co 
cm cm o «-h—4—4 co co in co co co co in in co »~4 •—4 r-4 —4 r—4 —4 OX OX f*** in in LO OX 10 F*» I**. OX

r**or**r**r**.r**cor** m-Hioinin’T —m 
r-4 CM i—4 1—4 r-4 r-4 —4 r—4

T? OCO 
CO CO CM 
CM • • 
cm cor**



grjSrJKKKSmciSSgcncnmmal

gSKSSSS8225Sx22222Sr-«-r-COCOCO — CMw-CMr-^r-CN — r- t-in m •“ 
•- cn •- CN

•-mm 
cn —co cococo

a j2

jjinjningggjnginginioingininin

3Ococooor*«^^co 3 Z z zz

E
s a a » » » 8in m in _ z_ coin min

O
.£

in6 *5

•s-isi-linis-si-io>
II II

222o

«y T ~ T T
s

_J z

a Ez

-J zm o

QCJ
•0

QO •a
O u•a

Q U•a

co co cn co

Q CJ
•0

g mco

cm m

3 ’T

cd co

a in co

£
o 
0

i

6 co

Q U
o0

Q(J 
00

QO
00

Q O
o0

6 CM

O 
ra 2 
o

CO
X k—4 Q
LlJ Q- Q_

co
X 

‘"6 
c a 
Q. Q. 
<

jj
ac

M 
i c 
.2

g
wg g 
M
Q.
■5

M 
I c £

8

0 
m c

s 
I 
o 
o 
a 
<n

oS
JC
jj
O

5 E 0
a g.
0 
0

O 
x

>5
3

CM 
m O

o

o 
c o 
'♦= 
CO □ 
co > LU

a 
2 u
W

CO io

& a:

m
oco
m in

£
3 CM

£ s CM

CO 
co

E 0) 
w 
tn

’6) 
o XI <0 
2
.Ew 0) h.2 +-> o □ *3 
tn
c _o *3 ra 

•S’

£ £
8
«
a
0 
o 
E o

I

I

CO s

o co

s co cn r—
iu O
z I
H 
8 tn

0
o n
0
a
■o
a
0
5

00 M

5 S is

P R 
5 “ 5CM CM

2 r* r% r* in in inr* r* r* in in inC; oo co oo r- r- r*g cm cm cm m in in

cd cm OJ CM
CM CD •- co CM *-

u 2
z 2

gcOCOCOCOCOCOo-'Ct
SCDCDCDOOCOOO — 
m ~ “ — — — - CM

CO 
in 
co

g g

S 5 S g g g 8 8 § § § S 8 § § § §in in m — cpeocococooococoooco
r-o^-OOO*-OOO 
COCO COCO COCO COCO COCO

00 00 00 
o a o 
CO ““

CO 00 00o o o— — co

SS22S2SSSS2SS

CM CM CM CM

in 2 tn in tn

Q
° O
* P

53rS!2~»S88Sg!?K^!»qt 
■fsZOine^ScdwtcModcMCMcnoinOra

-I ? § ? 2 2 87 r- — r- CM CM CMCO CO CO CM CM CMcm cm cm m m m

— cm co v in co
ssssr-
2 2 S s :

d 
2 u 

s 
2 
■o 
.X 

0

U 

•0 •«
O 

i 
c 
0 
E 
Q 
O 
•0 *2 

■o 8 
S 2 

i s 
. £ SE .* "

2 1 £ S’ 
M X3

s f 
o E 
J2 3 
i & 
o O 

! I 2
! i i
5 S S
•S 
a> 
3

•— •“

r* r* r»co co co
CM CM CM

nhhhhip
CD^^XCOOCOCOV Tf *0
C0r-r-«-CMCMCM»- »- •“ •“ •” •" •“

2 cn 
2 2 
h- H

CM

CM

2

c 2
2 ®

_ 2 ro
u u in
3 3 0

K § 3
a a 32 2 §
■U -3 V>
M Jt 0
U U JE
0 0“

S -S O
.-£5 3
s s j
O 2 E

5 5 8O O 0)
E E a
i2 12 ‘

<N «

s s

CMCMCM — CM — CM___CM_ 
CMCMCM^CM^CM^^^M^;

c* r*» *** _, _ c* __ __ r* c* c* __ c* c*minin^^JZinJZm^Zininin^_inintn

CM

O O O



CO

CN

o>

IA

o 2 2

in

cd 2

2oo

£ co

CN
CD

O

o

in co

co

CN

X
£

xt
2
2

co 
r— 00

co 
o
CN

CO
in
co

co
CD6

co
in

£
M

m
22

W
C o

CO G> k.
2
O 

22

m
56

in co co £

CN in

in co

ra 
CT

I
I

o in 
cd xt CD O Xt

CD CO Xt CD CN

00 tn
in

o 
1— CD CN

CDCO
O CO

00 CN

in co in o co

CDCN inco

CD CD 
r— CD

in 
r“ CD CO CN CD

00 in CD CD CN

00 CN s £

o co CN CD

COCO
00 co co

00 o in CD s

CNCDtnCD00

in oo co
co

CN
CNOCOCO

in
CN co 
r— CD

CD CO in CD CD

CN in xt in co

inCN CN COCO

CO 
V" CD CN CN

in 
V“ CN O CD

CN CN

CNCD CO

00 00 CD m

CN CO CN CD

CD 00 CN O in

CD in O
CD co CD CD CD

CN 00 CDco CN

in co co in co oo

r*£
CD CD

tn
CD CD o £

CN o

in CD CN CD CD m

CD in

co
CD in CD co

o
CD co CD

CO O CD 00
in

O 00 CN »— o XT

oo CN 00 CD CD CO

CD tn CD
CN CN

in co
in co

oucoCDCN co

CN CD

CN
in CD CN

co co in CD o CN

00 inco o

CN CD

00 00
CO CDo

O) in CD CD

CD 00 CN
in 
in

xt co co

O o
co00 CD CD

in oo CN CD in

O

CDOO

E 0) -w CD

> 
oj M

00 CD
CO CO

CO CN ID xt co

CD CD co o in

in oo

in O xt oo co

00 CD rj O in in

in in co O CD
CN

CD CO in 00
co

o co CD o CD o co

CD o CD CD O CN

CD CD 00 O in

in CD CD CO

CO in oo xt in CN

coCD
CDCD tn

oo in co co

in o oo o in in

oCDo

CN CD CN in Xt

o ID
CN£

CD O
CD
ID

00 ID CO O 00

xt CD CO
ID CD CO

coIDCDCD

o 00 CD CN CN

CD CD 00 o ID

Xt 
o CD CO CN

Xt O in
CN in

coCD
CD

O co xt o
o

o CD m
CN

XtCD CO
CN CN CN

CD CD 00 00 xt

oo in CN CO CD
CN

O m
CD CD CN

CO O inO

00 xt CD 00

CN o 00 CD xt co

CD CD 00 o in

O ID r* o

CN

X?

CO co 00 xt CD

CN O CD
o CN

00CD00CN

O CD CD CD O
CO

in O co co

in £ 6

CD CD 00 O in

CDCDCN
CDCN

CD CD CD
CO

CN CN CD Xt
O CO

CD CD 00 O in

oCD m

xt CD CD CO o in

xt CD CN CO
CO

m xt 00 in co CD

CD
CN CD

co oCD

00 CD xt d

CD 00 r*
CD CO

in co
CN CN

3 
In in

xt CN CN CO CN

CD
OCDCN

OOCD CN O

o 
in CD O 00 in

co
CD CN

IT
O n c* C£ c* cc

2 5

CD
JZ

u>

'ct o 
X) (0 s
c

C CD W 0) k. 
CL
0) £

CD
Q.Q. 
<

25 
in 
O O

ra § <a ra o> CD

ra § (A <0 <D C/3

Xt 
o o

co
O (J "e

J

E
5

C/3 2

00 CD £ CO co

CN 
o CN CD CD CO

O

00CD
CD xt in

co CD
CD
tn

co 
5 CD CO CD xt

O xt
co

CD

CN
ID

IDCO CD
CN xt CO

CD

00 CD
CD xt ID

o 00 CN o
m

CD 
o o

xt CN CO xt CN CN

CDCN
CO CO

CD CN
in in

in xt
CD
xt

O CD CD
3

CN
00 Q)

CO O CN
CO CO

in
CN co

O CO in

O CD

CD CD
CO 00 CO

CDCD CD

O
C o
ro o_o
<
CN
CO
■S

cCD
E 0) o cu
Q.0)

xt 
o CJ
CO
O (J

s o
oCN
CO

CN 
22

CN 
CN C/3 2 H 
CN 2 s H
s s

CD00ID CN

3
5CN

CNCD

CN CN

CD CO
CD
o
co

2 z 
2o. z 
8
o cn

§
(A a> (A <Ao
76 SO

xDC

£ co

CN XT£xt

CO cn 
S
CO S 2
CN S

CN CD CD£ CO

CD ID

00xt

co
5 CO

xt

CD 
s 2

C’ E 8 n
a.

CD CO CD
o co

00 o co CN £ co

xt 
o 
ID

s
CD
CN

5 co

CN 
in cn 2 
in 2 2 £ 
2 2

CD 00 r* co £ Xt

co
CD cn 
2
in 
2 
2

2 
2

CD O CD
o

<A O

o V) O
a.
a

*o 
g
JC (A
toCJ <

s o
■o
co
00 00 CD

CA f, t
s 
g
U)
8 
s

8
g 
tn
.2. 'ra5

c o> to c O O

co CD CD 
s S

CD r*CO CN
in 00 CD
00 00

CN
£ 
2 5
2 
2 H

2 5
CD CO CD CD
i— r—CO CO

<A a> 
a  
~ <J 
s 2

(A

O’- < »
o b

o~_CD CA
8^

Cj“7a s-5 o t

coS
S r.H- CM
IO u>S oS

“ 2
cn
cn co o>

*7
co <As s

r§ 8 s QJ C» cn O

5 5 
f 5

ra f

o 3
to

*7CO co cn cn
2 2

*7
cn cn
2 2

CN CD

£
CDCO

CO CD 
2 co 2 S *2 £ $ 

o CD

a o J*. •- cdO in r* cd co
* in d cnco oo co CD CO CD CDo in co r*CN CO CD COco oo r* oo

co coCD CDCD CD
O

00 CN Xt O) O) co 
V- CD CN

CN

Xt 
5 
S o b cn u> 
S O 
S

cn cn
co co

11

CD I 
m s
2 2CD

cd r*
o PXt CD CN x-

in in in in
d d

i- cn co ■ i ■ 

£ £ cn 
2 2 2

o o o o in in o d

t- CN CO « i ■CN CN CN cn cn cn 
2 2 2

cn r> co CD CD xt co in o r-O O CN xt CN CN

GJ E 
s e 51GJ

oo in m cd cd co »— CN CN 
x-^ CN CN

CN 00 00 CN CN CN r- Xt Xt d 6 d

in co co r*; CD CO 
CD xt co' 
in cn co CD O CO in cd b. xt b* CO in “

x- cn co■ ■ *in m in cn cn cn s s s

9— CN CO
CD CD CD cn cn cn
2 2 2

CD 00 r* CN XT CN CN CO 
d 00 CD 
CD CN XT CO CO CD CD CN Xt r— CD “ CN

CO xf 00 o
CN

s in
CD in



107

Appendix 3.3: Allocation of irrigation water right cost for

Mabogini system.

Area/Block Size(ha) Area Remarks

share(Tshs)

21.24 2109MS1-1

MS1-2 20.21 2006

213621.52MS1-3

20.8 2065MS2-1

27.31 2711MS2-2

239924.17MS2-3

17.64 1751MS3-1

264626.65MS3-2

207020.85MS4-1

315931.82MS4-2

393839.67MS5-1
273927.59MS5-2

286828.89MS5-3
318432.07MS6-1

211321.29MS6-2

117111.8MS6-3
393439.63MS7-1
395339.82MS7-2

472.97Total

Source: NIPPON KOEI (1988) and Own data (1996)

Upper Mabogini 

Upper Mabogini 

Upper Mabogini 

Upper Mabogini 

Upper Mabogini 

Upper Mabogini 

Upper Mabogini 

Upper Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini 

Lower Mabogini
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Appendix 3.6:

Area/Block Size(ha) Remarks

15.18RS1-1 1477 Rau river village

28.82 2804RSI-2 Rau river village

28.45 2768 Rau river villageRS1-3

248725.56 Rau river villageRS1-4

Rau river village22.35 2174RS1-5

Rau river village218222.43RS1-6
2194 Rau river village22.55RS1-7

Rau river village112111.52RS1-8

Rau river village106510.95RS 1-9

Rau river village197320.28RS3-1

Rau river village231723.81RS3-2

Rau river village281528.93RS3-3

Rau river village256026.31RS3-4

Chekeleni village338434.78RS4-1

Chekeleni village131713.54RS4-2

Chekeleni village400041.11RS4-3

Chekeleni village289929.80RS4-4

Chekeleni village216722.27RS4-5

Chekeleni village182918.80RS4-6

Chekeleni village214622.06RS4-7

Chekeleni village182418.75RS4-8

Oria village411942.34RS4-9

Oria village362437.25RS8-2

Oria village325133.41RS8-3

Oria village317832.66RS8-4

61675633.91Total

Source: NIPPON KOEI (1988) and Own data (1996)

Allocation of the irrigation water right 
cost for Rau system.

Area 
share(Tshs)
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APPENDIX 4

Appendix 4.1: Production data in Lower Moshi irrigation scheme.

Year Scnxon Acreage Average Yield

lhe) [Tons/ha]

1985 Dry 93.52 7.00 7.00
1986 Wet 119.12 7.00 7.00

472.97 6.50Dry 6.50

1987 414.00 6.40 6.40Wet

6.50Dry 473.29 6.50

7.00 7.001988 First season 432.80

6.50Second season 463.02 6.50

6.506.50Third season 391.02

6.501989 500.60 6.50First season

6.006.00517.51Second season

6.006.00Third season 413.30

6.006.001990 First season 518.00

8.408.40571.51Second season

5.605.60425.15Third season

7.10351.46 7.101991 First season

6.106.10476.00Second season

7.307.30449.00Third season

7.907.90437.001992 First season

Second season
7.757.75454.00Third season

6.306.30318.181993 First season

5.905.90392.80Second season
6.706.70Third season

1994 First season
5.305.30421.00Second season

6.806.80224.00Third season
6.80 6.37 6.666.676.706.63Mean Value

0.98 0.680.620.240.300.71Standard deviation

Source: Paddy section in LMIS (1995).

266.90

No cultivation

Wat season 
(Tons/ha)

Dry season 
(Tons/ha)

First season 
(Tons/ha)

second 
season 

(Tons/ha)

Third season 
(Tons/ha)

Average 
Yield

Average 
Yield

Average 
Yield

Average 
Yield

Average 
Yield
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Appendix 4.2: Yield data in LMIS in the second season 1995.
Sample No: Field weightBlock name Average productionPlot No:

Area = 2m’ [kg] [%] [kg] (Tons/ha)
RSI-7 303 1.60 23.201 0.97

303 1.10 17.50 0.882
20.70 0.81303 1.203

2.66 4.43
17.80 0.94505 1.20RS8-3 1

1.372.00 20.505052
22.20 1.392.205053

6.163.70
1.2420.301.80503RS8-3 1
0.9218.201.205032
1.3020.401.905033

5.783.47
1.2515.701.404031RS 1-4
1.5619.702.204032
1.7722.202.804033

7.634.58
1.0924.501.902111RS 1-7
1.1424.502.002112
0.8523.001.402113

5.133.08
1.1725.202.102221RS1-7
1.3820.302.002222
1.1227.502.202223
3.67 6.11
1.5118.502.004141RS 1-4
1.6522.902.704142
1.1213.701.104143
4.29 7.15

Mean production for Rau system (tons/ha) = 6.06 tons/ha;

Standard deviation of the means n 1.10.

Moisture 
content

Actual 
weight
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Appendix 4.2 continue

MS6-2 1 307 1.50 18.80 1.12

2 307 2.20 20.00 1.54

3 307 1.20 18.00 0.93

3.59 5.98

MS6-2 1 426 2.00 21.50 1.30

2 426 2.50 24.00 1.46

3 426 2.40 22.50 1.49

4.25 7.09

MS4-1 6021 2.80 22.20 1.77

2 602 1.80 18.60 1.35

3 602 1.50 17.60 1.19

4.31 7.19

MS4-1 1 411 2.40 24.40 1.38

2 411 2.40 25.20 1.33

3 2.80 23.20 1.69411

4.40 7.33

MS5-2 2.00 24.601 619 1.14

2.20619 25.002 1.23

619 1.90 22.003 1.21

3.58 5.97

615 0.80 18.00MS5-2 0.621

615 1.90 22.20 1.202

1.70 19.50615 1.223

3.04 5.07

2.00 23.00 1.22MS7-1 5011

18.90501 1.80 1.332

2.20 27.10501 1.143

3.69 6.15

Mean for Mabogini system - 6.40 tons/ha.

Sample standard deviation of means ■= 0.83

Source: Own data (1995/96).

Actual weight was calculated at recommended moisture content of 14%.Note:
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APPENDIX 5
$*31: Ms*##* ft##**#* ft* ft******)

PROGRAM IRRIGATION_SERVICE_FEES_(ISF);

^ftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftftft*^

(* The pi-ogram determines the annual/seasonal irrigation water price to be

paid by irrigation water users in a farmers’ managed irrigation scheme.*)

USES CRT;

CONST

439.2;Factor

100;Sample

0.33425;Fact

TYPE

RecordIrr Areas

Area_Name: string[6];

Area_Size:real;

WaterJRequirement, SM : Real;

Water_Supplied :Real;

Area_serving_structures : string[30]; End;

Array[l. .sample] of Real;Areas
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StructureCost = Record

Structure name :String[20];

Installationyear, S_waterDel,

CapitalCost, Present_RepCost: Real;

End;

VAR

Directory, DataSum : File of irr_Areas;

Individual : Array[1..sample] of Irr_Areas;

Data_file, myfile,Filename: text;

Name.YourFile :string[20];

Blocks,Number, i, area, choice, num, Counter: integer;

Director : File of structureCost;

Each: Array [1..sample] of StructureCost;

ICj, r,y,MTC,TC, Length,losses,IR, Qmj, sum, TB,

T,It,Present_RepCost,WRC,mean,Tot :Real;

st,sq,sr,sa,A,IC,OMC,PIW,AC,BCost,TAC,sb: Areas;

aft ft#*** **4*91141)

Procedure Pause;

(*****«***«******)

VAR

Proceed:char;

Begin
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Writein;

Writeln(’Press < enter> key to continue...’);

Read(procced);

End;

(***************************)

Procedure Create_Data_File ;

(***************************)

Begin

Writein;

Writef <Enter> Irrigation duration (hrs/ha):’);

Read(T); writein;

Write (’<Enter> Irrigation frequency (days):’);

Read(It); Writein;

Writef < ENTER> How many blocks to consider: ’); Readln(Blocks);

Writein;

)’);Writeln;

Writef < ENTER> your choice:’);Readln(choice);

IF choice = 1 then begin

Assign (Directory, ’A:Input_l.pas’);

Rewrite(Directory);

For i : = 1 to Blocks do

WritelnfDo you want to load new data in the file?’); Write(’(l:YES, 2:NO
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With individual[i] do Begin

Writc(’Area name: ’); Readln(Area_name); writein;

WritefArea size (ha): ’); Readln(Area_size); Writcln;

Write(’Water supplied (1/s): ’); Readln(Water_supplicd); writein;

Readln(Area_serving_structures); Writein;

Write(Directory , individual^!);

end;

Close(directory);

End

ELSE

Writein;

CONTINUE.writeln(’

END;

Procedure Correction;

(■jt#*#*#*****#********)

VAR

Comp, correct: integer;

Begin

Assign(directory, ’A:Input_l.pas’);

Water_Requirement := (Factor * Water_supplied * T * Area_size)/(It);

Write(’Area serving structures: ’);
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Rcset(Directory);

Repeat

Writein;

Write(’Give component number to be corrected:’);

Read(comp);

Until comp < Filesize (Directory);

Seek(Directory, comp);

Read(Directory, individual^]);

With individual^] do begin

Writein; pause;

Writeln(’Old area name :’,Area_name:6);

WritefNew name :’);Readln(Area_name); writein;

Writeln(’Old area size:’,area_size:8:2);

WritefNew area size:’); Readln(area_size);writeln;

Writeln(’Old water supplied:*,Water_supplied:8:2);

WritefNew water supplied:’);

Readln(Water_supplied);writeln;

Writelnf Old area serving structures:’ ,Area_serving_structures);

Write(’New area serving structures:’); writein;

Readln(Area_serving_structures);

Seek(directory, comp);

Write(Directory, individual^]); Writein;

Water_Requirement := (Factor * Water_supplied * T * Area_size)/(It);
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Close (directory);

2:N0)’);Wrilcln;

Write(’ <ENTER> your choice number:’); Readln(choice);

IF choice = 1 then begin

Correction;

End

ELSE

Writein;

Writeln(’****CONTINUE****’);

End;

End;

$**>!< «**:!< #*****>i>*$’!< ******)

Procedure Read_datal(i, counteninteger);

(ft****#*************#*****’!'***************)

Begin

Writein;

Write(’< ENTER > Name of the scheme:’); Readln(Name);

Writein;

WritelnC THE IRRIGATED AREAS IN’,name: 16);

WritelnC

Seasonal’); Writef irrigation’:5 , Area’:3);WriteIn(’Daily ’:10,’

Writeln(’Do you have another component to correct?’); Write(’(l:YES,
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Writeln(’ Aiea’: 10,’ ’ water’);

Writef requirement’ :20, ’Serving ’ :6);

Writeln(’ name’: 10,’ size(ha)’:8,’ supplied(I/s)’:10,’ ); Write(’(m3) ’:15,’

Structures’: 17);

Writeln(’

Begin

Assign(Directory, ’A:Input_l.pas’);

Reset(Directory);

While not eof (directory) do

Begin

Read (directory,individual[i]);

With individual[i] do

water_Supplied: 12:2,water_Requirement: 12:2,

Area_Serving_Structures: 24);

End; End;

Writeln(’

Close(directory);

Writein;

2:NO )’); writein;Writeln(’Do you want to make any corrections ?:( 1:YES,

Write(’<Enter> choice number:’);

Readln(Choice);

IF Choice = 1 then begin

Area’:8,’ Water ’:10,

Writein (’Area_Name:8, AreaSize :11:2,
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Writeln;

Correction;

End

ELSE

Writeln;

Writeln(’Thanks for not making a mistake!’);Pause;

End;

Hs He H® H® H® H® % H® H® H® H® H® H® H® H® H® H® H® * H® H®)

Procedure Structure Cost;

(:®ciicH®HcH®H®HcH(HeH®HcH<H®H®H®®i®H(H(HcH®HcHcH®H()

BEGIN

Write(’< Enter> the discount rate, r(%):’);Read(r); Writeln;

Write(’< Enter > Current year,y:’);Read(y); Writeln;

Writef <ENTER> How many structures to evaluate:’);

Readln(number); writeln;

Writeln(’Do you want to load new structures in the file?’);

Write(’ 1: Yes, 2:No)’); Writeln;

Write(’ <ENTER> your choice:’); Readln(Choice);

IF choice = 1 then begin

Assign (Director, ’A:Input_2.pas’);

Rewrite(Director); Writeln;

For i : = 1 to number do
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With cach[i] do begin

Write(’Structure name: ');Readln(Structurc_name);

Writein;

Writc(’Installation year: ’);Readln(Installation_year); Writein;

deliveryWrile(’Seasonal (cub.meters):’);water

Rcadln(S_WaterDel);Writeln;

Write(’Capital cost at installation(T.shs) :’); Readln(CapitalCost);Writeln;

Present RepCost :=exp ((y - Installation_year) * ln(l +(r/100)) + In(CapitalCost))

Write(Director, Each[i]);

END;

Close(Director);

End

ELSE

Writein;

WritelnC....CONTINUE....’);

END;



123

(

Procedure Correction !;

(******************** * * )

VAR

Comp_2, correct_2: integer;

Begin

Assign(director, ’A:Input_2.pas’);

Reset(Director);

Repeat

Writein;

WritefGive component number to be corrected:’);

Read(comp_2);

Until comp_2 < Filesize (Director);

Seek(Director, comp_2);

Read(Director, Each[i]);

With Each[i] do begin

Writein; pause;

Writeln(’OId structure name :’,Structure_name:6);

Write(’New structure name :’);Readln(structure_name); Writein;

Writeln(’Old installation year:’.Installation_year:8:0);

WritefNew installation year:’);

Readln(installation_year);writeln;

Writeln(’Old seasonal water delivery:’,S_WaterDel:8:2);

***************$******)
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Writc(’New seasonal water delivery:’); Rcadln(S_WaterDel);writcln;

Writeln(’Old capital cost at installation:’, CapitalCost:10:0);

Write(’New capital cost at installation:’);writeln;

Rcadln(CapitalCost);

Present_RepCost := exp ((y - Installation_year) * ln(l+(r/100))+ln(CapitalCost))

Seek(director, comp_2);

Write(Director, Each[i]);

Close (director);

Writeln(’Another component to correct? (1:YES , 2:NO)’); Writein;

Writef <ENTER> your choice number:’);Readln(choice);

IF choice = 1 then begin

Correction_2;

End

ELSE

Writein;

WritelnC ****CONTINUE****’);

End; End;



125
(* ******** **** ****** *j

Procedure Read_data2;

(*********************)

Begin

Writeln(’DEFINITIONS OF IRRIGATION STRUCTURES IN’,name: 16);

WritelnC ’); WritelnC Seasonal’: 5

Write(’Capital cost at’:7 , ’ Present’: 13);

delivery’:!,’Installation’ :2, WaterWritein ’Structure’:4,(

’installation’: 15, ’replacement’: 16);

(T.shs)’:12, ’cost(T.shs)’:22);’ (m3)’:5 ,’

’);WritelnC

Begin

Assign(Director, ’ A:Input_2. pas ’);

Reset(Director);

While not eof (Director) do

Begin

Read(Director,each[i]);

With eachfi] do

S_WaterDel:20:0,Installation_year:9:0,Writeln(structure_name:8,

CapitalCost: 16:0, present_repCost: 16:0);

End;End;

--’);WritelnC-

Close(director);

Writeln( ’ name’:5, ’ year’: 10,
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Writein;

Writeln(’Do you want to make any corrections ?:( 1:YES, 2:NO )’); writcln;

Writc(’< Enter > choice number:’);

Rcadln(Choicc);

IF Choice = 1 then begin

Correction_2;

End

ELSE

Writein;

Writeln(’Excellent; Keep on!’);

End;

(git**#***************************************************)

Procedure Share_cost(st,sq,sr,IC:areas;var ICj, sum :real;

nuin:integer);

(ip***********#*****************************************)

Var

Canal :string[20);

LT: real;

Begin

Assign(Directory,’A:Input_l.pas’);

Reset(directory); Writein;

Writef <Enter> Canal name:’); Readln(canal); Writein;
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Writc(’< Enter > Seasonal canal losses(m3):’); Readln(losscs); Writein;

Writef <Enter> How many areas served by the canal:’); Readln(Area); Writein;

For i : = 1 to area do begin

With individual^] do begin

Writef < Enter > Area component number:’);Readln(num); Writein;

Write(’< Enter > Canal length to this area(km):’); Readln(Length); Writein;

Seek(directory, num);

Read(directory, individual!}]);

With individual!!] do

IR : = Water_Requirement * Length;

st[i] := ir;

End; end;

Begin

sum := 0;

For i : = 1 to area do begin

sum:= sum + st[i];

end;end;

Begin

Ass ign(Director, ’ A: input_2. pas ’);

Reset(Director);

Writef <Enter> Intake component number:’);

Readln(num);

For i : = 1 to area do begin
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Seek(director, num);

Read(director, each[i]);

With eachfi] do begin

With individual^] do begin

ICj: = <(((st[i] *LOSSES)/SUM) + WATERREQUIREMENT)* Present_RepCost)/

s_waterDel;

st[i] := ICj;

End; end; end; end;

Begin

Writein;

Write(’<ENTER> major turnout component number:’);

Readln(num);

For i : = 1 to area do begin

Seek(director, num);

Read(director, each[i]);

With each[i] do begin

With individual^] do begin

MTC : = Watef_Requirement * Present_RepCost/S_WaterDel ;

sq[i] := MTC;

End;End; end; end;

Writein;

WritelnfHint: < Enter> Negative number if the area is not served by minor

structure.’);
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For i : = 1 to area do Begin

Writef <Enter> Minor structure component number serving the area:’);

Readln(num);

If num > = 0 then begin

Seek(dircctor, num);

Read(director, each[i]);

With each[i] do

With individualfi] do

TC := Water Requirement

End

ELSE Begin

TC := 0;

End;

sr[i] := TC;

End;

Begin

Writein;

WriteC <Enter> Lifetime horizon of the structures:’);

Readln(LT); writein;

IC[i] := 0;

For i : = 1 to Area do begin

IC[i] := IC[i] + st[i] + sq[i] + sr[i];

End; End;

* Present_RepCost/S_WaterDel ;
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For i : = 1 to area do begin

AC[i] (Exp(ln(r/100) LT*ln(l+(r/100))+ + ln(IC[i])

In((Exp(LT*(In(l + (r/100)))))- l)))*(Fact);

0MC[i] := 0.029 * Fact*IC[i];

End;

Close(directory);

Close(director);

End;

(«***********************************)

Procedure Water_RightCost(tb:reaI);

(*«*«*««**«**«**********************)

Var

AF,RT:real; WR:integer;

Begin

Assign(director,’A:Input_2.pas’);

Reset(director);

Writef <Enter> Water right application fee:’);Readln(AF); Writein;

Writef < Enter > Rate paid by users per 1000 cubic meters of water annually

(Tshs):’);

Readln(RT); Writein;

Write(’<ENTER> Intake component number:’); Readln(WR);

Seek(director, WR);



131

Read(dircctor, each[i]);

With each[i] do

WRC := (AF + (RT*S_\vaterDel)/1000)*Fact;

End;

( ****** sjs * * * * ** ** **** ************* * ***** **** ** 41 * ********* J

Procedure summation(var TB:reaI;num:intcger;sa:areas);

(******************************************************)

Begin

Assign(Directory, ’A:Input_l.pas’);

{$I-}Reset(directory){$I + };

i := lOResult;

IF i < > 0 Then begin

Writeln(

Writeln(’Please investigate and run the program again.');

End

ELSE

Begin

TB : = 0;

While not eof(directory) do begin

Read(directory, individual^]);

With individual^] do begin

sa[i] := Area_size;

’**FiIe A:Input_l.pas is missing or damaged.’):
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TB := TB + sa[ij;

Encl; Encl;End;

Close(directory);

End;

($*«**$*##««********«*«*****#$***************************)

Procedure sumsum(var SM:Real; area:integer; PIW : Areas);

>i> **«* ft**** ******* *)

Begin

SM := 0;

For i : = 1 to area do

SM := SM + PIW[i];

End;

sk* K* *>l':|'*** ■k*#*# 4 «*>!<* ft** *********■!'** ****** )

Procedure Price_IrrWater( sa:areas;area:integer;wrc,TB :

real);

(ikskik’kikik’kikik’k’k’k’k’kik’k*********#**#*****************#********)

Var

Comp_num: integer;

Begin

Assign(Directory, ’A:Input_l.pas’);

Reset(Directory); Writein;
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For i : = 1 to area do begin

With individual^] do begin

Writef <Enter> Area Component number:’);

Read 1 n(comp_nu m);

Seck(d i rectory, compnum);

Rcad(directory, individual^]);

With individual[i] do begin

sa[i] := Area_size;

Bcost[i] :=(sa[i]

TAC[i] : = (AC[i] + OMC[i] + Bcost[i]);

PIW[i] := (TAC[i]/sa[i]);

End;End;End;

Close(directory);

End;

(******************)

Procedure AddData;

(******************)

Begin

Assign(DataSum, ’A:Input_3.pas’);

Rewrite(DataSum);

With individual [i] do

SumSum(SM, Area, PIW);

* WRC)/TB;
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Writc(DataSu in, ind ividual [i]);

Close(DataSuni);

End;

(*******************)

Procedure AddDatal;

( * * * * He * lit * * * * * * * * * * * *)

Begin

Assign(DataSum, ’A:Input_3.pas’);

Reset(DataSum); Seek(DataSum, Filesize(DataSum));

With individual^] do Sumsum(SM, Area, PIW);

Write(DataSum, Individual^]); Close(DataSum);

End;

(* ** * ******* * ** * ** *** * * * ***# Me*# KI****** ***** ******** *)

Procedure total(var tot:Real; i,counter,blocks:integer;

sb: areas);

(************#*********#*********###*#####M|######*##M’*sle*^

Var

surreal;

Begin

Assign(DataSum, ’A:Input_3.pas’);

{$!-} Reset(DataSum) {$14-};
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i := lOResult;

IF i < > 0 Then begin

Writeln(’**File A:Input_l.pas is missing or damaged.’);

Writeln(’Please investigate and run the program again.’);

End

ELSE

Begin

Tot : = 0; counter : = 0;

While not eof(DataSum) do begin

With individual^] do begin

Read(DataSum, individual^]);

Counter := counter + 1;

sb[i] := SM;

Tot : = tot + sb[i] ;

End; end; END; Close(dataSum);

Mean : = Tot/blocks; End;

^«>|c>itHiM<*>ii***«*>i<*>i<>k>i<>l<*>|i*>i»l<*>|c>ii********>l<***i|»ii**************^

Procedure SaveData (area:integer; OMC,AC,PIW,Bcost:areas;

WRC:Real; name:string);

(^fc*##******#*#****#*#**********************************)

Begin

Assign(Filename, ’A:YourFile.pas’); Rewrite(Filename);
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Writeln(Filcname,’ IRRIGATION SERVICE FEES IN namc:16);

Writeln(Filcname, ’• ’);

Writeln(Filcname, ’ Area Name’: 10,’ OMC ’:12,’ WRC ’:12, ’ISC ’:11,

’PIW *:13);

Writeln(Filename,’ (T.shs)’:18,’ (T.shs)’:12, ’ (T.shs)’:10, ’(T.shs/ha)’:14);

WriteIn(Filename, ’

Assign(Directory, ’A:Input_l. pas’);

Reset(Directory);

For i : = 1 to area do begin

With individual^] do begin

AC[i]:12:0,

PIW[i]:12:0);

End; END; Close(directory);

Close(Filename); END;

(sic#***####**********************************************)

Procedure FileJExtention (OMC,BCost,AC,PIW:Areas;

area: integer);

(#>fc1!<#**>ji***>i‘******************** ****************)

Begin

Assign(Filename, ’A:YourFiIe.pas’);

Append(Filename);

Assign(Directory, ’A:Input_l .pas’);

Writeln(Fiiename, Area_name:6, OMC[i]:17:0, BCost[i]:12:0,
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Reset(Di rectory);

For i : = 1 to area do begin

With individual^] do begin

Writcln(Filename, Area_namc:6, OMC[i]:17:0, BCost[i]:12:0, AC[i]:12:0,

PIW[i]:12:0);

End; End; Close(directory); CIose(Filename);

End;

^«#^c**«#>iciic***i|>************* >i<******>|< He**##*******)

Procedure MeanValue(Mean: Real);

(sje s-e He sje s-c He He sfc s-e >}s He He H< $ H« He H< He He He H< s-eH: H< He s-e s-c s-c j-c s-e He He He He He He age He He * a|c He He $: s|c 4c)

Begin

Assign(Filename, ’A:YourFile.pas’);

Append(Filename);

WritelnfFilename,

Writeln(Filename,’Seasonal/Annual mean price of irrigation water in’, name: 16,’

is ’, Mean: 8:0, ’ (Tshs/ha) ’);

W r iteln(F ilename);

Where:’);Writeln(Filename, ’

OMC = Operation and maintenance cost;');Writeln(Filename,’

WRC = Water Right cost;’);Writeln(Filename, ’

ISC = Irrigation structures cost;’);Writeln(Filename,’



138

Writeln(Filename,’ PIW = Price of irrigation water;’);

CIose(Filename);

End;

** fc***** Ht ** ******** * ♦)

Procedure EndJProgram;

(tic*** ft**# ******’Sok** *#>!<>!<)

Begin

WRITE(CHAR(7),CHAR(7),CHAR(7));WRITELN;WRITELN;

WRITE(’H’);Delay(200); WRITE(’E’);Delay(200); WRITE(’R’);

DeIay(200);WRITE(’E’);Delay(200); WRITEC r); DeIay(200);

WRITEC S’);Delay(200); WRITEC T’); Delay(200); WRITE(’H’);

Delay(200);DeIay(200);WRITE(’ E’);Delay(200);WRITE(’E’);

WRITE(’N’);Delay(200);WRITE(’D’);Delay(200); WRITEC O’);

Delay(200);T’);DeIay(200);WRITE(’F’);Delay(200);WRITE(’

WRITE(’H’);Delay(200); WRITE(’E’); Delay(200) ; WRITEC P’); Delay(200);

WRITE(’R’); Delay(200); WRITE(’O’);Delay(200); WRITE(’G’); Deiay(200);

WRITE(’M’);Delay(200);WRITEC A’);WRITE(’R’); • Delay(200);

WRITELN;WRITELN; WRITELN(’GO TO FILE NAME A: YOURFILE.PAS

FOR RESULTS.’); WRITE(CHAR(7),CHAR(7),CHAR(7));End;
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Procedure Repetition(VAR IC:areas);

( ** * **** ***** ***** * * ******* ** ****** *)

Var

Choice: integer;

Begin

Writein;

Writeln(’Do you have another canal to consider?’);writeln;

2: NO’);writeln;Writeln(’ 1: YES

Write (’<ENTER> choice number:’); Readln(Choice);

IF Choice = 1 then begin

Share_Cost(st,sq,sr,ic,icj,sum,num);

Price_irrWater(sa,area,WRC,TB);

AddData l; File_Extention(OMC,BCost,AC,PIW,area);

Repetition(IC);

End

ELSE

Writein; Writeln(’....PLEASE WAIT....’);

End;
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Procedure Start_Program(i:intcger);

Begin

For i : = 1 to 2 do begin

WRITE(CHAR(7), CHAR(7),CHAR(7));

End;

WRITELNC ’);

WRITELN(’WELCOME TO IRRIGATION SERVICE FEES COMPUTER

MODEL.’);PROGRAM

’);WRITELNC

WRITELNCWRITELN;

WRITELNCTHE MODEL DETERMINES THE REQUIRED ANNUAL/

SEASONAL IRRIGATION’);

WRITELNC WATER PRICE TO BE PAID BY IRRIGATION WATER USERS

IN A FARMER-’);

WRITELNC MANAGED IRRIGATION SYSTEMS IN TANZANIA AND THE

COUNTRIES ALIKE’);

’);WRITELNC

End;
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( *** * ******** *** * * * * * * ** * ***** ********* *)

(**MAIN BODY OF THE PROGRAM STARTS HERE**)

(***********************************$*:(,*)

BEGIN

CLRSCR;

Start_Program(i);

Create_data_file;

Read_data 1 (i, counter);

StructureCost;

Read_data2;

Share_Cost(st,sq,sr,ic,icj,sum,num);

Water_rightCost(tb);

Summation(TB, num, sa);

Price_IrrWater(sa,area,WRC,TB);

SaveData(area, OMC, AC, PI W, Bcost, WRC, name);

Add Data;

Repetition(IC);

Total(Tot,i,counter,blocks,sb);

MeanValue(Mean);

EndJProgram;

Pause;

END.


