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ABSTRACT

This research is conducted to develop an irrigation fee policy

for the Upper Pampanga River Project in the Philippines. Project costs

and benefits have been determined and benefit-cost ratios computed for

the different phases of the project and for different combinations of

phases. The different phases of the project include the Upper Pampanga

River Project, the power phase, the Aurora-Perfaranda Irrigation Project,

and the Tarlac Irrigation Systems Improvement Project. The internal

rate of return has also been computed in some instances.

In this analysis, the irrigation benefit has been evaluated

based on the world market price of rice and expressed in terms of "free-

on-board" (FOB) and "cost, insurance, and freight" (CIF). The power

benefit, on the other hand, has been based on the cost of an alternative

thermal plant.

Costs are then allocated to various purposes of the project

using the separable cost-remaining benefits method. Using the allocated

costs, benefit-cost ratios are again determined for irrigation and

power purposes.

Allocated irrigation benefits have been expressed on a per hec-

tare basis. The values obtained are used as bases for irrigation fee

assessment. Another basis for irrigation fee assessment--the capability

of the farmers to pay--turned out to be negative under 1975 circumstances.

The farmer's capability to pay was based on a survey of more than 100



xi

farmers for the two crop seasons in 1975. However, at full project

development when the potential benefit has been realized, farmer-users

should be able to pay all the irrigation costs.

While the irrigation fee has just been increased to 300 kg of

paddy/hectare/year, which at present is equivalent to 14330/hectare/year,

the research indicates that the National Irrigation Administration

should retain this assessment for about five years for the following

reasons.

1. Additional irrigation fees should not be assessed the farmers

since percentage of collection dropped as a result of the re-

cent increase in charges. Further, on the basis of the farm

budget analysis for 1975, the living expenses of a farm

family are greater than the net farm income.

2. Increasing the irrigation fee at this stage is not compatible

with the government program of self-sufficiency in food

production.

3. Decreasing the irrigation fee is not a sound policy either,

since at the present rate there is already a heavy government

subsidy. If warranted, further subsidies and incentives

could be better accomplished through agricultural reforms,

agricultural extension programs, medical and health care,

and other government programs.

4. Repayment of the foreign loan is approximately covered by

the present irrigation fee charges if all the farmers pay

their irrigation fees.
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The present percentage of collection rate leaves much to be de-

sired. On this basis, several irrigation fee collection alternatives

have been investigated. The alternatives that hold promise include the

involvement of the Irrigators' Groups, the credit agencies, and the

municipal treasury offices.



CHAPTER 1

INTRODUCTION

The National Irrigation Administration (NIA), a Philippine gov-

ernment agency, has the authority to collect fees from beneficiaries of

irrigation systems under its administration as may be necessary to cover

the cost of operation, maintenance, and replacement, and to recover con-

struction costs within a reasonable period of time. Irrigation fees on

the national irrigation schemes are now levied at the rate equivalent to

about n75/ha/yr. In special projects like that of the Upper Pampanga

River Project (UPRP), it is about 16330/ha/yr for two cropping seasons.

The rate during the last ten years was IMO/ha/yr. As a result of this

increase in irrigation fees, collections dropped from the 50% national

average to as low as 25% in one district of the UPRP. Similar trends

are experienced in other districts. Collections before the increase in

rate was about 85% average for the whole UPRP.

This increase in the irrigation fee was recommended and approved

by the President of the Philippines in late 1974. It has also been rig-

orously explained by the NIA Administrator to everyone concerned. The

reason given was primarily the increased operation and maintenance costs

and investment costs during the last few years. With 100% collection,

this new irrigation fee would certainly cover operation, maintenance,

and replacement costs and a portion of the fixed costs for the UPRP.

1
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According to Weschler (1968) those who benefit by water resource

project development should defray costs unless there is a good reason

for income redistribution. This should be under the provision that such

benefits are practically assessable and that enough incentives are left

for beneficiaries to participate in resource development (Ciriacy-

Wantrup, 1964b).

Water pricing must be a complicated matter so that one whole

conference has been devoted to dissect and view it from every possible

angle (Pillsbury, 1968). Johnston (1968) dealt with the role of the

economist in water pricing, McDonough (1968) discussed the legal con-

straints, Skinner (1968) discussed the planning role of water agencies,

Beckett (1968) expressed the viewpoint of an accountant in water pricing

policy. The consumer's viewpoint (Doe, 1968) and the bond house view-

point (Inglis, 1968) have also been discussed. According to Engelbert

(1968), water pricing involves far more than technical or market place

valuations. Comprehensively viewed, water pricing is a social decision-

making process which embraces all forms of analysis and measurement that

social institutions now employ. According to him, an integrated meth-

odology has not yet been developed for policy decision-making on water

pricing.

Dobbs and Huff (1974) utilized various criteria such as effi-

ciency, equity, revenue-raising ability, and administrative feasibility

to assess reimbursement mechanisms.

Brown and McGuire (1967) developed a model for determining

the socially optimum price to charge differentiated irrigation districts

for both surface and groundwater supply.
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1.1 Objectives of the Study 

The principal aim of this research is to develop a scheme of

irrigation fee policies for the Upper Pampanga River Project. To attain

this goal, the project costs, project benefits, and the capability of

the farmer-users to pay are investigated. Specifically, the objectives

are:

1. To determine the investment costs as they are affected by the

discount rates and the exchange rates between the peso and the

dollar.

2. To determine the project benefits as they are affected by the

extent of cultivated area and the value of farm produce.

3. To determine the benefits of fully irrigated areas depending on

whether they were fully irrigated, partially irrigated, or

rainfed before the installation of the project.

4. To determine the allocated costs of the project for irrigation

and power generation purposes.

5. To determine the cost of water.

6. To determine an equitable irrigation fee.

7. To devise a scheme of irrigation fee collection.



CHAPTER 2

PROJECT DESCRIPTION

The Upper Pampanga River Project is located in the Central Luzon

Basin (Figure 2.1). The basin covers approximately 1.8 million hectares

in eleven provinces (Nueva Ecija, Pampanga, Bulacan, Tarlac, Pangasinan,

La Union, Nueva Vizcaya, Zambales, Quezon, Rizal, and Mountain Province).

More than 85% of the area lies in the provinces of Nueva Ecija, Pampanga,

Bulacan, Tarlac, and Pangasinan. About 800,000 hectares of potentially

irrigable lands are located in these five provinces.

Precipitation within the basin can generally support wet season

crops; however, dry season planting is next to impossible without irri-

gation. As a result, production in areas without irrigation facilities

is confined mainly to the rainy season. Wet season production generally

has a lower yield. The crop is susceptible to typhoon and flood damage

and there is a lower amount of solar radiation during the rainy season

for photosynthetic activity of the plants.

Irrigation in some sections in the basin is provided by direct

river diversions without any means of flow regulation. Generally, dry

season irrigation in these systems is only 30-40% of the wet season area.

A need for river basin development therefore becomes apparent primarily

to alleviate rice deficiencies. In addition, the construction of multi-

purpose reservoirs will likewise mitigate flood damages in agricultural

and urban areas.

4
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Figure 2.1. Project Location.
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2.1 Background Information on UPRP 

The Philippine government embarked on a program of establishing

a water resources development for the Pampanga River and six other major

river basins in the country in 1962. This plan was completed four years

later with the submission of a feasibility report (U. S. Bureau of

Reclamation, 1966). A presidential body, the Upper Pampanga River Pro-

ject Coordinating Committee (UPRPCC), was then established to coordinate

project activities. This body, with the cooperation of other government

agencies, worked for the passage by Congress of the Upper Pampanga River

Project Act in 1969. This Republic Act authorized and provided funds

for the construction of Pantabangan Dam and appurtenant structures and

irrigation service facilities. Subsequently, the International Bank

for Reconstruction and Development (IBRD) approved a loan to the

Philippine government to finance the foreign exchange requirement of

the project. The UPRP Act was later amended by a Presidential Decree

in 1972 to increase funding and widen the scope of activities.

Additional foreign loans have been approved at later dates to

finance the dollar component of the power phase, Aurora-Perraranda Irri-

gation Project (API?) and the Tarlac Irrigation Systems Improvement

Project (TISIP).

2.2 Various Phases of UPRP 

The Upper Pampanga River Project is located in Central Luzon,

the most important rice-producing region in the Philippines. Whereas

only 17% of the country's rice-producing area is in the region, it
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yields about 25% of the total production. Its contribution to total

production is projected at over one-third in five to ten years, largely

as a result of the installation of the new irrigation systems in the

area.

For purposes of this study, UPRP Phase I includes Divisions I,

II, and III which covers 83,000 hectares. This was the first portion

of the whole project. Frequently references to UPRP are only to Phase I.

UPRP Phase II is the Aurora-Penaranda Irrigation Project (APIP),

which services Division IV covering 25,000 hectares. UPRP Phase III is

the Tarlac Irrigation Systems Improvement Project (TISIP), which ser-

vices Division V, covering 34,000 hectares. UPRP or Phase I, APIP,

TISIP, and the power phase are the ones considered in this analysis.

2.2.1 UPRP Phase I

The project consists of 83,000 hectares in the province of Nueva

Ecija. Agricultural lands in the project area were devoted mainly to

rainy season rice cropping. About 50,000 hectares were partially irri-

gated during the wet season. While double cropping of rice is practiced

in various parts of the country, only about 14,000 hectares were double

cropped due to the absence of a dependable dry season water supply. One

of the major constraints in agricultural production was the rainfall

pattern. Rice was being planted to grow during the wet season, and

there was insufficient rainfall to support a second crop.
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Large parts of the project area are suitable for year-round pro-

duction of rice with some portions suitable for dry season irrigated

diversified crops. The land classification conducted by the National

Irrigation Administration and U. S. Bureau of Reclamation (1971) identi-

fied more than 94,000 hectares well suited for two crops of irrigated

rice and some 6,700 hectares of land well suited for year-round produc-

tion of diversified crops.

The project would provide a dependable water supply for year-

round cultivation of 79,000 hectares and an additional 4,000 hectares

during the wet season only. Lands below the dam site in the provinces

of Nueva Ecija, Pampanga, and Bulacan would be provided with flood pro-

tection. Some 486 million cu m of reservoir volume has been provided

for that purpose. The project includes:

1. an earth and rockfill dam and reservoir at the Pantabangan site,

2. resettlement of more than 2,000 families in the reservoir site,

3. rehabilitation of existing irrigation systems serving about

50,000 hectares during wet season and 14,000 hectares during

wet and dry season,

4. construction of new irrigation systems to serve about 33,000

hectares,

5. construction of feeder roads and operation and maintenance

facilities,

6. land classification of the irrigation area.

The Pantabangan Dam is located in a canyon section of the

Pampanga River just downstream of the confluence of the Pantabangan
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and Caranglan Rivers, about 10 km north of the town of Rizal. The res-

ervoir has a storage capacity of 2.4 billion cu m.

The main water supply for the project would come from the Pam-

panga River regulated by storage at the Pantabangan reservoir. Unregu-

lated flows from two major tributaries, the Digmala and Coronel, would

also be available for project use. Water requirements for the project

were based on two crops of rice each year.

Flood waters in the project area come from heavy rainfall and

from runoff from the mountain areas above the dam. To control the lat-

ter source, the reservoir includes a provision for flood control.

2.2.2 UPRP Phase II

The Aurora-Periaranda Irrigation Project is an extension of the

UPRP. It consists of two main features, an irrigated area of 25,000

hectares and a transbasin diversion scheme which would divert water from

the Aurora watershed into a tributary of Pampanga River. The additional

water would augment the Pantabangan releases and would permit additional

dry season irrigation in the PeTaranda area, some 75 km away from the

Canili and Diayo Dams. Rainfall and wet season flows in the PeRaranda

River and adjacent streams would be sufficient to irrigate 25,000 hec-

tares. The diverted water during the rainy season, which would be

stored in the Pantabangan reservoir and released during the dry season,

would provide sufficient water for dry season crop cultivation in the

whole area. The principal features of the project include:

1. Construction of two earth and rockf ill dams on the Canili and

Diayo Rivers in the Aurora basin with two diversion channels,
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one to connect the two reservoirs and the other to divert the

water into the Pampanga River basin.

2. Improvement of Pampanga-Bongabon diversion dam and canal con-

nection up to Periaranda diversion dam.

3. Rehabilitation of existing irrigation and drainage systems for

17,000 hectares and construction of new irrigation and drainage

systems for 8,000 hectares.

4. Upgrading existing roads and construction of new ones.

The Canili and Diayo Dams and reservoirs located about 20 km east

of Pantabangan Dam would not allow significant storage but would provide

the elevation to divert the water. River and flood flows would be passed

by a transbasin diversion channel into the Degoliat River, a tributary

of the Pampanga River, and would flow into the Pantabangan reservoir.

It has been estimated that this transbasin flow would increase electric

energy generation by 10%, with the capacity remaining essentially the

same.

2.2.3 UPRP Phase III

The Tarlac Irrigation Systems Improvement Project covers some

34,000 hectares located mainly in the province of Tarlac with a small

portion in Pangasinan. The project area includes 20,650 hectares of

rice lands in the existing Tarlac River Irrigation System, the San

Miguel-O'Donnel River Irrigation System, and the Camiling River Irriga-

tion System. In addition, the systems would be expanded to include a

further 13,350 hectares of currently rainfed rice lands.



11

Of the 20,650 hectares in the three existing irrigation systems,

only 4,650 can be irrigated during the dry season because of low flows

in the Camiling, O'Donnel, and Tarlac Rivers.

TISIP includes the rehabilitation of the three existing irriga-

tion and drainage systems now serving a total of 20,650 hectares. Ade-

quate control structures and turnouts would be provided on the canal

systems for efficient water control and delivery. These systems would

be extended to serve an additional 13,350 hectares. About 55 km of roads

would be constructed. After completion TISIP would irrigate a total of

34,000 hectares during the wet season and 6,200 hectares during the dry

season.

In the feasibility report prepared by the National Irrigation

Administration (1974) the project would include groundwater exploration

to evaluate storage capabilities, recharge, and discharge as well as

groundwater movement. The project would likewise determine the tech-

nical and economic feasibility of dry season rice irrigation by ground-

water pumping in conjunction with surface water irrigation.

2.2.4 UPRP Power Phase

This phase is one of the major components of UPRP. It is a

joint undertaking of NIA and the National Power Corporation (NPC). This

project is envisioned to develop the power potential inherent in the

Pantabangan Dam by making use of the available head and water releases

for irrigation. The power to be generated will be fed into the NPC

Luzon Grid System. This will add some 30 mw of dependable capacity and

229 mwh of annual energy to the system.
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Two units of 50 mw each are being installed in a surface power

house at the foot of the dam below the outlet of Tunnel No. 2. Tunnel

No. I will remain as an irrigation outlet until diversion from an adja-

cent watershed, such as the Casecnan Project, is realized; then it will

become a power tunnel for two additional units.

A switchyard is being constructed adjacent to the power house

with two transformers and associated switching equipment. The Luzon

Grid is being extended with the construction of a 230 kv double-circuit

transmission line of about 23 km to connect the Pantabangan plant to the

existing Luzon Grid.

A re-regulation dam has been built downstream from the plant to

regulate river flow for irrigation purposes. The reservoir would have a

storage capacity sufficient to permit daily regulation of water releases

from the power plant.

NPC hydropower plants (Caliraya, Ambuklao, Binga, and Angat) with

a total rated capacity of 419 mw do not have sufficient reservoir capac-

ity for seasonal operation. Firm capacity during the dry season

(December-June) is reduced to only 302 mw compared to 427 mw during the

wet season. While these hydropower plants are losing their capability

during the dry season, Pantabangan hydropower plant is building up its

capability. Irrigation releases from the reservoir during the dry

season with its consequent power generation will perfectly complement

the existing NPC hydropower systems.

The power phase is being implemented by the NIA through its

UPRP office. This was deemed appropriate to avoid duplication of
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facilities and organization. This will likewise maximize the use of

equipment and personnel at the project site. However, the power phase

facilities will be turned over to the NPC, which will operate it after

the completion of the project.

2.3 Supporting Agricultural Services 

The UPRP has an Agricultural Development Department (ADD) which

coordinates the work of the various agencies providing services to the

farmers. In addition, ADD conducts studies on water management, ferti-

lizer rates, and socioeconomic aspects of rice production. This office

coordinates water deliveries to the four districts. ADD is also provid-

ing training programs for UPRP water management technologists.

Agricultural extension services are being provided by a number

of government agencies. The principal extension workers are farm man-

agement technicians, home management technicians, and rural youth of-

ficers. However, to deal with the requirements of the land reform

program and double cropping in the area, the number of extension workers

has to be increased and the quality of their training improved. This

increase would give an "extension worker to farmer ratio" of 1:200 by

1980. Training programs would also be provided.

The Maligaya Rice Research and Training Center (MRRTC) is situ-

ated within the service area. The center is engaged mainly in rice re-

search in the fields of breeding and selection, fertilizer requirements,

pest and disease control, water management, and processing and storage.

MRRTC also works on seed production, certification, and testing for rice

and other crops. The center has training facilities that are 
already
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used for the training of UPRP extension staff. Both the MRRTC and UPRP

work closely with the International Rice Research Institute (IRRI) and

the College of Agriculture at Los Baros in connection with their research

activities.

Higher cropping intensity resulting from the project would re-

quire a large increase in credit. As part of the land reform program,

the government has strengthened the credit institution and eased credit

to the farmers. A system of supervised credit is being used which in-

cludes the provision of technical services to the farmer-borrower to

insure that recommended practices such as high yielding varieties, ferti-

lizer, and agrochemical inputs are adopted. Under the system there is

no collateral requirement. Both the rural banks and the Philippine

National Bank are very active in providing production credit to the

farmers.

2.4 Training of Farmers and UPRP Personnel 

Farmers within and outside of the service area are continuously

trained to improve their farming skills. The fifth "on the air training

program" for thousands of farmers was just completed in April, 1976.

Through these radio programs, farmers learn about various aspects of

farming which includes water management in the rotational irrigation

procedure which will be implemented in the UPRP service area. They also

learn about techniques in the control of diseases and pests, the cul-

ture of high yielding varieties, chemical fertilizer and organic matter

application, timing of land soaking and land preparation, planting, and

many other cultural practices.
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There is also a training program for water masters and water

tenders. A program for water management technologists who are fresh

graduates of agricultural colleges includes •both classroom and field

experience. The first phase of the training program is essentially a

field exposure to the area to which they are assigned. They get ac-

quainted with the farmers and attend their meetings. During this four-

week period the water management technologists assume the work of the

water tenders. This is followed by a three-week classroom seminar about

water management, crop production, and human relations. The third phase

of the program is on-the-job training for one crop season. They orga-

nize irrigators' groups and do extension-type activities in rice produc-

tion. After the harvest season the trainees are brought back to the

center for a two-week group discussion and evaluation program involving

trainees and trainers. Plans for the coming season are then prepared

and they are then assigned to their respective areas for another season

of field experience. After the season there is a final evaluation and

planning for actual operation in the field.

Some of the middle and higher level personnel of UPRP have also

been provided with training programs either locally or abroad. A three-

month Project Manager's Course was completed in June, 1976. Forty-three

personnel from NIA, six of whom came from UPRP, participated in this

training program at the Asian Institute of Management. Plans are also

afoot for the second Project Manager's Course in this training 
program

at the Asian Institute of Management. The second group will be composed

of division chiefs of various special projects and regional offices.
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Several UPRP personnel have also had the opportunity to pursue

graduate training abroad. Two senior staff members of UPRP are expected

to complete the requirements for their Ph.D. degrees in water resources

administration at a leading U. S. university toward the end of 1976.

Two or three additional UPRP staffers are slated to pursue their respec-

tive Ph.D. degrees abroad in late 1976 and early 1977. Areas of special-

ization include water management, agricultural economics, and

developmental planning.



CHAPTER 3

METHODOLOGY AND LITERATURE REVIEW

3.1 Project Costs and Benefits 

The U. S. Federal Inter-Agency Committee on Water Resources

(1958) defines project costs as the value of the goods and services

(land, labor, and materials) used for the establishment, maintenance,

and operation of the project together with the value of any net induced

adverse effects whether or not compensated for.

Associated costs are the value of the goods and services needed,

over and above those included in the project costs, to make the immedi-

ate products or services of the project available for use or sale.

These are the costs which are incurred by the primary beneficiaries of

a given project, which must be made in order to realize the full value

of the benefits.

Primary project benefits or primary benefits are the value of

products or services directly resulting from the project, net of all

associated costs incurred in their realization.

Attributable secondary benefits are the secondary benefits at-

tributable to a project from a national point of view and are the values

added over and above the value of the primary benefits after taking ac-

count of the expected conditions throughout the economy with and without

the project.

17
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Project benefits for purposes of economic evaluation from a

national public point of view are the sum of the primary project bene-

fits and the attributable secondary benefits.

Ciriacy-Wantrup (1964a) suggested very strongly that all classes

of secondary benefits be excluded from economic analysis if the problem

area is project selection. As Maass (1965) puts it, secondary benefit

in project analysis is in fact in support of an objective other than

efficiency.

Historical or sunk costs such as those incurred during investi-

gation, survey, and planning prior to authorization of the project are

not relevant in benefit-cost analysis and could not possibly weigh in

favor of one course of action as opposed to another. They are not rele-

vant as a factor in the decision regarding authorization (Watson, 1964).

Cost incurred prior to authorization is, however, included in cost allo-

cation and repayment studies (Mozayeny, 1963).

The costs of using economic resources for a particular project

is the value of the economic benefits foregone by not utilizing the re-

sources in the next best or alternative use to produce the desired goods

and services. Production of these goods and services by the water re-

source projects is dependent upon the expenditure of economic resources.

When goods and services are utilized for any purpose the economic effect

of that action is to preclude their use of other purposes.

Under full competition and full employment there are other uses

for the goods and services used in a water resource system and it may be

reasonably assumed that the goods and services used in the project 
are
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diverted from other uses. Their productive value would then be equal

to the prices paid for them.

When there are no alternative uses for services for a

project, the economic cost of using them in a project does not exist.

This would be the situation in an undeveloped or developing country with

a fast rising population and low employment rate.

Investment costs represent the economic costs of the capital in-

vested in the project as of the end of construction period. Investment

cost is the sum of construction costs and interest costs during construc-

tion. Interest during construction (IDC) grows at simple interest. This

is an exception where normally economic studies are performed at compound

interest wherein the values are adjusted backward or forward in time using

a compounding growth or discount factor. The simple interest for IDC

results in a lower interest; however, the difference is not significant

when the total construction period is not unduly long (Glenn and Barbour,

1970).

Another view about IDC is that it is not treated as a cost to

the project. The reason advanced by Gittinger (1972) is that the economic

analysis estimates a kind of average return to the project over its en-

tire lieftime from the beginning through the construction period and on

as implementation proceeds to the end of the project life.

There should not be any confusion about whether IDC is a cost to

the project or not. What actually happens is that lending institutions

normally add the interest due during construction to the principal of the

loan and borrowers are not required to pay any interest until the project
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begins to operate. The borrower then pays the loan back which includes

the principal and the entire interest due.

Project benefits are the combined result of increases in produc-

tion, reduction in costs, and the advantageous effects of time and cer-

tainty of income or cost accrual. The increase in net gain with the

project over that without the project constitutes the benefits of the

project. Benefits are not derived from comparisons before and after

completion of a project. Project benefit refers to the difference be-

tween the expected benefit of future with project and future without

project.

Benefits derived from water resources development differ among

project purposes and their measurement varies with the economic condi-

tion and national policy. Some benefits are difficult to evaluate but

they are all important considerations in determining project feasibility.

Such beneficial items may include economic growth and stability, saving

of lives, improvement in public health, increased employment, social

well-being, and other related benefits. The U. S. Water Resources

Council (1970) expresses benefits and costs in terms of the multi-

objectives as national economic development, environmental quality,

social well-being, and regional development. These four multi-objectives

were reduced to three and then finally to two objectives as national

economic development and environmental quality. However, measurements

of project impacts are to be made for the four-account system (Barbour,

1975).

Measurement of benefits is categorized according to project pur-

poses. Irrigation benefits come primarily from increases 
in value of
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farm output on the irrigated lands due to more intensive cultivation,

higher valued crops, and expanded acreage. Other irrigation benefits

assume the form of increased profit in food processing and handling,

settlement of people on new farms, improved living standards, and secu-

rity of the farm population.

Hydropower benefits are measured by the cost of the most eco-

nomic alternative source of equivalent power--for example a thermal

power plant. Value of power to user can be used when no alternative to

the proposed project exists. Hydropower plants have fringe benefits

such as no or less pollution as compared to thermal generation and con-

servation of nonrenewable energy resources.

The cost or benefit analysis of the alternative thermal plant

derives two components of power values--capacity and energy. The capac-

ity component represents fixed costs and the energy component represents

variable costs. After making appropriate adjustments for transmission

in order to evaluate both thermal and hydro plants at common points of

delivery, the capacity and energy values, respectively pesos/kw/yr and

centavos/kwh, are multiplied by the dependable capacity and average an-

nual energy to derive annual benefits.

The size of the alternative unit estimated is not necessarily

determined by the size of the hydropower plant being evaluated. The

size selected reflects that which would likely be added in the absence

of the hydropower unit. In some remote areas combination of small die-

sel power units may be the appropriate alternative on which to base

power values (Barbour, 1969).
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Benefits derived from a flood control project consist of the

damage prevented or minimized to existing and future flood plain property

that would exist in the absence of the project and increased productivity

of the flood plain.

Flood damage surveys for floods of different magnitudes, com-

bined with their frequencies, would yield probable damage caused by future

floods. The difference between the probable damage and the reduced dam-

age with protective works measures the benefits.

Benefits from municipal and industrial water supply accrue to

different classes of customers such as residential, commercial, and in-

dustrial. These benefits are measured by the estimated cost of the most

economical alternative or by the estimated value of water to user or the

price the user is willing to pay when such a measure can be deduced from

market information.

Recreation benefits are not easy to calculate but may be taken

as some measure of the number of vacationers and the amount a vacationer

is willing to pay for his enjoyment. Bollman (1968) provided an exten-

sive analysis of water-based recreation, although he did not arrive at a

benefit evaluation scheme acceptable for policy recommendation.

Field surveys may be conducted for the collection of necessary

statistical information from which benefit estimates can be made. While

there is no complete procedure, the best possible estimate of such bene-

fits is made for inclusion in the economic analysis of water resource

projects (United Nations, ECAFE, 1972). Gum and Martin (1975) presented

an improved methodology for estimating recreation values.
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Fish conservation benefits are realized through commercial har-

vest of fish and game which may be estimated from a budget of increased

cost and harvest values.

The benefits and costs included in this study that are expressed

in quantitative terms are listed below.

Costs:

a) Investment costs

h) Operation, maintenance, and replacement costs of irri-

gated areas and the hydropower operation

c) Increased cost of agricultural production

d) Cost of fish conservation, municipal water, and recre-

ation operations

e) Reservoir inundation

f) Anticipated drainage

Benefits:

a) Power benefits

b) Increased value of agricultural production

c) Benefits due to flood control, municipal and indus-

trial water supply, fish conservation, and recreation

Irrigation benefits are directly related to the areas covered

with water. There are estimates of areas for UPRP, APIP, and TISIP

during the wet and dry seasons at full operation of the project. How-

ever, there are some possibilities that these areas could not be fully

covered because of water deficiency and poor management. In a study

conducted in Central Luzon by Kampen (1970), he found out that overall
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efficiency of many irrigation systems reach 30-45%; or, as much as 70%

of water conveyed from the diversion dam is wasted.

Studies conducted in 1972 in a 30-hectare rehabilitated area

(provided with terminal facilities) within the UPRP, a field application

efficiency of water use was measured at 32%. It is estimated that over-

all project efficiency of water used would reach 47% (Cerdan, 1973).

It may be possible that because of improving technology in the

field of water management, irrigation efficiency will be increased,

thereby increasing the irrigated area. Studies in Pakistan (Clyma and

Corey, 1974) reveal that irrigation efficiency increased from as low as

12% to 63-85% by proper water management. At the same time water-logging

and salinity problems were greatly minimized.

Another possibility that would vary the size of the service area

is the variability of annual inflows. Under these considerations of

irrigation efficiencies and available water supply, the sizes of the

service areas are varied and these are reflected in the irrigation bene-

fits. The areas that have been considered are 110% and 110% of the esti-

mated wet and dry season areas, 100% and 100% of the wet and dry season

areas, 100% and 90% of the wet and dry season areas, and 100% and 80%

of the wet and dry season areas, respectively. The wet season area has

not been considered to go below the estimated value because rainfall is

sufficient to grow a crop. Irrigation is needed only to supplement

natural precipitation.
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3.2 Discount Rate 

Project costs and benefits occur at various times throughout the

life of the project and their comparison could be effected only when

their values are brought to a common time frame. Discount rates for

various projects differ because investments differ in risk. Some risks

are predictable with some degree of certainty, while others are not.

Allowances for predictable risks could either be added to the cost or

subtracted from the benefits. A risk component could be added to the

discount rate for the unpredictable risks. A widely used and strongly

recommended procedure is to carry out economic analysis at several rates

of interest for each project (Sewel et al., 1961).

The lower limit that could be set for a discount rate is the

interest rate of government bonds with maturity period equal to antici-

pated life (Howe, 1971). This is a risk-free investment and the rate is

estimated and adjusted as necessary to correct for market defects. An

upper limit could be the risk-adjusted discount factor which is approxi-

mated by the marginal internal rate of return for private companies en-

gaged in activities with comparable intensity and risks (Arrow and Lind,

1970).

Many countries think that the proper discount rate lies between

8% and 15% and the rule of thumb at 12% seems to be a popular choice

(Gittinger, 1972). For this project the Philippine government is paying

about 7% interest rate on the dollar component. Five discount rates

are used in these analyses which are 7%, 8%, 10%, 12%, and 15%. The

rate of 9% or 10% of government bonds is within this range. However,
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the rate for short-term loans from private commercial banks which goes

up to 18% or even more is outside of this range.

Use of a low discount rate increases optimum size of a project

and favors an earlier construction. Risks are increased when large

amounts of capital will be tied to projects which will not be fully

utilized.

A higher rate would preclude the justification of or have the

effect of discouraging construction of some projects. Some sectors felt

this would reinforce the attention given to the environmental quality

objective by inhibiting structural development that defaces the pristine

beauty of nature.

The discount rate in the United States during the fiscal years

1974 and 1975 were 5 5/8% and 5 7/8%, respectively. There is a provi-

sion that the rate cannot be changed more than one-quarter of one per-

cent for any year (Hanke, Carver, and Bugg, 1975).

The use of an appropriate discount rate in economic analysis is

very crucial. A rate that is too low may result in the waste of re-

sources on a project yielding less than satisfactory economic advantages

to the country. An excessively high rate, on the other hand, may leave

water resources undeveloped as compared to other aspects of the economy

(Marshall, 1960).

3.3 Inflation Rate 

There is a paucity of information in the literature about infla-

tion when dealing with project evaluation, although there was an unprec-

edented rate of inflation in many countries during the recent years.
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This situation has created a great deal of apprehension in various sec-

tors. Except for the works of Hanke, Carver, and Bugg (1975) and of

Howe (1971) from which this section draws heavily, other works (Gittinger,

1972; James and Lee, 1971) contain very superficial information about

inflation. Other good sources of information are those of Kuiper (1971)

and of Hirshleifer (1970).

To explain the approach in the economic analysis of water re-

source projects where inflation is reflected, let

P = present value of an investment

F = value of an investment at nominal (market) rate
of interest at the end of the period

f = value of an investment in the face of steady
prices (inflation-free) at the end of the period

R = rate of inflation for the period

I = nominal (market) rate of interest for the period

i = real rate of interest (inflation-free) for the
period

We now have the relationships:

f = P (1 + i)

F = f (1 + R)

and	F=P  (1 + I)

Substitution of Eq. (3.1) into Eq. (3.2) gives

F = P (1 + i) (1 + R) 	 (3.4)

Substituting Eq. (3.3) into Eq. (3.4) and simplifying, one obtains

(1 + I) = (1 + i) (1 + R) 	 (3.5)

Assume that a project has a sequence of annual construction

costs of Cl , C2 , . . ., Cn • Suppose 
that these costs have been computed
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based on construction period prices. The present value of costs in the

face of steady prices is given by

n c
PVC= E t 

t=1 ( 1+1-) t
(3.6)

Now suppose that a rate of general inflation exists, then the present

value of costs as calculated becomes

1,17	Ct (1+R) t

t=1	 (1+I) t

Substituting Eq. (3.5) into Eq. (3.7) gives

(1+R)t
PV = E 	

t=1 (1+i) t (l+R) t

(3.7)

(3.8)

Inflation terms in Eq. (3.8) cancel out and we are left with the same

expression as in Eq. (3.6). It can be seen that in the case of general

inflation, it does not matter if we use a discount rate containing no

inflation in discounting costs and benefits computed at construction

period prices.

3.4 Period of Analysis 

Project benefits and costs can be compared on the basis of pre-

sent values; however, the usual procedure is to compare average annual

equivalent values. Benefits and costs accruing annually are converted

to a time base which usually extends from the beginning of the period

of analysis to the economic life of the project. The economic life is

defined to end when the incremental cost of operation exceeds the in-

cremental benefit from the use of the project. The economic life may
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be shorter than the physical life due to technical obsolescence and

changing demands for services.

Actually the life of the project can be extended indefinitely

with proper maintenance of facilities and replacement of worn out parts,

but a period of 50 or 100 years is normally used. The period of analy-

sis for repayment studies of conventional water development projects in

the United States by law and policy is 50 years after project completion

(Glenn and Barbour, 1970).

In this study a maximum of 50 years is used since it is diffi-

cult to forecast with any great accuracy future events extending well

over this period of analysis. Besides, the present values of a distant

benefit or cost is quite small to alter decisions in project planning.

The present value of one thousand monetary units 100 years from not at

12% discount rate is only 0.012, at 7% discount rate it is 1.152. For

a period of analysis of 50 years these values are, respectively, 3.460

and 33.948.

3.5 Discounting Procedure 

Investment costs in this project extend from a few years in the

past to a few years in the future. The beginning of the year 1976 has

been arbitrarily chosen as the "present" so that costs incurred during

the years prior to 1976 are compounded and those incurred after 1976 are

discounted to determine their present values. Figure 3.1 shows the

relative times the peso and dollar components have been and will be in-

curred for UPRP, APIP, TISIP, and power phases.
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Figure 3.1. Years Investment Costs are Incurred.
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In economic studies where the time value of money is recognized,

investment cost items are assumed to occur at the beginning of the year.

Annual costs of operation, maintenance, and replacement and annual bene-

fits, on the other hand, are assumed to occur at the end of the year.

Actually, these annual values may be spread throughout the years; how-

ever, if they are assumed to occur at the end of the year, analysis is

greatly simplified with little loss of overall accuracy (Glenn and

Barbour, 1970).

The single-payment compound-amount factor indicates the number

of pesos which will have accumulated after n years for every peso ini-

tially invested at a rate of i percent. The present value of costs in-

curred prior to 1976, using the factor with the number of pesos p, is

given by

PV1 
= p (1 + i) n (3.9)

The reciprocal of the previous factor, called the single-payment

present-worth factor, indicates the number of pesos one must initially

invest to realize one peso after n years. The present value of costs

incurred after 1976 with the number of pesos f is given by

PV2 = 	f 
(1 + i) n

(3.10)

IDC is added to the sum of 1976 costs, PV1 and PV2 , to get the

total investment cost as of the beginning of 1976. 
This total is then

annualized and is used in the analysis as PV.
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The capital-recovery factor indicates the number of pesos one can

withdraw in equal amounts at the end of each of n years if one peso is

initially deposited. Using the capital-recovery factor, the annual

value of the present investment cost, PV, is given by

A = PV i ( 1 i) n 
(1 + i)n -1

(3.11)

The use of two currencies in this project necessitated conversion

of one to another, and in this study the Philippine peso is used as the

base. During these past few years there has been a wide fluctuation in

the exchange rate between the peso and the dollar. When construction

of this project was initiated in 1969, the exchange rate was 1 3.919 =

$1.00; in 1975, r7.248 = $1.00. The monthly exchange rates in 1975

range from r7.015 to r7.509/dollar (Central Bank of the Philippines,

1976b). Unless otherwise stated, the exchange rate that is used in this

study is r7.50 = $1.00.

In determining present values and annualized values of construc-

tion costs considering the peso and dollar exchange rates, the procedures

observed are:

1. The dollar component is converted to pesos at corresponding

yearly exchange rates. It is then added to the peso compo-

nent corresponding to the time they were spent. These con-

struction costs, expressed in pesos, are then discounted.

2. The dollar component is converted to pesos at r7.50/dollar.

It is then added to peso components corresponding to the

time they were spent. The peso costs are then discounted.
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3. The dollar component is given a premium value of 50%, a dollar

than becomes equal to Y11.25. Costs in pesos are discounted

as explained above.

The first procedure is done since the converted pesos from the

dollars is the amount it would have cost the Philippine government if

the dollar component had not been borrowed. The second procedure pro-

vides the conversion of the foreign component at approximately the

present rate of Y7.50/dollar. There is no dollar premium, unlike the

third procedure, wherein an additional 50% is added to the value of the

dollar (Daniel, Mann, Johnson, and Mendenhall, 1975). This premium is

provided, since the foreign exchange is very valuable in a country like

the Philippines with a balance of payment deficit.

In this discounting procedure the cost of the dam and reservoir

is separated from the cost of the irrigation system, since this is needed

in cost allocation.

The relative times power and irrigation benefits occur are shown

in Figure 3.2. Benefits from UPRP begin from 1976 and are assumed to

build up uniformly within ten years from which time it becomes constant

until the end of its economic life. A period of adjustment is necessary

for both system personnel and farmers before the full benefit of the

project is realized. Further, it would take some time before the full

complement of extension workers and farm management technicians are

fielded to assist the farmers in their field activities. On the part

of the system personnel water distribution has to be properly managed

to improve both the farm and the project water distribution efficiencies,
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Figure 3.2. Years Benefits are Realized.
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which at present are approximately 50% and 42%, respectively (National

Irrigation Administration, 1976). A large number of farmers have to

gradually shift from the traditional method of rainfed land cultivation

to irrigated agriculture. Hence, the maximum irrigation benefit is ex-

pected to be realized within a period of ten years. The same is true

for APIP and TISIP; however, the starting point is 1979. Power benefits

are assumed to be uniform beginning in 1979.

The present values of APIP, TISIP, and UPRP benefits are deter-

mined using the single-payment present-worth factor. If we have a se-

quence of annual benefits of B 1 , B 2' •

benefits is given by

	n 	 D
	PVB = E	 ut

( 1Wt=1

.	 Bn, the present values of

(3.12)

The annual value of these benefits is given by

A = PVB i ( l+i)n 	(3.13)

(1+i)" -1

3.6 Cost Allocation 

In the field of water resources management the term "cost allo-

cation" refers to the process of assigning to each purpose of a 
multi-

purpose project an equitable share of the total project cost. Oliver

(1972) described several approaches possible to the allocation of 
costs

of a multi-purpose structure. These various approaches 
are the alter-

native justifiable expenditure, the proportionate use of 
facilities,
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the priority of use, the benefit criteria, the equal apportionment, the

vendability, and the separable costs-remaining benefits method.

The step-by-step procedure in determining joint cost allocation

by proportionate use of facilities method and the alternative justifiable

expenditure approach are enumerated by Owen and Zingler (1958). The

separable costs-remaining benefits method proposed by the U.S. Federal

Inter-Agency Committee on Water Resources (1958), the most commonly

adapted, is an improvement of the alternative justifiable expenditure

method. This improvement is based on the premise that specific costs

do not properly measure the cost of including a particular purpose in

the project. This specific cost is termed separable cost; that is, the

added cost of including the purpose in the project or the cost that could

be omitted from the project if one purpose were excluded. Consequently,

only a portion of total joint cost is left unassigned, and this is known

as the remaining joint costs.

Strictly speaking, separable costs include more than the direct

or specific costs of physically identifiable facilities serving only one

purpose. They also include all added costs of increased size of struc-

tures and changes in design for a particular purpose. In effect, sepa-

rable costs are determined from a series of cost estimates with one

purpose omitted. Where separable costs are not available, and this

happens when project formulation did not follow recommended procedures,

specific costs may be used instead of separable costs.

Both the separable costs-remaining benefits and the alternative

justifiable expenditure methods require each purpose to share with the

joint costs and credit its purpose with a portion of the savings
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created by multi-purpose development compared with single-purpose devel-

opment. The alternative justifiable method is much more simple to per-

form. The separable costs-remaining benefits method is theoretically

preferred, particularly in cases where the separable costs are much

greater than specific costs for any or all purposes (Dominy, 1966).

The steps in determining joint cost allocation by separable

costs-remaining benefits method are as follows:

1. The benefits of each function or purpose are determined.

2. The alternative costs of single-purpose projects to obtain

the same benefits are determined.

3. The separable costs of each purpose or function are determined.

4. The separable costs of each purpose in the multi-purpose

project are deducted from the lesser of each function's bene-

fits or alternative costs. The lesser figure is used since

alternative cost is used only if it represents a justifiable

expenditure, i.e., does not exceed benefits.

5. Total separable costs are deducted from total project costs

to determine residual or joint costs.

6. Residual or joint costs are distributed in direct proportion

to the remainders found in step 4.

7. To determine the cost allocated to each function or 
purpose,

the separable costs and the distributed joint 
cost for each

purpose are added.

In the separable costs-remaining benefit method, equitable 
dis-

tribution may be obtained by preventing costs allocated to any purpose
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from exceeding corresponding benefits, by requiring each purpose to

carry at least its separable cost, and by providing for proportional

sharing of savings resulting from multi-purpose development. There is

a joint saving if the multi-purpose project cost is less than the total

separable costs.

Hall (1963) discussed cost allocation by a dynamic programming

technique. The method calls for the allocation of incremental cost to

a particular user who can produce the greatest benefit. However, allo-

cation is not in proportion to the benefit, but rather to the marginal

cost of providing that particular incremental unit of water. In this

technique, if the marginal cost is greater than the marginal net benefit

neither cost nor water is allocated.

Ciriacy-Wantrup (1964b) claims that optimal product combination

cannot be realized if the total project cost is determined and then al-

located to individual purposes. This product combination yields the

total cost which need not be allocated to determine economic feasibility.

Economic feasibility for each purpose is determined by the marginal

benefits and marginal costs of various purposes in the 
sense of partial

derivatives of the benefit-cost functions.

In summarizing his observations about cost 
allocations, Weber

(1968) claims that the practices appear to be based 
on workable concepts

but are beset with difficulties in application 
because there is a wide

range of assumptions to choose from with respect 
to purpose of alloca-

tions, proper discount rates, alternatives as 
limits on benefits and

other factors pertinent to the allocation process.
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3.7 Irrigation Fee Policies 

In some instances irrigation water has been considered a cheap

commodity to be provided to the farmer at no or low cost to the govern-

ment. Some extreme cases are Thailand, Burma, and Khmer Republic where

water is free. In the U.S.S.R. the farmer-users are supplied with water

from the state interfarm systems, also free of charge in conformity with

water utilization plans. At the same time the beneficiaries participate

gratis in the public works including flood control, water intake regula-

tion, canal lining, and similar infrastructure activities (Markov, 1963).

In these countries general tax revenues meet both the fixed and variable

costs in the operation of irrigation systems.

Very rarely has economic theory been adopted to determine irriga-

tion fees. Of ter times irrigation fee policy determination has been en-

trusted to politicians who are not knowledgeable about water supply and

demand economics. Literature review shows that there are two main con-

siderations on which irrigation fees are based--one is cost and the other

is benefit. Based on cost, it could be equivalent to the sum of fixed

and variable costs or variable costs alone. Based on benefit, it could

be just a portion or the whole benefit.

Weber (1968) asserts that social objectives such as those in-

volving redistribution of income is one of the reasons why beneficiaries

should not be assessed all of the project costs. However, if the per-

centage of project costs repaid is too low and user fees are not as-

sessed, excess demands will ultimately build up. If this condition

continues, the usefulness of the facilities will be impaired 
and benefits

will be less than the designed capacity of the facility (Hanke 
and Davis,
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1973). In addition, this will result in premature investments in addi-

tional facilities. Levine (1966) points out that beneficiaries should

be assessed all or a major portion of the cost of irrigation to avoid

undue increases in land values and to stimulate private irrigation de-

velopment. Besides, loans for further irrigation development could be

obtained easily.

3.8 Marginal and Average Cost Pricing 

Under marginal cost pricing, the price charged is equated with

the cost of producing an incremental unit of water. This scheme pro-

duces the most efficient allocation of resources. In average cost pric-

ing, the price charged just recovers the project costs. Under average

cost pricing there is no guarantee that resources will be allocated

efficiently; however, under this scheme the project has no subsidy.

Revenues can meet all costs.

Average and marginal cost pricing are clearly illustrated by

Boiteux (1964), Johnston (1968), Bergmann (1973), and Ramgolam (1974).

From the point of view of economic efficiency water charges should be

based on marginal cost. For recovery of the costs water charges should

be based on average cost. A comparison of the two bases is explained

with the aid of Figure 3.3. With demand at D1 , at marginal cost pricing,

farmers would be willing to buy and the irrigation companies would sup-

ply quantity, Q1 , at a price, P l . This price is way below the average

cost of production, P4 . For the water company to survive 
economically,

the demand would have to increase to D 2 and output to Q 2 where 
the

price, P 2 , is equal to both the average cost and marginal 
cost of
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Figure 3.3. Marginal Cost and Average Cost Pricing.
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production. If demand is not increased, price has to increase to P 3

with a corresponding decrease in demand to Q3 . This point, P2Q2 , is

efficient from the standpoint of resource allocation since the price

reflects what the farmers are willing to pay and water companies are

willing to supply at marginal unit of production.

At average cost pricing the quantity, Q1 , will result in the

price, P4 , which is higher than Pl, which farmers are willing to pay.

At this price the quantity would reduce from Q1 to Q4. At P4 the water

company will fail to recover the cost of production. The company will

increase the price to P 3 and reduce the consumption further to Q 3 . At

average cost pricing with demand at D1 , farmers will have to pay a higher

price at a reduced quantity well below the amount possible at marginal

cost pricing.

At demand D3 , farmers will purchase Q5 at P 5 , which is much lower

than P6 and higher than Q6 at marginal cost pricing. At P6, surplus

revenue is generated, since marginal cost is greater than 
average cost.

At average cost pricing the level of consumption, Q5 , is not efficient

from the standpoint of resource allocation.

As seen in the foregoing, marginal cost pricing will not always

realize revenues equal to costs. At decreasing average 
costs, revenues

at marginal cost pricing are less than irrigation 
costs, while total

revenue is greater than costs when average 
cost is rising. Revenues are

equal to costs only when marginal cost is equal to 
average cost.

In addition, the amount of information 
needed to pursue marginal

cost pricing is overwhelming (Bergmann, 1973; 
Davis and Hanke, 1971).

It is necessary that the total cost function be meaningfully
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differentiated with respect to the quantity of produce so the key func-

tion of the analysis can be defined.

If marginal cost pricing is applied in water resources, prices

may be out of adjustment in other related sectors of the economy. If

rice, which uses large quantities of water is overpriced, then water

should also be overpriced. This leads to the argument against marginal

cost pricing that a number of assumptions such as perfect competition

throughout the economy, full employment, perfect consumers' sovereignty,

and others do not hold in practice.

Ansari (1968) claims that the main theoretical argument against

the marginal cost principle is that it would cause misdirection of re-

sources even as average cost pricing would cause it. If average cost

pricing would unduly restrict expansion and utilization of capacity in

the decreasing cost industries, marginal cost pricing would cause it

by necessitating taxation in order to make good the losses incurred on

account of these industries, depriving those taxed from registering

their preference as consumers on the market.

In average cost pricing, all financial outlays are recovered in

the price of the product. On the basis that average cost pricing in-

cludes fixed costs prevents optimum welfare conditions. These 
conditions

imply that additional consumption should be had at a price not greater

than the additional costs incurred in providing for the 
consumption.

Average cost pricing would therefore curtail use 
before the optimum

consumption rate was reached under conditions of 
decreasing average costs
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or would stimulate excessive investment in additional capacity under

rates of production characterized by increasing average costs (Brewer,

1964).

According to Davis and Hanke (1971), cost-based pricing with

modification for externalities is the ultimate answer to non-optimal

results of present irrigation policy in the United States. Beneficiar-

ies of existing projects should be required to meet increasing costs

of operation, maintenance, and replacement costs. New projects contem-

plated should also be forced to use pricing based on costs. Several

advantages of cost-based pricing have been cited by Davis and Hanke

(1971) and by Hanke and Davis (1973), some of which are as follows:

1. In cost-based pricing realistic interest rates would be used.

2. The opportunity costs of raw water would be taken into account.

3. There would be no deferment of the first payment.

4. Prices would vary according to changes in cost over space and

time. Prices would also vary from season to season to reflect

differences in supply and demand conditions.

5. Costs and prices would reflect externalities.

6. Placing a charge on groundwater pumping would avoid over-pumping

and depletion of the acquifer.

Irrigation fees based on costs may be institutionalized. This

method is characterized by an identical irrigation fee per unit area

within the project, hence it is sometimes called "postage stamp pricing".

Postage stamp pricing is the policy of the NIA in its gravity irrigation

systems. In addition, the irrigation fees charged by the NIA do not
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reflect the volume of water used. The tendency, therefore, is for the

farmer to draw as much water as he can while his benefit increases.

The "train-ticket pricing" is the differentiation by type and

place of use in like manner as the cost of a ticket varies whether it is

for a first class or economy class coach, or whether it is for a short

or long distance. If the water company prices water differently to

agricultural, municipal, and industrial users, and if the price differ-

entials exceed the differences in the costs of delivery, inefficiency

will result from discouragement of water use in high-priced areas

(Howe and Bower, 1970).

3.9 Benefit Pricing 

According to the National Council of Applied Economic Research

New Delhi (1959), the only basis for fixing water rate is net benefit.

This benefit to cultivators will depend from time to time upon changes

in agricultural production, land assessment, the prices of agricultural

products, and excise duty imposed on farm products.

Water resource is an important item in a country's wealth and

its utilization must be governed by national benefit. Farmers who, by

virtue of the location of their farms, get the benefit of an irrigation

project must share it with others who are not as fortunate. This estab-

lishes a strong case for water charges.

When a government incurs expenditures it has to raise funds

through taxation and loan financing, or through rates and 
levies. The

benefits accruing from irrigation are more direct and the 
beneficiaries

can be easily located. Although water rates and recovery 
of cost are
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irrelevant in selection of projects, once a project has been selected

and comes to operation the government is confronted with the problem of

mobilizing the benefits in an equitable manner in the interest of soci-

ety. In the case of irrigation projects, beneficiaries are easily lo-

cated and benefits are easily measured.

Planning of federal water projects in the United States, in

general, is conducted with advance knowledge of pricing policies. The

general policy is to establish municipal and industrial water rates so

that their operations will be self-liquidating. In some cases the munic-

ipal and industrial function may be burdened with providing needed finan-

cial assistance for paying costs allocable to irrigation, hence this

advance knowledge of pricing policies (Skinner, 1968).

It is often argued that irrigation is not the only factor con-

tributing to realization of benefits. The extent of government assist-

ance, operators' educational level, land tenure arrangement, and

availability of irrigation water were found related with the adoption

of improved farm practices, hence increased benefits (Liao, Hsieh, and

Sandoval, 1958a). In addition to expansion of irrigation facilities,

continuous improvement of farming techniques, and extension of early

maturing, rice varieties have made the use of land resources increasingly

intensive, hence the earning capacity of farmers has been greatly en-

larged (Hsieh, 1966). According to Colyer and Jimenez (1971), supervised

credit induced agricultural development and production, thereby increas-

ing farmer's income. Seldon and Walker (1968) have shown a linear rela-

tionship where the soil productivity is the primary determinant of
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increased net farm income. According to Lazaro (1973) and Nielsen (1963)

land classification information provides a measure of increased produc-

tion which would result from irrigation development.

McCuen (1974) points out that water resource development should

be accompanied by other forms of investment for sustained economic

growth. By itself water resource development represents an unbalanced

investment strategy. To be successful, investment strategy requires

more balance between investment in the economic sectors of a region and

changes in social and political institutions.

According to Dominy (1967) irrigation development was not the

sole force responsible for advances in the economy of the west, but ir-

rigation has had an important role. This role has been manifested,

among others, in providing an increase in income for the region, in

stabilizing and enhancing the productivity of the natural and human re-

sources, in providing elbow room for dispersion of population and in-

dustry, and in increasing the availability of high quality foods.

The United Nations (1975) reports that an irrigation project has

introduced agricultural technology and innovations to a large number of

farmers in the Lower Mekong Basin. Through their associations the farm-

ers have acquired knowledge of modern farming. As a result of these

innovations, 95% of the households stated that the project had brought

much benefit to them.

In view of the foregoing, it is seen that irrigation developments

induce other developmental activities and application of additional ag-

ricultural inputs. This is true, even in humid regions like 
the



48

Philippines. Olson (1966) states that many kinds of farming are profit-

able in humid regions even without irrigation--with irrigation facili-

ties, risks due to drought are practically eliminated. Farmers can

apply the necessary agricultural inputs, hence farm yields are higher

and there is a greater efficiency in the use of capital (Liao, Hsieh,

and Sandoval, 1958b).

Benefits due to irrigation can be determined by computing the

costs of all the other factors making up the supplementary investments

which are substitutable in the market economy and then deducting this

cost from the value of the increased yield. The balance is the net addi-

tional benefit which can be said to arise from irrigation.

According to Dobbs and Huff (1974), income distributional conse-

quences of a project will be greater when reimbursement conforms to

ability to pay rather than to benefits received. Considering the distri-

butional consequences of a publicly provided irrigation project, it was

discovered that the benefits were shared very unequally. The top 5% of

the beneficiaries received 31% of total benefits, while the bottom 25%

received only 1.2%. The distributional consequences have been found to

be unfavorable (Infanger, 1974).

3.10 Policies in Various Countries 

Irrigation fees in the Philippines are assessed on a per hectare

basis. Farmers pay a fixed amount regardless of the volume of water

used. From the National Irrigation Administration (1966) annual report,

the irrigation fees being paid by the farmers before 
the war was

146.00/ha/yr. In 1946 this was increased to 12.00/ha/yr.
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By virtue of increasing costs, the irrigation fee was again in-

creased in 1966. This time it was split--at r25.00/ha for the first, or

rainy season crop, and 135.00/ha for the second, or dry season crop.

Effective in July, 1974, the irrigation fee was again revised

and this time it was based on the weight of paddy or unmilled rice. The

rationale behind this was that even with the wide fluctuation in the

value of the peso and price of rice, as during the recent years, irriga-

tion fees would not vary very much. On this basis, irrigation fees were

pegged at the value of two cavans of paddy per hectare (1 cavan = 50 kg)

for the wet season and three cavans of paddy per hectare for the dry

season for ordinary gravity irrigation systems. At the present time one

cavan of paddy costs 155.00; earlier this year it was rso.00. In the

free market, the price of paddy does not vary much from this government

price.

For the special projects like the UPRP there is a higher rate to

meet the higher maintenance requirements. For the wet season crop the

charge is 2 1/2 cavans/ha, while dry season crops are charged 3 1/2

cavans/ha. Pump irrigation systems and NIA-UNDP Groundwater Development

Projects have equal rates of 3 cavans/ha for the wet season and 5

cavans/ha for the dry season crops. In the case of a third crop for both

ordinary gravity systems and special projects, the irrigation fee is

equal to the respective dry season crop rate.

Farmers can pay their irrigation fees in cash or in kind. This

irrigation fee payment in kind was agreed upon between the NIA and the

National Grains Authority (NGA) for the latter to accelerate and enhance
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its rice procurement program so it can establish a buffer stock of rice.

The NIA is supposed to benefit also in the process. Hopefully, water

users will promptly settle their irrigation fees with the NIA to boost

its fee collection scheme, which averaged only 50% for 1965-1975.

Torres (1972) conducted a linear programming analysis of a river

diversion irrigation system in Luzon and found the net contribution of

water amounting to fl,048/ha. For this system the resource cost was

i666.25/ha/yr from 1967-1970.

A study of more than fifty privately owned shallow well pumping

irrigation units in two Luzon provinces in 1971-72 (Evangelista, Torres,

and Faigmane, 1973) shows that many pump owners charge for water cost at

a rate prevailing in the area. The most common arrangement is for the

farmer-users to pay 15-20% of the net products (gross product minus seeds

and harvester-thresher share) in both seasons of the year. At 4.2 T/ha/yr

gross product, harvesters' share and seeds at 25% of gross product, ir-

rigation fees would be 470-630 kg/ha/yr of paddy.

Irrigation fees in communal systems vary widely in different

regions of the country. In some systems farmer-members pay no cash, in-

stead they provide their own or hired labor during the maintenance and

repair of earth canal networks and brush dams. In other instances there

is a regular fee in cash and/or in kind for the regular operation, main-

tenance, and repair of the irrigation systems (Ongkingco, 1973b).

In Taiwan (Miao and Hsu, 1961; Chang, Tsai, and Hsu, 1961) farm-

ers belong to irrigation associations. Membership in an irrigation 
as-

sociation is vested not to a natural person but to the ownership 
or
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tenancy of the land within the irrigated area. Any change of land title

through sale, rent, donation, or transfer will involve a change in asso-

ciation membership accordingly.

Association members pay two kinds of fees: special membership

fees for capital costs including interests of projects concerned with

land development, improvement, or rehabilitation; and ordinary member-

ship fees for operation and maintenance including a reserve sinking fund

for unusual flood damages. Special and membership fees of the Chia-nan

Irrigation Association, the largest with 150,000 has, are $13.50 and

$22/ha/yr. In certain areas of the district where reconstruction works

have taken place or groundwater is used, the total fees may reach

$78.75/ha/yr (Chin, 1970).

In India (Naegamvala and Desai, 1970; Dakshinamurti, Michael,

and Mohan, 1973) charges for water supply from government works are

levied differently in different states. Generally, such charges com-

prise one or more of the following:

1. water rates depending on the kind and extent of the crop,

2. increment in land revenue based on increased benefit derived

from providing irrigation facilities,

3. betterment levy representing the government's share in the

increase in land value accruing with the provision of irrigation

facilities,

4. irrigation tax, being the annual charge per acre of irrigated

lands, whether water is taken for irrigation or not.
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Several committees and commissions have studied the problem of

water pricing and generally agree that the only sound basis for fixing

irrigation charges is the net additional benefits arising from irriga-

tion. It has been suggested that water charges in no case exceed 50% of

the farmer's net benefit. Most of the rates applied are generally paid

per acre but connected with the crop grown, and are levied on the acreage

irrigated. Repayment per unit of water is only applied in the case of

pump irrigation. Table 3.1 provides irrigation rates for most common

crops in some selected states in India.

In Australia (Churchyard, 1963) irrigators supplied from state

projects are required to meet only the costs of maintenance, operation,

and management. The state pays all charges for interest and redemption

(sinking fund) on storage, irrigation channels, and drains.

In South Australia (Cole, 1972) there are very strict controls

on the quantity of water supplied. Vegetable crops get an allowance of

30 in., fruit crops 44 in., and lucerne 60 in. Water at Swan Hill costs

A$3.50/ac-ft delivered under gravity and A$7.00/ac-ft when pumped to the

farms. In the Murrumbridge Irrigation district farmers get a water right

of 1 ac-ft, which costs A$.50 for pasture use and A$1.00 for horti-

cultural purposes. Additional water costs A$3.50/ac-ft for pasture and

A$6.50 or A$7.00/ac-ft for horticulture. In other districts a farmer

with a base allowance of 20,000 cu m would pay A$4.00/ac-in. in excess,

but by the time his overdue reaches 85,000 cu m he would pay A$8.50/ac-in.

A grower with a basic allocation of 250,000 cu m pays A$9.50 ac-in , in

excess water used.



Table 3.1. Water Rates in India (Dakshinamurti, Michael, and
Mohan, 1973.)

CROPS S/HA CROPS VHA

Andra Pradesh
Rice 3.75

Mysore
Rice 4.00

Bihar
Rice 3.75

Orissa
Rice 0.25-2.00

Wheat 2.75
Punjab

Gujarat
Rice 4.50-6.25

Rice
Wheat

2.45
1.45

Wheat 4.50-6.25
Rajasthan

Haryana Wheat 1.30-2.50

Rice 2.45
Wheat 1.45 Tamil Nadu

Rice 4.00-5.00

Kerala
Rice 1.25-2.50 Uttar Pradesh

Rice 1.00-3.50

Madhya Pradesh
Wheat 1.00-3.50

Rice
Wheat

2.50
1.00-2.50 West Bengal

Rice 1.35-3.15

Maharashtra
Wheat 2.25

53
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Guise and Flinn (1970) developed a spatio-temporal equilibrium

model that incorporates intraseasonal demands for irrigation water for

the situation with a competitive market. The model developed here and

the application using irrigation water demand data derived in New South

Wales indicate their potential usefulness. The solution obtained indi-

cates that the historically determined irrigation water prices are in

urgent need of revision if resource allocation is to be improved.

Based on the concept of Islamic law, in Afghanistan (Issaq,

1970), water cannot be sold because it is the property of the community.

To utilize the flowing water there is a need to construct storage or

diversion work. Either the people contribute in advance to finance the

work or the government constructs the project and recovers the cost from

the beneficiaries over a long period. Somtimes the government recovers

only the interest on the investment. Other charges include the costs of

operation and maintenance. Both of these charges are supposed to be

paid by the beneficiaries either in proportion to the land irrigated or

to the quantity of water used. In addition, landowners pay a land tax.

In Turkey (Bozkurt, 1972) farmers pay for operation and main-

tenance costs. In some state-owned systems, they pay for project repay-

ment costs, which is about $62/ha/yr. The cost of water differs with the

kind of crops grown and every year at the beginning of the irrigation

season the government announces the official cost of irrigation water

for each of the state irrigation systems. Many farmers do not pay their

irrigation fees, hence the collection rate is as low as 50%, even if a

10% surcharge is levied if the fee is not paid during a specified period.

Table 3.2 shows the cost of water in 1972.
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Table 3.2.	 Official Cost of Water in Turkey, 1972 (Bozkurt,	 1972).

Crop

0 and M
Gravity Costsl

S/ha

0 and M
Pump Costs 2

$/ha
Repayment Cost

$/ha

Cotton 8 - 18 30 -	 52.5 2.1 - 12.2

Sugarbeet 8 - 18 30 -	 52.5 2.1 - 12.2

Cereals 3.5 -	 8 12 -	 28 2.1 - 12.2

Vegetables 10 - 26 39.5 - 143 2.1 - 12.2

Orchards 11.5 - 28 42 -	 77.5 2.1 - 12.2
!Operation and maintenance costs for a gravity irrigation system.
20peration and maintenance costs for a pump irrigation system.
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Gardner et al. (1974) made a proposal for pricing irrigation

water in Iran. Various zones of an irrigation project are ranked by as-

signed allocated costs, and a procedure is proposed that would produce

water revenues in aggregate amounts equal to total project reimburseable

costs. Operation and maintenance costs are set as a lower limit on price,

and a certain fraction of ability to pay is set as an upper limit. For

those zones where the price is above reimburseable costs, the price is

set at a level where the price minus reimburseable costs is the same for

all zones.

Izadi (1975) conducted a linear programming analysis to determine

the impact of selected water prices on cropping pattern, farm income

levels, and irrigation water used in Iran. The result of the study re-

vealed that the range of negotiated prices in the Marv-Dasht area was

not sensitive and had negligible effect on the parameters considered,

concluding that the result is not a good basis for water-pricing policy

in the area.

Major irrigation schemes in Indonesia (Asian Development Bank,

1973) had been collecting water charges as land taxes; however, only a

small part of these taxes had been used for irrigation maintenance.

Presidential Instruction of 1969 authorizes water charges to recover

costs of rehabilitated irrigation systems and its operation, maintenance,

and replacement costs.

Operation and maintenance of local and informal irrigation schemes

in Indonesia are often carried out by the farmers' associations. 
These

associations levy water charges which are paid either 
in cash or in kind.
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In addition to water charges for operation, maintenance, and replace-

ment costs, farmers volunteer labor and contribute the land necessary

for construction of project facilities.

Japan has a well established policy of recovering costs from

project beneficiaries and levies are made on land instead of on water

(Asian Development Bank, 1973). Capital costs are subsidized by the

prefecture to the tune of 40-80% but operation, maintenance, and replace-

ment costs are fully paid by the members of the association. Irrigation

charges are made annually whether water deliveries are used or not. The

amount varies between associations but generally ranges between $16 and

$160/ha/yr. Irrigation fees are paid either in cash or in kind. It has

a high level of acceptance and collection rates are very good.

In Mexico (Sagardoy, 1973), the major criterion for fixing the

water rate is the capability of the farmers to pay. Thus, the rates

vary from project to project. When the payment capacity is greater than

cost, the farmer pays the whole amount. Otherwise he pays only a por-

tion of the cost. Water payment is made per hectare per year. However,

the government intends to introduce payment by volume.

Bassoco, Norton, and Silos (1974) conducted linear programming

analyses of several irrigation projects in Mexico and determined the

marginal product of gravity irrigation on a volume basis at various sup-

port prices of wheat.

In some villages in Spain (Sagardoy and Hidalgo, 
1973) where

groundwater is easily available, water is sold and bought at market

prices established by the sellers and buyers. In 
these areas, prices
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are very high. In a great majority of the irrigation schemes water

charges are per hectare on an annual basis. In addition to operation,

maintenance, and replacement costs, water charges include about 50% of

the capital costs.

For the Las Majaguas Project in Venezuela (Mendez-Arocha, 1972),

the farmers pay the equivalent of $22/ha/season irrigation fee. This

amount is lower than the operation, maintenance, and replacement costs,

and it was proposed that the irrigation fee should at least cover these

costs.

In the United States (Hanke and Davis, 1973) economic efficiency

has never been a goal of the Bureau of Reclamation policy. The irriga-

tion program which began in 1902 had three goals: settlement, creation

of a proper social environment, and increased agricultural, industrial,

and commercial outputs. The Reclamation Act of 1902 stipulates that

water users will repay their share of construction cost within a period

of ten years. This period was increased to 20 years by the Reclamation

Extension Act of 1914, then to 40 years by the Omnibus Adjustment Act of

1926. The Reclamation Project Act of 1939 authorized the allocation of

portions of project cost to be repaid from power revenues or from munic-

ipal water revenues, and to flood control on a nonreimbursable 
basis.

This enabled the construction of many projects where water users could

not be expected to repay the total costs (U. S. Bureau of 
Reclamation,

1965). On the basis of past repayment records, it is estimated that

four federal projects will require more than 250 
years to pay out the

total amount repayable by 1938 (Huffman, 1953). In 
this connection,
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irrigation development is properly handled by private enterprise. How-

ever, according to Beckett (1968), private utilities should not engage

in the water business; it should be a government function. The initial

cost is too great and the economics may be such that the entire cost may

never be borne by the users; besides, the time lag between providing the

facility and its full utilization is too long. Furthermore, there are

externalities or spillover effects that are manifested either in costs

or benefits to other parties (Crutchfield, 1974).

Based on a number of studies (Doe, 1968; Davis and Hanke, 1971;

Boulding, 1964; Weschler, 1968) it seems there is a clamor to consider

economic criteria in pricing irrigation water in the United States.

Table 3.3 shows the average prices paid by farmers in 22 states 
in 1972.

These values were derived from the data provided by Heady et 
al. (1972).

From this review of irrigation fees in various countries, it can

be seen that the policies vary widely. Some base the irrigation 
fees on

various economic approaches while others base them on socio-cultural and

ideological patterns in the country.

In light of these factors, the 
present study considers three

policies in assessing irrigation fees for the 
UPRP: a) based on cost,

b) based on increased benefit, and c) based 
on capability to pay. The

capability to pay criterion is determined only for the 
two cropping

seasons in 1975.

Irrigation fee policy in the Philippines 
is based in principle

on cost. Referring to Presidential Decree No. 
552, the government would

like to recover from the water users, 
if possible, the operating cost
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Table 3.3. Average Irrigation Fees Paid by Farmers in 1972 (Heady
et al., 1972). 

State	 $/ac-ft	 State	 $/ac-ft

Arizona	 7.86	 Nebraska	 4.09

Arkansas	 6.68	 Nevada	 6.61

California	 31.37	 New Mexico	 7.36

Colorado	 2.40	 North Dakota	 3.72

Idaho	 2.74	 Oklahoma	 6.67

Illinois	 3.05	 Oregon	 2.86

Iowa	 5.76	 South Dakota	 2.21

Kansas	 8.42	 Texas	 8.28

Minnesota	 3.06	 Utah	 3.02

Missouri	 5.47 -	 Washington	 2.78

Montana	 2.54	 Wyoming	 2.52 
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and the investment cost of an irrigation project within a reasonable

period. A government act creating the NIA specifies this period to be

at least 25 years. In view of the national goals of attaing self-

sufficiency in food production, recovery of total irrigation costs

might not be feasible because the increasing costs of irrigation water

might prevent many farmers from tilling their lands.

The irrigation fee policies that will be developed for the UPRP

could have far-reaching implications in other systems of the NIA; there-

fore, an intense analysis is warranted.



CHAPTER 4

PROJECT COSTS AND BENEFITS

4.1 Investment Costs 

For purposes of this study, the "present" is the beginning of

1976. Investment costs incurred prior to 1976 have been compounded and

those incurred after 1976 have been discounted to transform them to

present values. Reducing all these values to a common time basis is

necessary for comparison purposes with their corresponding benefits.

Likewise, benefits have been reduced to their present values.

The various phases of the project have been implemented at dif-

ferent times. UPRP Phase I, which services Divisions I, II, and III in

the Nueva Ecija area, was constructed from 1969 to 1975. This is fol-

lowed by the UPRP power phase where construction started in 1973 and

completion is expected by 1977. Construction of the Aurora-PeWaranda

Irrigation Project started in 1974. This second phase of UPRP services

Division IV mainly in the PeWaranda area. APIP, which covers some towns

in the provinces of Bulacan and Pampanga, is due for completion by 1978.

The last stage, the Tarlac Irrigation Systems Improvement Project, is

mainly in the province of Tarlac. TISIP will not draw water from the

Pantabangan reservoir, instead it will utilize direct diversions from

three rivers in the province. Construction of TISIP was started in 1975

and will be completed in 1978. A recovery factor is used to express

62
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present values as annual values. Project costs and benefits are both

expressed in their annual values, which are much smaller figures.

Investment costs of the various phases of the project are pre-

sented in Tables 4.1 to 4.5. Table 4.1 provides the costs for UPRP for

both the peso and dollar components. These costs have been separated

into dam and reservoir costs and UPRP service area costs, since these

specific values are needed in the cost allocation. The service area

costs refer to the costs incurred in the rehabilitation of existing sys-

tems, modification of diversion dams, and construction of new irrigation

and drainage systems together with the new diversion canals. Dam and

reservoir costs include the investment costs of Pantabangan Dam in-

cluding spillway and outlet works, access roads and bridges, transmis-

sion lines for construction power, and service facilities at the damsite.

Relocation of more than 2,000 families has been included in these costs.

Power phase costs presented in Table 4.2 include the installa-

tion costs for the hydropower plant, the re-regulation dam, and the

transmission system to connect the plant with the Luzon Grid. APIP

investment costs in Table 4.3 include the Canili and Diayo Dams, and

the Aurora diversion system together with the rehabilitation and enlarge-

ment of the Pe-Naranda service area.

Tables 4.4 and 4.5 present, respectively, the rehabilitation

and improvement of the three irrigation systems and the groundwater

development project in Tarlac.

Investment costs of the project at various discount rates and a

period of analysis equivalent to 50 years are shown in Table 
4.6. The
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Table 4.1. UPRP Investment Costs (National Irrigation Administration
and the associated firms: Engineering Consultant, Inc.-
Engineering Development Corporation of the Philippines,
1975c).

Year
	

Dam and Reservoir	 Service Area
Million Pesos 

1969	 0.709	 0.980

1970	 6.735	 6.243

1971	 26.497	 8.841

1972	 73.651	 19.821

1973	 76.090	 58.073

1974	 56.095	 91.978

1975	 53.865	 67.283
	293.642	 253.219

Million Dollars 

1970	 0.336	 0.038

1971	 9.050	 0.165

1972	 3.004	 0.183

1973	 4.344	 1.437

1974	 3.451	 1.887

1975	 1.240	 3.130

IDC	 4.473	 1.262

	

25.898	 8.102
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Table 4.2. UPRP Power Investment Costs (National Irrigation Administra-
tion and the associated firms: Engineering Consultant, Inc.-
Engineering Development Corporation of the Philippines,
1975a).

Year Million Pesos Million Dollars

1973 7.692 -

1974 23.616 4.248

1975 54.230 5.750

1976 27.094 3.519

1977 1.190 0.470

IDC 7.110 0.710
120.932 14.697

Table 4.3. APIP Investment Costs (National Irrigation Administration
and the associated firms: Engineering Consultant,Inc.-
Engineering Development Corporation of the Philippines,
1975b).

Year Million Pesos Million Dollars

1974 41.378 0.039

1975 124.936 2.439

1976 57.834 7.510

1977 29.835 1.355

1978 25.670 1.355

IDC 1.773
279.653 16.846
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Table 4.4. TISIP Investment Costs (National Irrigation Administration
and the associated firms: Engineering Consultant, Inc.-
Engineering Development Corporation of the Philippines,
1976).

Year Million Pesos Million Dollars

1975 33.985 -

1976 47.215 1.895

1977 61.831 7.360

1978 46.137 1.323

189.168 13.723

Table 4.5. TISIP Groundwater Investment Costs (National Irrigation Ad-

ministration and the associated firms: Engineering Consult-

ant, Inc.-Engineering Development Corporation of the

Philippines, 1976).

Year Million Pesos Million Dollars

1975 0.980

1976 2.100 5.400

1977 1.258 1.500

1978 0.800 0.426

0.782
IDC

5.138 8.108
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Table 4.6. Annual Values of Investment Costs at Variable Dollar Rate
(Million Pesos).

DISCOUNT RATE
Item 7% 8% 10% 12% 15%

Dam and
Reservoir 39.213 46.505 59.916 75.984 103.653

UPRF Service
Area 25.387 29.479 37.873 47.219 62.815

Power Phase 16.724 19.064 24.015 29.267 37.620

APIP 29.084 32.934 40.939 49.249 62.134

TISIP 19.471 21.826 26.599 31.384 38.463
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dollar component was converted to pesos at a rate equivalent to the

exchange rate at the time the cost was incurred. The rate was

13.919/dollar in 1969, which increased to about 17.50/dollar in late

1975. During the months of August-December, 1975, the peso value ranged

from 17.498 to 17.509/dollar (Central Bank of the Philippines, 1976a).

Table 4.7 presents the annual investment costs at a constant

rate of 17.50/dollar, the approximate value of the peso during the lat-

ter part of 1975. It is assumed that from 1975 on, the exchange rate

will stay at 17.50/dollar.

Table 4.8 includes the investment costs where the dollar compo-

nent is given a premium value of 50% based on 17.50/dollar. With this

premium, a dollar becomes equivalent to 111.25. In a country where there

is an unfavorable balance of payments, dollars and other foreign cur-

rencies are very valuable; hence the premium.

It will be noted that TISIP values are the same for Tables 4.6

and 4.7. This is because the TISIP construction period started in 1975,

after which time the exchange rate was assumed to remain constant at

17.50/dollar.

4.2 Agricultural Production Costs 

Production costs include variable and fixed costs. Variable

costs may be in cash or in kind, which includes seeds, fertilizers, 
and

other agricultural chemicals. They also include hired labor for land

preparation, transplanting, care of the 
crop, harvesting, threshing,

and hauling of the produce. Other items included 
in variable costs

are sacks or bags and farm implements. 
Non-cash variable costs may be
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Table 4.7.	 Annual Values of Investment Costs at Constant Dollar Rate
of n.50 (Million Pesos).

DISCOUNT RATE
Item 7% 8% 10% 12% 15%

Dam and
Reservoir 40.934 48.630 62.758 79.523 108.620

UPRP Service
Area 25.760 29.805 38.300 47.560 63.547

Power Phase 17.088 19.481 24.545 29.919 38.471

APIP 29.134 32.991 41.011 49.337 62.246

TISIP 19.471 21.826 26.599 31.384 38.463

Table 4.8. Annual Investment Costs at 50% Dollar Premium (Million

Pesos). 
DISCOUNT RATE

Item	 7%	 8%	 10%	 12%	 15%

Dam and
Reservoir	 48.570	 56.545	 74.294	 94.422	 129.146

UPRP Service
Area	 30.391	 34.593	 43.448	 52.785	 67.523

Power Phase	 20.972	 23.911	 30.133	 36.736	 47.248

APIP	 33.222	 37.558	 46.652	 56.026	 70.481

TISIP	 22.624	 25.406	 31.066	 36.768	 45.278
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the labor provided by the family which includes land preparation, trans-

planting, care of the crops, weeding, harvesting, threshing, and hauling.

Fixed costs may be composed of land tax and irrigation fees.

Care-of work animals is included in the non-cash fixed costs.

Agricultural production costs in this study means the increased

cost of production considering "future without project" and "future with

project". Based on earlier studies of cost of production (Barker and

Abarientos, 1974; University of the Philippines at Los Batibs, 1975), the

value of r630 per ton of paddy produced has been adapted. On the basis

of projected yields included in Section 4.4 Irrigation Benefits, produc-

tion costs during the first year of operation amount to r1575/ha during

the wet season and r1701/ha during the dry season. At full project de-

velopment these values increase to r2495 and r2772, respectively, for

the wet and dry seasons. In like manner production costs for "without

project" can be determined.

As explained earlier, service areas for the situation "with

project" have been varied to reflect river flows and water management

efficiency. Table 4.9 presents the increased costs of production at

various discount rates and at various percentages of the areas during

the wet and dry seasons.

Table 4.9 means that in the case of UPRP (Phase I) at 100% ir-

rigable area for both wet and dry seasons, the areas are equivalent to

83,000 hectares for the wet season and 79,000 hectares for the dry 
sea-

son. These values are included in Section 4.4 Irrigation 
Benefits.

For APIP at 100% and 90% of the area for the wet 
and dry seasons,



Table 4.9. Increased Annual Cost of Production (Million Pesos).

IRRIGABLE AREA
DISCOUNT RATE

7% 8%	 10% 12% 15%
Wet Season Dry Season UPRP

110% 110% 230.9 228.3 223.3 218.8 212.9

100% 100% 192.4 190.2 186.1 182.3 177.4

100% 90% 172.7 170.7 167.1 163.6 159.2

100% 80% 153.0 151.2 148.0 144.9 141.0

APIP

110% 110% 46.6 45.9 42.4 39.4 35.5

100% 100% 37.6 36.2 33.5 31.1 28.0

100% 90% 32.3 31.1 28.8 26.7 24.1

100% 80% 22.8 22.0 20.4 18.9 17.0

TISIP

110% 110% 19.2 18.5 17.0 15.7 13.9

100% 100% 13.0 12.5 11.5 10.6 9.4

100% 90% 11.7 11.3 10.4 9.6 8.5

100% 80% 10.4 10.1 9.3 8.6 7.6
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respectively, the areas involved are 25,000 hectares for the wet season

and 22,500 hectares for the dry season.

In the case of TISIP (Phase III) when the whole of 34,000 hec-

tares during the wet season and 6,200 hectares during the dry season

could be planted, the increased cost of production would be r12.5 million.

This amount corresponds to a discount rate of 8%. If by any chance there

is a greater volume of water available at the reservoir and/or water de-

livery and application efficiencies are improved such that the irrigable

areas for PeNaranda have been increased by 10% during the wet and dry

seasons, the increased cost of production at a 12% discount rate would

be 1 39.4 million.

4.3 Other Costs 

Based on the estimates of the UPRP office of the National Irri-

gation Administration (1975), the operation, maintenance, and replace-

ment costs for the Upper Pampanga River Project amount to r170/ha/yr.

The percentage distribution of the cost is shown below:

Salaries and wages	 63.5%

Replacement cost for steel gates	 1.7

Travelling expenses and representation
allowances
	 3.8

Sundries, office supplies, and materials
	 5.6

Office equipment and furniture
	 0.6

Maintenance of roads and bridges
	 5.8

Repair and rehabilitation of main and

lateral canals and farm ditches

(labor cost)
	 5.8
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Construction equipment and vehicles for
major repairs of canals and roads	 11.8

Contingencies	 1.4
100.0%

Operation, maintenance, and replacement costs for the various

phases of the project have been estimated based on the designed wet sea-

son irrigated areas. For UPRP Phase I, annual operation, maintenance,

and replacement costs are based on the designed 83,000 hectares, although

dry season irrigated area is 4,000 hectares less. For APIP the wet sea-

son and dry season irrigated areas are the same at 25,000 hectares.

However, for TISIP there is a big difference between the wet and dry

season areas. Irrigable area during the dry season is only 6,200 hec-

tares, while wet season area is 34,000 hectares. In this case, opera-

tion, maintenance, and replacement costs are still based on the wet

season irrigated areas. To reduce these costs, wages may be reduced by

laying off some casual workers, but the rest of these costs are assumed

to be the same.

Upon consultation with some officers of the National Power Cor-

poration, operation, maintenance, and replacement costs for the UPRP

power phase have been estimated at 16 1.5 million/yr. Bases of the esti-

mate were mainly the operations of the other hydropower plants of the

NPC such as the Caliraya, Ambuklao, Binga, and Angat, and the size of

the present plant at Pantabangan.

Anticipated drainage costs have been evaluated, in consultation

with some UPRP staff, at 10150,000/yr for Phase I, at V50,000/yr for

Phase II, and i620,000/yr for Phase III. These costs would be incurred
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in maintaining low-lying spots of the service areas where water-logging

might become a problem.

Costs due to reservoir inundation, recreation, and conservation

of fish were estimated by the U. S. Bureau of Reclamation (1966). After

some adjustments, it has been estimated that their annual costs are:

recreation-492,000; reservoir inundation-41.0 million; and fish conser-

vation-429,000.

4.4 Irrigation Benefits 

Benefits realizable through irrigation development depend upon

the additional areas that could be placed under irrigation and the degree

to which irrigated agriculture could increase the yield over that of non-

irrigated or poorly irrigated farms. Major factors that reduce farm

production are typhoons that cause floods, insects, pests, and rodents.

The present irrigation development increases both the wet and

dry season cultivation by improving the service facilities 
and placing

new areas under irrigation. Table 4.10 summarizes irrigation 
coverage

under the "with project" and "without project" situations.

With the development of an irrigation project in a 
region there

is usually an infusion of technology. This 
technology, which increases

production, may be in the form of improved seeds, fertilizer 
and other

agricultural chemicals, mechanization of production, 
improved water

management, and other cultural practices. 
Social and other institu-

tional conditions also change. 
These include credit availability to

the farmers for the purchase of agricultural 
inputs, marketing facili-

ties for farm produce, and deployment 
in the rural areas of qualified
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Table 4.10. Cultivated Areas before and after the Project (Hectares). 

UPRP (Phase I)--after the project 

Irrigated 

Wet Season	Dry Season 

	83,000	 79,000

--before the project 

Irrigated	 Non-Irrigated 

Wet Season	Dry Season	 Wet Season 

	50,000	 14,000	 33,000

APIP (Phase II)--after the project 

Irrigated 

Wet Season	Dry Season 

	25,000	 25,000

--before the project 

Irrigated 

Wet Season	Dry Season 

	17,000
	

10,000

Non-Irrigated 

Wet Season 

8,000

TISIP (Phase III)--after the project 

Irrigated 

Wet Season 

34,000

Dry Season 

6,200

--before the project 

Irrigated 

Dry Season 

4,650

Non-Irrigated 

Wet Season 

13,350

Wet Season 

20,650
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agricultural extension agents to keep the farmers abreast of improved

technology. To better equip these extension workers, research insti-

tutions expand their activities to investigate existing and anticipated

problems in agricultural production. The government undertakes agrarian

reforms to increase incentives of the farmers to produce more. All of

these factors tend toward increasing agricultural production. This in-

creased production is reflected in the yield estimates shown in Table

4.11. These estimates are conservative considering that some progressive

farmers are obtaining much higher yields. Average yields compiled by

the International Rice Research Institute (1975) for four dry seasons

in the Nueva Ecija area (Maligaya) ranged from 4.0 T/ha at no fertilizer

application to 5.6 T at 120 kg N/ha. For six wet seasons in the same

area, rice yields ranged from 3.8 T at no nitrogen to 5.1 T at 60 kg

N/ha. Average yields for 1968-1973 cropping seasons in the four stations

studied (Los BaTios, Maligaya, Pili, and La Granja) ranged from 3.8-5.0

T/ha for the wet season and 4.4-6.8 T/ha for the dry season.

Estimated yields are assumed to increase uniformly from the first

to the tenth year, remaining constant thereafter until the fiftieth year.

Future wet season yields with and without project remain essentially

the same, while irrigated dry season yields increase slightly with 
the

establishment of the project. The bulk of the benefits will come from

the provision of irrigation water to the previously non-irrigated areas

and dry season cultivation. This would be the case for 
UPRP and APIP

development where dry and wet season irrigation are 
greatly increased.

Increased dry season irrigation for TISIP is not much; the 
bulk of its



Table 4.11. Yield Estimates for Future with Project and Future
without Project (Tons Per Hectare). 

With Project 

Year
Irrigated

Wet Season
Irrigated

Dry Season

1 2.50 2.70

10 3.96 4.40

• •

50 3.96 4.40

Without Project

Irrigated
Wet Season

Irrigated
Dry Season

Non-irrigated
Wet SeasonYear 

1 2.50 2.70 1.80

•

10 3.96 4.00 2.42

•

50 3.96 4.00 2.42
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benefits come from the provision of wet season irrigation to several rain-

fed areas. Dry season irrigation for TISIP is increased only 1,550 ha

from the original 4,650 ha. The rainfed areas provided with wet season

irrigation are more than 13,000 ha. This is one of the reasons for pilot

groundwater explorations in Tarlac. Such a project would supplement dry

season base flows for irrigation of a second crop.

The value of farm produce is based on the world market price of

rice during the years 1973-1975 when the country imported more than

600,000 metric tons (MT) of milled rice (Central Bank of the Philippines,

1976b). These values are expressed both in terms of free on board (FOB),

and cost, insurance, and freight (CIF). Unit price of this importation

was $233/MT FOB and $296/MT CIF. On the basis of 60% milling recovery

(Camacho et al., 1975) and at 1 7.50/do 1lar, the world market price of

paddy comes out to be /1,051/MT FOB or /1,333/MT CIF. In this conversion

the cost of milling is assumed to be equivalent to the milling of by-

products such as rice bran. On the basis of these FOB and CIF values

of paddy, the areas indicated in Table 4.10, and the yield projections

in Table 4.11, annual irrigation benefits of UPRP, APIP, and TISIP are

summarized in Tables 4.12, 4.13, and 4.14. As in Table 4.9, which is on

the cost of production, these three tables on annual irrigation benefits

consider various wet and dry season areas to reflect irrigation manage-

ment and river inflows.

The 50% dollar adjustment considered for investment costs is

expected to decline to about 10% at the end of the economic life (Daniel,

Mann, Johnson, and Mendenhall, 1975). Averaging out the 50% and 10%
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Table 4.12. Annual Benefits of Phase I (UPRP) 	(Million Pesos).

IRRIGABLE AREA
DISCOUNT RATE

7% 8%	 10% 12% 15%
Wet Season Dry Season FOB Values

110% 110% 385.0 380.8	 372.5 365.2 355.4

100% 100% 320.8 317.3	 310.4 304.3 296.1

100% 90% 288.0 284.8	 278.6 273.2 265.8

100% 80% 255.1 252.3	 246.8 242.0 235.5

CIF Values

110% 110% 490.1 484.7	 474.2 464.9 452.3

100% 100% 408.4 403.9	 395.1 387.4 376.9

100% 90% 366.6 362.6	 354.7 347.8 338.3

100% 80% 324.8 321.2	 314.2 308.1 299.7

Table 4.13. Annual Benefits of Phase II (APIP) (Million Pesos).

IRRIGABLE AREA
DISCOUNT RATE

7% - 8%	 10% 12% 15%
Wet Season Dry Season FOB Values

110% 110% 79.4 74.9	 70.7 65.5 59.3

100% 100% 62.7 59.1	 55.8 51.7 46.8

100% 90% 53.9 50.8	 48.0 44.5 40.2

100% 80% 38.1 35.9	 33.9 31.4 28.4

CIF Values

110% 110% 101.1 93.4	 89.9 83.3 75.5

100% 100% 79.8 75.3	 71.0 65.8 59.6

100% 90% 68.6 64.8	 61.1 56.6 51.3

100% 80% 48.5 45.8	 43.2 40.0 36.2



Table 4.14. Annual Benefits of Phase III (TISIP) 	(Million Pesos).

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 	10% 12% 15%
Wet Season Dry Season FOB Values

110% 110% 34.3 32.9	 30.2 28.0 25.0

100% 100% 21.7 20.8	 19.1 17.7 15.8

100% 90% 19.6 18.8	 17.2 16.0 14.3

100% 80% 17.5 16.8	 15.3 14.3 12.8

CIF Values

110% 110% 43.6 41.9	 38.4 35.6 31.8

100% 100% 27.6 26.5	 24.3 22.5 20.1

100% 90% 24.9 23.9	 21.9 20.3 18.1

100% 80% 22.2 21.3	 19.5 18.1 16.2
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figures, the dollar premium becomes 30%. Using this foreign exchange

weighting factor a dollar becomes equivalent to 109.75. With a 30% dol-

lar premium, irrigation benefits increase correspondingly. As an exam-

ple, the UPRP benefit of 16408.4 million at a 7% discount rate and CIF

value (Table 4.12) becomes 10530.9 million.

For several decades the country has been importing rice to sup-

plement local production. The year 1976 ushered in a bountiful harvest

and government planners are optimistic that the Philippines will be

self-sufficient in rice production and will someday produce enough for

export to other countries. This is the reason why benefits are expressed

in both CIF and FOB values.

4.4.1 Monthly Irrigation Benefit

The monthly irrigation benefits are input data for the dynamic

programming analysis of Franco (in prep.). Results developed in this

monthly benefit function are unique for a particular cropping pattern

adopted for the UPRP service area (Figure 4.1). This cropping pattern

has been developed to reduce water requirements during the dry season

land preparation which normally requires much more water than the crop

growing period (International Rice Research Institute, 1975). In addi-

tion, this new cropping pattern would avoid high windy days which occur

during the dry season crop growing period in the 
traditional cropping

pattern.

In these monthly benefit functions, the 
assumption is that out-

side of the month under consideration there is 
no water shortage. In

addition, when there is a water shortage, crops 
in a critical stage
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should be irrigated first. In other words, the limited water supply

should be brought to the area with a standing crop so that irrigation

would provide the highest increase in yield.

On the basis of several studies conducted by the International

Rice Research Institute (1973) in Nueva Ecija, Bulacan, and Laguna, it

was discovered that about 30% reduction in yield was realized when there

was no irrigation for one month during the vegetative stage (from trans-

planting to about 60 days before harvest). On the other hand, the re-

duction in yield was about 65% when irrigation was suspended for one

month beginning just before panicle initiation (from 60 to 30 days before

harvest. Multiple regression equations have also been developed by the

International Rice Research Institute for the wet and dry seasons and

with the stress days and nitrogen application interacting on the yield.

Based on the cropping pattern in Figure 4.1 and the water re-

quirement of 1.5 liters/sec/ha the gross monthly water requirements are

presented in Table 4.15. A portion of this water requirement is supplied

by precipitation and unregulated inflows, which are also included in

Table 4.15. The difference between the gross monthly water requirement

and the sum of effective precipitation and unregulated inflows is the net

water requirement from the reservoir. It will be noticed that for

November no reservoir release is needed because the area irrigated, hence

the gross water requirement, is small, which the unregulated flows for

the month could adequately provide.

Seasonal UPRP irrigation benefits included in Table 4.16 
are

under no moisture stress conditions. The 
benefit function would differ
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1--Land preparation
and nursery

2--Transplanting

3--Terminal
drainage

4--Harvesting 

5--Land preparation
and nursery 

6--Transplanting

7--Terminal
drainage

8--Harvesting 
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Figure 4.1. Upper Pampanga River Project Cropping Pattern.
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Table 4.16. Seasonal Irrigation Benefits for UPRP (Million Pesos). 
DISCOUNT RATE

7%	 8%	 10%	 12%	 15%

	45.8	 45.1

	

58.9	 57.9

	

274.9	 272.2

	

349.5	 346.0

Wet Season--FOB 

43.9

Wet Season--CIF 

56.4

Dry Season--FOB 

266.5

Dry Season--CIF 

338.7

	42.8	 41.1

	

54.9	 52.8

	

261.5	 255.0

	

332.5	 324.1
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should there be water limitations on the farm. As mentioned earlier,

it has been estimated that the benefit, which is related to yield, is

about 70% if a prolonged stress period occurs during the vegetative

stage, and about 35% when the stress period occurs during the reproduc-

tive stage of the crop.

Monthly irrigation benefits in relation to reservoir releases

are determined in the following manner. With reference to the cropping

pattern (Figure 4.1), consider the month of February as an example.

This section in the cropping pattern is divided into four equal parts

by drawing three horizontal lines. It will be noted that the uppermost

quarter (Q1) has crops at the middle of the growing season. The second

quarter below (Q2) has crops mostly at the vegetative stage. The third

quarter (Q3), at the bottom of Q2 , has just been transplanted. The bot-

tom quarter (Q4) is still being prepared and transplanted. If water is

totally cut off during this month, while it is available the rest of the

season, it has been estimated that the benefits from the various quarters

are the following: Q1--50%, Q 2--70%, Q3--85%, and Q4--95%. If one-

fourth of the net water requirement is available it should be used for

Qi, since the maximum benefit would then be realized. With one-half of

the net water requirement available it should be used for Q1 and Q2 .

With three-fourths of the water available it should be used for 
Q 1 , Q2 ,

and Q 3 , and so on to Q4 if there is an additional water supply. 
The

benefit function for each month is determined by getting 
the average

benefit as additional water is made 
available. Using this same proce-

dure for each month, the monthly benefit functions 
are determined and
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these are shown in Table 4.17 and Figure 4.2 at 7% discount rate for

CIF values. June, November, and December have 100% benefit regardless

of the releases. During the month of November no reservoir release is

needed, since the unregulated flow is enough to supply the water require-

ment. During the months of June and December the activities in one-half

of the area are land preparation, which could be delayed if there is no

water; the other half has no farming activities whatsoever.

Table 4.17 indicates that for the month of February, for in-

stance, when only 25% of the net water requirement is released from the

reservoir, the benefit derived is only 87.5% of the total benefit for

February. The total benefit for February, which is a dry season month,

is determined from Table 4.16. The dry season benefit at CIF value and

7% discount rate is 14349.5 million for the six-month period. For each

month during the period of the dry season from December to May the bene-

fit is 1458.25 million. At 25%, release from the reservoir for February

provides a benefit of 1450.969 million, which is 87.5% of the full

benefit.

Note that in Figure 4.2 the curves for the wet season (July,

August, September, and October) crowd to the 
lower left-hand corner

because the reservoir releases and the benefits 
are low, amounting to

only about 40 MCM and	 .8 million pesos, 
respectively, whereas during

the dry season most of the project benefits 
are realized. Besides

there is less precipitation and 
unregulated inflows, which necessitated

releases from the reservoir.



Table 4.17. Percentage of Monthly Benefit as a Function of Reservoir
Release for the Dry and Wet Seasons.

Percent of
Release Dec Jan

Dry Season
Apr MayFeb	 Mar

0 100 93.8 75.0	 48.8	 68.8 96.3

25 100 97.5 87.5 65.0 85.0 100

50 100 100 95.0 80.0 97.5 100

75 100 100 98.8 92.5 100 100

100 100 100 100 100 100 100

Wet Season
Jun Jul Aug	 Sept Oct Nov

0 100 93.8 75.0 48.8 68.8 100

25 100 97.5 87.5 65.0 85.0 100

50 100 100 95.0 80.0 97.5 100

75 100 100 98.8 92.5 100 100

100 100 100 100 100 100 100

88
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Figure 4.2. Monthly Benefit Functions.
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4.5 Power Benefits 

UPRP power benefits are based on the cost of an alternative

thermal plant. Derivation of the power values shown in Table 4.18 have

been based, with some adjustments, on the cost and operation of the

latest thermal plants installed by the National Power Corporation.

At Mutroz Tap, which is about 23 km away from the load center,

available capacity is estimated at 29.7 mw and average annual energy is

229 mwh.

With the set-up of the Aurora-Penaranda Irrigation Project,

where there is an interbasin transfer of water from Aurora to the Panta-

bangan reservoir, it has been estimated that this will generate 10% ad-

ditional energy. Capacity is expected to be essentially the same.

Table 4.19 presents annual power benefits at various discount rates for

both with and without APIP.

Based on r120.95/kw of capacity at 7% interest (Table 4.18),

the annual capacity charge is equivalent to r3.6 million and the energy

charges at r0.223/kwh is equivalent to r51.1 million. With APIP, the

annual energy charge becomes r56.2 million.

4.6 Other Benefits 

Additional benefits due to flood control, municipal and indus-

trial water supply, recreation, and fish conservation were estimated by

the U. S. Bureau of Reclamation (1966). With some adjustments these

benefits are estimated at annual values of: flood 
control--r3,615,000;

municipal water--r207,000; fish conservation--r190,000; 
and recreation--

r115,000.
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Table 4.18. Derivation of Power Values for a Thermal Plant.

Capital cost/kw  	 141,025

Fuel 	  Bunker C

Fuel economy (BTU/kwh)  	 10,500

Fuel cost/million BTU  	 141.9.92

Useful life 	  30 years

Annual Fixed Charges 

Interest  7.0%   

Depreciation 3.3%  

Taxes, insurance, and replacements  1.5%    
11.8%

Capacity charge/kw 	  Vl20.95

Production Charges 

Fuel cost/kwh 	

Operation and maintenance/kwh 	

Administrative and general expenses

Total energy charge/kwh	
V0.223

140.209

0.013

0.001
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Table 4.19. Annual Power Benefits (Million Pesos).
DISCOUNT RATE

7%	 8%	 10%	 12%
	

15%

UPRP Power Phase 

47.741 47.123 45.927 44.787 43.172

Power Phase with APIP

52.202 51.501 50.148 48.858 47.034
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4.7 Benefit-Cost Ratios 

Costs and benefits presented in the previous sections are the

ones used in determining the benefit-cost (B-C) ratios in the following

tables. These tables present the benefit-cost ratios considering the

peso-dollar exchange rates at the time the dollar expenditure was in-

curred (Tables 4.20 to 4.24). Tables 4.25 to 4.29 present the benefit-

cost ratios where the dollar component is valued at a constant rate of

17.50/dollar. The next five tables (4.30 to 4.34) include the benefit-

cost ratios where the dollar component is given a 50% premium based on

r7.50/dollar. With this premium, a dollar is equivalent to r11.25.

In these tables, B-C ratios are determined for the whole pro-

ject including the power phase (Tables 4.20, 4.25, and 4.30). Benefit-

cost ratios are also determined for the following: UPRP, power phase,

and APIP (Tables 4.21, 4.26, and 4.31); UPRP and power phase (Tables

4.22, 4.27, and 4.32); APIP (Tables 4.23, 4.28, and 4.33); and TISIP

(Tables 4.24, 4.29, and 4.34).

Benefit-cost ratios in all of the 15 tables are considered for

various percentages of the areas of the wet season and dry season irri-

gation. As would be expected, B-C ratios are generally lower where the

foreign exchange is given a premium value. Benefit-cost ratios are es-

sentially the same for the other two dollar rates. The B-C ratios are

higher where benefits are based on the CIF values of rice. It seems

logical to consider these B-C ratios based on CIF values of irrigation

benefits, because in spite of recent good harvests, the Philippines is

still a rice importing country.
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Table 4.20. Benefit-Cost Ratios at Variable Dollar Rate, for the Whole
Project.

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 1.24 1.17 1.07 0.97 0.83

100% 100% 1.17 1.10 0.99 0.89 0.76

100% 90% 1.13 1.07 0.95 0.85 0.72

100% 80% 1.09 1.02 0.90 0.80 0.67

CIF Values

110% 110% 1.54 1.45 1.32 1.20 1.03

100% 100% 1.44 1.36 1.23 1.10 0.93

100% 90% 1.39 1.31 1.17 1.04 0.88

100% 80% 1.33 1.24 1.10 0.98 0.82

Table 4.21. Benefit-Cost Ratios at Variable Dollar Rate, 
Excluding

TISIP.

IRRIGABLE AREA

DISCOUNT RATE
7% 8% 10% 12% 15%

Wet Season 	Dry Season FOB Values

1.12
110% 110% 1.29 1.22 1.01 0.88

100% 100% 1.23 1.17 1.05 0.95 0.81

100% 90% 1.20 1.13 1.01 0.91 0.77

100% 80% 1.15 1.08 0.96 0.85 0.72

CIF Values 

110% 110% 1.60 1.51 1.38 1.26 1.08

100% 100% 1.52 1.43 1.30 1.17 0.99

100% 90% 1.47 1.39 1.25 1.11 0.94

100% 89% 1.41 1.32 1.18 1.04 0.87
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Table 4.22. Benefit-Cost Ratios at Variable Dollar Rate, Excluding
APIP and TISIP.

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 1.33 1.27 1.17 1.07 0.93

100% 100% 1.29 1.22 1.11 1.00 0.86

100% 90% 1.26 1.19 1.08 0.97 0.82

100% 80% 1.23 1.16 1.04 0.92 0.78

CIF Values

110% 110% 1.65 1.58 1.45 1.32 1.15

0O% 100% 1.58 1.51 1.37 1.24 1.06

100% 90% 1.54 1.46 1.32 1.19 1.01

100% 80% 1.50 1.41 1.27 1.13 0.95

Table 4.23. Benefit-Cost Ratios at Variable Dollar Rate for APIP.
DISCOUNT RATE

IRRIGABLE AREA 7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 1.11 1.01 0.91 0.80 0.66

100% 100% 1.01 0.93 0.82 0.71 0.58

100% 90% 0.96 0.87 0.76 0.66 0.54

100% 80% 0.83 0.75 0.65 0.55 0.44

CIF Values 

110% 110% 1.37 1.23 1.12 0.98 0.82

100% 100% 1.25 1.1 1.01 0.87 0.72

100% 90% 1.18 1.07 0.94 0.81 0.66

100% 80% 1.02 0.92 0.79 0.67 0.53
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Table 4.24. Benefit-Cost Ratios at Variable Dollar Rate for TISIP.
1

DISCOUNT RATE
IRRIGABLE AREA 7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 0.78 0.72 0.62 0.54 0.44

100% 100% 0.58 0.53 0.45 0.38 0.31

100% 90% 0.54 0.49 0.41 0.35 0.28

100% 80% 0.50 0.46 0.38 0.33 0.26

CIF Values

110% 110% 0.99 0.91 0.78 0.68 0.55

100% 100% 0.73 0.67 0.56 0.48 0.39

100% 90% 0.68 0.62 0.52 0.44 0.35

100%	 80%	 0.63	 0.57	 0.48	 0.41	 0.32 

IThe B-C ratio obtained during the feasibility study (National Irriga-

tion Administration, 1974) was higher than these values. Despite these

present B-C ratios, the project has been constructed for sufficiency

reasons.

Table 4.25. Benefit-Cost Ratios at Constant Dollar Rate for the Whole

Project.

IRRIGABLE AREA

DISCOUNT RATE
7% 8% 10% 12% 15%

Wet Season 	Dry Season FOB Values

110% 110% 1.23 1.17 1.06 0.96 0.83

100% 100% 1.16 1.10 0.99 0.88 0.75

100% 90% 1.13 1.06 0.95 0.84 0.71

100% 80% 1.08 1.01 0.89 0.79 0.66

CIF Values

110% 110% 1.53 1.44 1.32 1.19 1.02

100% 100% 1.43 1.35 1.21 1.09 0.92

100% 90% 1.39 1.30 1.16 1.03 0.87

100% 80% 1.32 1.23 1.09 0.97 0.81
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Table 4.26. Benefit-Cost Ratios at Constant Dollar Rate Excluding
TISIP.

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%
Wet Season Dry Season FOB Values

110% 110% 1.28 1.21 1.11 1.00 0.87

100% 100% 1.22 1.16 1.04 0.94 0.80

100% 90% 1.19 1.12 1.00 0.90 0.76

100% 80% 1.14 1.07 0.95 0.84 0.71

CIF Values

110% 110% 1.59 1.50 1.37 1.24 1.07

100% 100% 1.51 1.42 1.29 1.15 0.98

100% 90% 1.46 1.38 1.23 1.10 0.93

100% 80% 1.40 1.31 1.16 1.03 0.86

Table 4.27. Benefit-Cost Ratios at Constant Dollar Rate Excluding APIP
and TISIP.

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 1.32 1.26 1.16 1.05 0.91

100% 100% 1.28 1.21 1.10 0.99 0.85

100% 90% 1.25 1.18 1.06 0.95 0.81

100% 80% 1.21 1.14 1.02 0.91 0.77

CIF Values

110% 110% 1.64 1.56 1.43 1.30 1.13

100% 100% 1.57 1.49 1.35 1.22 1.04

100% 90% 1.53 1.45 1.30 1.17 0.99

100% 80% 1.48 1.40 1.25 1.11 0.94



Constant Dollar Rate for TISIP.
1

DISCOUNT RATE 
8%	 10%	 12%	 15%

FOB Values 

Table 4.29. Benefit-Cost Ratios at

IRRIGABLE AREA	 7%
Wet Season Dry Season 

110%

100%

100%

100%

110%

100%

90%

80%

110/0

100%

100%

110%

100%

90%

0.54

0.38

0.35

0.32

0.44

0.31

0.28

0.26

0.68

0.48

0.44

0.55

0.39

0.35
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Table 4.28. Benefit-Cost Ratios at Constant Dollar Rate for APIP.

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%
Wet Season Dry Season FOB Values

110% 110% 1.10 1.0i 0.91 0.80 0.6_

100% 100% 1.01 0.92 0.82 0.71 0.58

100% 90% 0.95 0.87 0.76 0.66 0.53

100% 80% 0.83 0.75 0.59 0.55 0.44

CIF Values

110% 110% 1.37 1.23 1.12 0.98 0.82

10 0 % 100% 1.25 1.14 1.01 0.87 0.72

100% 90% 1.17 1.07 0.94 0.81 0.65

100% 80% 1.01 0.92 0.78 0.66 0.53

	0.78	 0.72

	

0.58	 0.53

	

0.54	 0.49

	

0.50	 0.46

	

0.99	 0.91

	

0.73	 0.67

	

0.68	 0.62

0.62

0.45

0.41

0.38

CIF Values 

0.78

0.56

0.52

100% 80% 0.63 0.57 0.48 0.41 0.32 

easibility study (National Irriga-

er than these values. Despite these

constructed for sufficiency reasons.

1The B-C ratio obtained during the f

tion Administration, 1974) was high

low B-C ratios the project has been
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Table 4.30. Benefit-Cost Ratios with Dollar Premiums for the Whole
Project.

IRRIGABLE AREAS
DISCOUNT RATE

7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 1.42 1.35 1.24 1.14 1.01

100% 100% 1.34 1.28 1.17 1.06 0.94

100% 90% 1.31 1.24 1.12 1.02 0.90

100% 80% 1.26 1.19 1.07 0.97 0.83

CIF Values

110% 110% 1.81 1.72 1.59 1.46 1.30

100% 100% 1.71 1.63 1.49 1.36 1.20

100% 90% 1.66 1.58 1.43 1.31 1.15

100% 80% 1.59 1.51 1.36 1.24 1.07

Table 4.31. Benefit-Cost Ratios with Dollar Premium Excluding TISIP.
DISCOUNT RATE  

IRRIGABLE AREAS 7% 8% 10% 12% 15%

Wet Season 	Dry Season FOB Values

110% 110,0 1.51 1.44 1.33 1.23 1.09

100% 100% 1.44 1.38 1.26 1.16 1.02

100% 90% 1.41 1.34 1.22 1.12 0.98

100% 80% 1.36 1.29 1.17 1.06 0.93

CIF Values

110% 110% 1.88 1.80 1.67 1.54 1.37

100% 100% 1.80 1.72 1.58 1.45 1.28

100% 90% 1.75 1.67 1.52 1.39 1.23

100% 80% 1.69 1.60 1.45 1.32 1.16
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Table 4.32. Benefit-Cost Ratios with Dollar Premium Excluding APIP
and TISIP.

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%

Wet Season Dry Season FOB Values

110% 110% 1.58 1.52 1.41 1.30 1.16

100% 100% 1.52 1.47 1.34 1.24 1.10

100% 90% 1.49 1.43 1.31 1.20 1.06

100% 80% 1.46 1.39 1.26 1.16 1.02

CIF Values

110% 110% 1.96 1.89 1.75 1.62 1.45

100% 100% 1.89 1.82 1.67 1.54 1.37

100% 90% 1.85 1.77 1.62 1.49 1.32

100% 80% 1.80 1.72 1.56 1.43 1.26

Table 4.33. Benefit-Cost Ratios with Dollar Premium for APIP.
DISCOUNT RATE

IRRIGABLE AREA 7% 8% 10% 12% 15%

Wet Season	Dry Season FOB Values

110% 110% 1.24 1.14 1.04 0.93 0.80

100% 100% 1.14 1.06 0.95 0.85 0.72

100% 90% 1.08 1.01 0.90 0.80 0.68

100% 80% 0.96 0.89 0.78 0.69 0.59

CIF Values

110% 110% 1.56 1.42 1.31 1.17 1.02

100% 100% 1.43 1.33 1.20 1.07 0.92

100% 90% 1.36 1.26 1.13 1.00 0.86

100% 80% 1.20 1.11 0.98 0.87 0.74
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Table 4.34. Benefit-Cost Ratios with Dollar Premium for TISIP. 1

IRRIGABLE AREA
DISCOUNT RATE

7% 8% 10% 12% 15%
Wet Season Dry Season FOB Values

110% 110% 0.88 0.81 0.72 0.64 0.54

100% 100% 0.68 0.63 0.56 0.49 0.42

100% 90% 0.65 0.60 0.52 0.47 0.40

100% 80% 0.61 0.57 0.49 0.44 0.38

CIF Values

110% 110% 1.12 1.05 0.92 0.82 0.70

100% 100% 0.87 0.81 0.71 0.63 0.54

100% 90% 0.83 0.77 0.67 0.60 0.51

100% 80% 0.78 0.72 0.63 0.56 0.49

1The B-C ratio obtained during the feasibility study (National Irriga-
tion Administration, 1974) was higher than these values. Despite these
low B-C ratios the project has been constructed for sufficiency reasons.
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Of the various phases of the project, UPRP combined with the

power phase has the highest B-C ratios. The lowest B-C ratios are ob-

tained from the Tarlac project. The main reason for this is the very

small irrigable area during the dry season cultivation for TISIP.

The internal rate of return is that discount rate where the B-C

ratio is equal to unity. From this set ot ratios, the approximate in-

ternal rate of return can be easily interpolated. Referring to Table

4.26, where the exchange rate is ?7.50/dollar based on CIF values of

benefits, and considering 100% of the irrigable area for both seasons

of the year, the internal rate of return is equivalent to 14.6%. This

internal rate of return is for the combination of the power phase, UPRP,

and APIP. Where the foreign exchange has a premium value (Table 4.31),

the same conditions as referred to above yield an internal rate of re-

turn of 19.9%.

Benefit-cost ratios as a function of discount rate are plotted

in Figures 4.3 to 4.5. These figures refer to CIF values of benefits

and 100% of the irrigable area for both seasons of the year. Figure 4.3

considers the variable rate of the dollar at the time the foreign ex-

change component was incurred. Figures 4.4 and 4.5 consider the dollar

rate at 167.50/dol1ar and at a premium rate, respectively. It will be

noted from these three figures that the trend of the B-C ratios as a

function of discount rate is the same, and they differ mainly due to the

exchange rate of the dollar.

From these figures, the internal rate of 
return can also be

determined. This is shown in Figure 4.4 for graph 2 by 
the lines a, b,
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Figure 4.3. Benefit-Cost Ratios at Variable Dollar Rate.
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Discount Rate (%)

Figure 4.4. Benefit-Cost Ratios at Constant Dollar Rate.
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Figure 4.5. Benefit-Cost Ratios with Dollar Premiums.
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and c emanating from the B-C ratio of unity. The internal rate of re-

turn obtained approximates the value interpolated earlier at 14.6%.

Benefit-cost ratios for the power phase and the UPRP Phase I

are shown in the next section. These B-C ratios are based on the allo-

cated costs also shown in that section.

4.8 Cost Allocations 

Project costs are allocated to various purposes using the sepa-

rable cost-remaining benefits method. TISIP is not included in the cost

allocation because it is entirely separate from the UPRP as far as water

source is concerned. APIP likewise is excluded in cost allocation; al-

though the water passes through the Pantabangan Dam, its costs can be

easily separated. The items in the cost allocation are the UPRP (Phase

I) irrigation, power generation, flood control, recreation, municipal

and industrial water supply, and fish conservation. Table 4.35 presents

a sample of cost allocation where irrigation benefit is expressed in its

CIF value, and where the foreign exchange cost is valued at 1i7.50/do11ar.

Table 4.36 summarizes cost allocations to power generation, irri-

gation, and flood control at various discount rates. Allocated costs for

other purposes such as recreation, fish conservation, and municipal

water supply are not included in the table. Costs attributable to these

minor purposes would be equal to the difference between the total pro-

ject costs and the sum of the allocated costs for power, irrigation, and

flood control.

In the case where there is a dollar premium, the allocated costs

at 15% discount rate are greater than the benefits except for irrigation.
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The amount of allocated costs should not be less than the specific or

separable costs nor more than the benefit. Allocated costs in this case,

as indicated in Table 4.36, are equal to the benefit of the project pur-

pose. In these cost allocations irrigation benefits have been based

on CIF values of rice where 100% of the wet and dry season areas are

cultivated.

Based on these allocated costs, B-C ratios for irrigation and

power purposes are shown in Table 4.37.
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Table 4.36.	 Annual Allocated Costs (Million Pesos).
DISCOUNT RATE

Project Purpose 7% 8%	 10% 12% 15%

At Variable Dollar Rate

Irrigation 262.5 270.9	 287.9 311.0 352.5

Power 25.8 28.8	 34.2 38.9 41.7

Flood Control 2.0 2.2	 2.4 2.7 3.4

At 17.50/Dollar

Irrigation 264.8 273.2	 290.8 313.9 359.0

Power 25.9 29.4	 34.8 39.5 42.0

Flood Control 2.1 2.2	 2.4 2.8 3.5

With Dollar Premium

Irrigation 279.1 287.4	 310.0 337.6 391.2

Power 29.3 32.1	 37.9 42.1 42.11

Flood Control 2.2 2.3	 2.6 3.1 3.6 1

1-Value of benefit.
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Table 4.37.	 Benefit-Cost Ratios Using Allocated Costs.
DISCOUNT RATE

Project Purpose 7% 8%	 10% 12% 15%

At Variable Dollar Rate

Irrigation 1.56 1.49	 1.37 1.25 1.07

Power 1.88 1.66	 1.35 1.14 1.01

At r7.50/Do11ar

Irrigation 1.54 1.48	 1.36 1.23 1.05

Power 1.87 1.62	 1.32 1.12 1. 0 0

With Dollar Premium

Irrigation 1.90 1.83	 1.66 1.49 1.25

Power 1.66 1.49	 1.21 1.05 1.00



CHAPTER 5

IRRIGATION FEES AND THE COLLECTION THEREOF

5.1 Average Costs 

Quantifiable project costs needed to realize irrigation benefits

include investment costs; operation, maintenance, and replacement costs;

and crop production costs. Allocated irrigation costs for the UPRP

shown in Table 4.33 include these cost items. Subtracting the operation,

maintenance, and replacement costs (Section 4.3) and the production costs

(Table 4.9) from the allocated costs gives the annual investment costs

for the UPRP irrigation project. Dividing these investment costs by the

total area gives the annual investment/hectare/year.

Annual investment costs for APIP and TISIP are included in

Tables 4.6, 4.7, and 4.8. The investment costs per hectare are presented

in Table 5.1. In arriving at these figures on a per hectare basis, the

divisors used are the wet season irrigated areas, which are 83,000,

25,000, and 34,000 hectares for UPRP, APIP, and TISIP, respectively.

Referring to Table 5.1, it appears that TISIP has the lowest

investment cost per hectare. On a per hectare per season basis, UPRP

has the least cost while APIP has the highest, with TISIP following very

closely. This is due to the big difference between the wet and dry sea-

son irrigated areas in the case of TISIP. In the UPRP, the area cover-

age is very extensive for both seasons of the year (Table 4.10).
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Table 5.1. Annual Irrigation Investment Costs (Pesos/Hectare).

Project
DISCOUNT RATE

7% 8% 10% 12% 15%

At Variable Dollar Rate

UPRP 680 808 1063 1387 1946

APIP 1159 1311 1628 1997 2466

TISIP 571 640 780 919 1126

At Constant Dollar Rate

UPRP 706 836 1098 1422 2024

APIP 1161 1313 1631 2201 2470

TISIP 571 640 780 919 1126

With 50% Dollar Premium

UPRP 881 1007 1329 1707 2240

APIP 1321 1496 1852 2220 2788

TISIP 662 744 909 1076 1323
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Total costs are obtained by adding the operation, maintenance,

and replacement costs to the annual investment, which has been estimated

at r170/ha/yr. The present irrigation fees within the project areas

are equivalent to 300 kg of paddy or r330/ha/yr for a double crop of

rice. Forty-two percent of this irrigation fee is for the first or wet

season crop, and 58% is for the second crop. Depending upon the dis-

count rate of foreign exchange, the present irrigation fee amounts to

11-45% of the total cost, but more than covers the estimated operation,

maintenance, and replacement costs.

The NIA may decide to assess an irrigation fee equivalent to

the loan amortization within a period of 25 years. Getting the annual

values of the dollar components included in Tables 4.1, 4.3, and 4.4 and

dividing them by the corresponding wet season irrigated areas indicated

in Table 4.10, the respective irrigation fees are r264/ha/yr for UPRP,

r417/ha/yr for APIP, and r260/ha/yr for TISIP. These values are arrived

at for a discount rate of 7%, which approximates the interest 
rate being

charged by the World Bank and an exchange rate of r7.50/dol1ar. 
In ad-

dition, these values are applicable beginning from the 
first year of

operation of the project.

5.2 Irrigation Benefits

In the various phases of the project there 
have been areas with

and areas without irrigation facilities both seasons 
of the year. The

respective areas covered both irrigated and 
non-irrigated, after the

project and before the project, are indicated 
in Table 4.10 and the re-

spective yields are shown in Table 4.11.
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Irrigation benefits in this section have been determined for

particular areas considering future conditions with project and future

conditions without project. Irrigation benefits may serve as a basis

for assessment of irrigation fees. These benefits are determined indi-

vidually for areas with:

1. full irrigation over rainfed areas,

2. full irrigation over wet season irrigated areas,

3. full irrigation over wet and dry season irrigated areas, and

4. wet season irrigation over rainfed areas.

These benefits are expressed in both FOB and CIF values. They

are also expressed in terms of local farm gate prices actually received

by the farmers in 1975, as explained in the next section. For the wet

season production of 1975, the farm gate price received by the farmers

was equivalent to the government price of 1$1,000/MT; for the dry season

production it was 22.8% higher. These benefits, which are net of produc-

tion costs indicated in section 4.2, are presented in Tables 5.2 and

5.3. It will be noted in these tables that the largest benefits are

obtained from formerly rainfed areas, which become fully irrigated by

the project. As expected, the least benefits came from areas which had

been irrigated both seasons of the year. In this case, increased bene-

fits came mainly from increased dry season yield after the project. In

Table 5.3, the irrigation benefits under the "wet season irrigated over

rainfed area" do not apply to APIP, since the same areas are cultivated

in this project both seasons of the year.
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Table 5.2. Annual Net Irrigation Benefits for UPRP (Pesos/Hectare). 
	Basis of 	 DISCOUNT RATE 
	Benefit	 7%	 8%	 10%	 12%	 15%

Fully Irrigated Over Painfed Area 

FOB
	

2223	 2198	 2147	 2105	 2046

CIF
	

3712	 3670	 3585	 3515	 3417

1975 local price	 2556	 2526	 2468	 2420	 2352

Fully Irrigated over Wet Season Irrigated Area 

FOB	 1667	 1650	 1617	 1587	 1549

CIF	 2784	 2756	 2700	 2650	 2587

1975 local price	 1916	 1897	 1858	 1825	 1781

Fully Irrigated over 
Dry and Wet Season Irrigated Area 

FOB	 317	 305	 284	 263	 242

CIF	 403	 387	 360	 333	 307

1975 local price	 336	 323	 301	 279	 256

Wet Season Irrigated over Rainfed Area 

FOB	 1387	 1366	 1324	 1293	 1240

CIF	 1760	 1733	 1680	 1640	 1573

1975 local price	 1470	 1448	 1404	 1370	 1315
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Table 5.3.	 Annual Irrigation Benefits for APIP and TISIP
(Pesos/Hectare).

Basis of
Benefit

DISCOUNT RATE
7%	 8% 10% 12% 15%

Fully Irrigated over Rainfed Area

FOB 1819	 1751 1625 1507 1360

CIF 3037	 2924 2714 2517 2271

1975 local price 2091	 2013 1868 1733 1563

Fully Irrigated over Wet Season Irrigated Area

FOB 1364	 1314 1221 1137 1027

CIF 2778	 2193 2039 1898 1715

1975 local price 1568	 1510 1404 1307 1181

Fully Irrigated over
Dry and Wet Season Irrigated Area

FOB 252	 242 210 189 158

CIF 320	 307 267 340 200

1975 local price 267	 256 223 201 167

Wet Season Irrigated over Rainfed Area

FOB 1135	 1093 1009 925 830

CIF 1440	 1386 1280 1173 1053

1975 local price 1203 	1159 1069 980 880
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Irrigation benefits of the overall project are determined by

figuring the differences between the annual benefits included in Tables

4.12, 4.13, and 4.14 and the production costs in Table 4.9. These dif-

ferences, divided by their respective areas, give the benefits per hec-

tare per year based on FOB and CIF values of rice. Irrigation benefits

are also expressed based on 1975 prices locally. These benefits are

presented in Table 5.4.

As in the case of investment costs, annual benefits for TISIP

are also much lower than the first two phases of the project, the reason

behind this being that only about 18% of the total irrigable area is

double cropped.

Irrigation charges based on benefits provide differential rates

depending on the situation of the farm before the project. This is be-

cause those farmers who were worst off before the project since their

farms were not irrigated would be charged the highest water rates be-

cause they would obtain the highest net benefit. The smallest irrigation

fees would be charged to those whose farms had enjoyed full irrigation

before the project. This would be a complicated procedure and would

contribute to unequal distribution of wealth.

5.3 Capability to Pay 

One basis of irrigation fee assessment is the ability of a farmer

to pay, considering his farm income and expenses. His income normally

depends upon the area of the land he cultivates, the yield that he gets

from the land, and the price that he receives for his products. His
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Table 5.4. Overall Annual Irrigation Benefits (Pesos/Hectare).
Basis of
Benefit

DISCOUNT RATE
7% 8% 10% 12% 15%

UPRP

FOB 1547 1531 1498 1470 1430

CIF 1960 1946 1893 1866 1813

1975 local price 1638 1626 1582 1560 1515

APIP

FOB 1004 916 892 824 752

CIF 1280 1160 1133 1040 960

1975 local price 1069 969 947 869 802

TISIP

FOB 256 244 224 209 188

CIF 320 307 280 267 240

1975 local price 267 256 234 223 201
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expenses depend upon the agricultural inputs that he applies such as

fertilizers and other agricultural chemicals, labor in the case of me-

chanical weeding, and the general care of the crop. The amount of these

expenses depends upon the availability of credit and the risks he is

willing to assume. Some farmers who do not want to assume the risks

may not apply as much fertilizer or may not employ as much labor in

caring for their crops. The other items of expense are fairly standard

for the size of the farm; these include tillage operations, seeds,

planting, and other related activities.

During abnormal times the farmer's income and expense may be

altered. Typhoons, floods, drought, and pests usually decrease the in-

come of the farmer. Repair of paddy levees and farm ditches and some-

times repair of his home after the floods and typhoons increase his

expenses. Undoubtedly, all of these factors affect his ability to pay

these expenses.

In 1975 the agricultural department of the UPRP surveyed 143

farms within the UPRP and APIP service areas. Ninety-five of these

farms had dry and wet season irrigation, while the rest were rainfed

areas. Results of these surveys about farm income and expenses are 
pre-

sented in Table 5.5. The average irrigated area per farm was 2.88 ha

for the wet season and 1.85 ha for the dry season. Rainfed areas which

are cultivated during the wet season alone average 2.67 ha per 
farm.

The cost of production for the irrigated areas excludes 
irrigation fees

in this computation. The value of living expenses for 
1974-75 was ob-

tained from a study by Tagarino (1976) within the UPRP 
service area.
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Table 5.5. Farm Business Summary, 1975.

IRRIGATED	 RAINFED

1. Average area per farm

Wet season (ha)

Dry season (ha)

2. Total production (tons)

3. Production value ()

4. Production cost 06 ) 1

5. Net income (3-4)

6. Living expenses

	2.88	 2.67

1.85

	

13.02	 6.17

	

13,138	 6,169

	

8,444	 4,188

	

4,694	 1,981

	

5,969	 5,969

	

- )	 - )  7. Ability to pay (5-6)    

lExcluding irrigation fee
2Adapted from Tagarino (1976) 
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These living expenses, which average almost 56,000/yr per farm family,

were obtained by adding up all expenditures and all consumption of farm

products to products used from outside the farm. This sum turns out to

be greater than the net income per farm (Table 5.5). Based on Table 5.5,

which summarizes the farm income and expenses of several farm families

in 1975, the farmers could not pay the irrigation fees. To maintain this

level of living, the farmers have to have other sources of income in ad-

dition to their farming activities. Many farmers are actually doing this.

They do odd jobs like working for other people in the community, vege-

table gardening for home consumption and/or for sale, fishing, and simi-

lar other income-generating activities.

Capability of the farmer to pay may not be a sound basis of

irrigation fee assessment. Instead of being based on the net income of

the farmer, it should be based on the net income of the farm.

A farm business summary has been prepared for the case when the

full potential of the farm is attained. Using the estimated yields

(Table 4.11) and the selling prices in 1975, the results are presented

in Table 5.6. In this projection, the farmer cultivates the whole area

of his farm and incurs the same living expenses. Under this condition

of increased yields, he is now capable of paying his irrigation fees.

5.4 Conclusions 

On the basis that the average farm income is still low, the NIA

should continue assessing the present rate of 300 kg of paddy/ha/yr or

its cash equivalent. Once the full project potential has been realized,
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Table 5.6.	 Farm Business Summary at Projected Development.

1. Average area per farm

Wet season (ha) 2.88

Dry season (ha) 2.88

2. Total production (tons) 24.07

3. Production value (V) 24,288

4. Production cost (r) 14,103

5. Net income (3-4) 10,185

6. Living expenses (r) 5,969

7. Ability to pay (5-6) 4,216
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the irrigation fees could be reevaluated. At that time, the farmers

should be able to pay the full irrigation fee.

To increase revenues, the NIA could improve its collection rate

further. The average irrigation fee collection rate during the last

four years was about 50%. The reasons for recommending an irrigation

fee of 300 kg/ha/yr are as follows:

1. The irrigation fee has been increased recently from 1660 to

T5330/ha/yr (equivalent to 180 kg to 300 kg paddy). As a

result of this increase, the collection rate has dropped

below 50%.

2. To supplement his farm income the farmer has had to find

other sources of income to keep up with his living expenses.

His income from his farm operations does not yet warrant

payment of additional costs.

3. The Philippine government has a policy of increased agri-

cultural production. Several million pesos are being spent

every year for infrastructure development. Loans of mil-

lions of pesos annually are being made available to the

farmers to step up agricultural production. Increasing

irrigation fees further to recover the total project cost

at this time might jeopardize national goals of food self-

sufficiency.

4. On the other hand, the present irrigation fee should not

be decreased. At the present rate there is already a gov-

ernment subsidy. Additional help to the farmers should be
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in other forms such as improved agricultural extension pro-

grams, agricultural reforms, marketing facilities, health

and medical care, and similar government activities.

5. The present irrigation fee approximately covers repayment

of foreign loans with a 100% collection rate.

5.5 Collection of Irrigation Fees 

Irrigation fee collection in the gravity systems of the NIA

averages about 50%. Even when the irrigation fee was V60/ha/yr, repre-

senting a heavy subsidy for full irrigation both seasons of the year,

the collection rate was not much better. This poor collection rate

could not provide adequate repair and maintenance services for the ir-

rigation systems. Many farmers, on the other hand, are reluctant to

pay their irrigation fees because of the poor service they claim they

receive from the NIA. To improve fee collection, the NIA even offers

an incentive bonus to bill collectors.

Irrigation fees in all systems of the NIA have been increased

recently due to the increase of the overall costs of establishing and

operating an irrigation system. These irrigation fees now amount to

250 kg of paddy/ha/yr of full irrigation or its cash equivalent for

for ordinary gravity systems, and 300 kg for special projects like the

UPRP. In monetary terms, this increase is equivalent to 4.5-5.5 times

the previous rate of 1660. In some irrigation systems, there has al-

ready been a marked decrease in the percentage collection, although

total value of the collections has increased due to the increased rate.

Data are not yet available, but this seems to be the trend in most of
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the irrigation systems of the NIA. An information campaign has been

going on to increase fee collection. This campaign is being waged both

by the NIA and the Department of Local Government and Community Develop-

ment (DLDCD) and has been publicized all over the country, even as the

penalty for unpaid dues has been increased.

5.5.1 Irrigators' Groups

The agricultural department of the Upper Pampanga River Project

is now in the process of organizing Irrigators' Groups (IC). Members of

an Irrigators' Group are the farmers of a rotation area. The officers

of an IG come from the unit leaders. A rotation unit is composed of

about ten hectares with about five farmers. These farmers are supposed

to elect one person among them to be a leader of the group An elected

officer from among the five unit leaders represents a rotation area of

about fifty hectares. An Irrigators' Association is formed with member-

ship from ten rotation areas, which is assisted by the Water Management

Technicians and other field personnel of the UPRP.

Farmers' organizations in the Philippines have been studied by

Van Steenwyk (1975). Several communal systems and irrigation associa-

tions have been investigated in the province of Laguna (Ongkingco, 1973a).

Many of them were found to be loosely constituted, having little author-

ity and seldom very effective. Since we deal with human elements, ef-

fectiveness and cooperation do not occur overnight (Cruz, 1973). This

requires hard work, and personnel of the project must guide and nurture

its development until it can fully operate and perform its goals. The
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objective of forming an association should be to create leadership and

not merely to organize. Another objective should be to hasten educa-

tion and training for an effective and functional organization.

According to Ingersoll (1969), an irrigation association must

be capable of maintaining the dikes and ditches adequately and to handle

water distribution to its members. It must also be able to resolve

water disputes and to receive and effectively use external assistance

such as credit and training.

The Irrigators' Groups that are being organized by the UPRP are

supposed to assist the management of the irrigation system downstream

of the turnout, coordinate other support systems to increase production,

and to promote rural social development.

Farmers are now supposed to maintain dikes and ditches and co-

ordinate water delivery. The Irrigators' Groups should coordinate pro-

duction input and output delivery systems, promote new technology for

increased production, coordinate training and extension assistance, and

introduce business management principles to the members.

In the promotion of social development, the IG should provide

the opportunity for smooth interpersonal relations (Coward, 1973) be-

tween the association members and the NIA field personnel and the frame-

work for improved relationship with various private and government

organizations offering assistance.

Selection of group leaders and association officers is very im-

portant, since they should be able to represent their organizations in

acting upon the needs and concerns of the members. They should be able
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to implement and supervise water distribution policy. Officers of the

association should be able to negotiate with various government and

credit institutions for necessary support services.

5.5.2 Alternatives in Fee Collection

This section presents some alternative courses of action to

boost collection of irrigation fees. It is hoped that some may be se-

lected or even modified before implementing to suit local situations.

Irrigators' Groups. Collection of irrigation fees could be ef-

fected through the Irrigators' Groups instead of through individual

farmers, when they are well organized and running smoothly. Again this

would require smooth interpersonal relations between the group members

and the leaders on one hand, and the ditch tenders, water masters, and

the regular collectors on the other. One such arrangement may be for the

leader to advise the collectors when the farm produce has been sold by

the farmers, with the farmers' approval. The concept is for the timing

of collection to coincide with the disposal and sale of the products.

Collection of irrigation fees in kind should be done at harvest time.

A more efficient arrangement would be where the leader is qualified to

make the collections and handle the money himself. To assure that he

would do a satisfactory job he should be properly compensated.

One concept in the Compact Farms which is being promoted by

the Department of Agrarian Reform and the Agricultural Credit Admini-

stration (1975) is joint and several liability of the farmers for

production loans. If this concept could be integrated into each
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rotation unit, the unit leader could then turn over the irrigation fees

from about five farmers to the Irrigators' Group chairman, who in turn

would deliver it to the NIA. To avoid misappropriation of irrigation

fees, NIA official receipts should be received by the farmers within a

reasonable time. For this matter, the chairman could be bonded for

safety and security of public funds.

Whatever way irrigation fees are collected, it is very important

that the farmers know that the amount is fair and that they should pay

the irrigation fee for a better service from the irrigation system.

Also, the NIA should exert all efforts to improve the service to the

farmers.

Rural Banks and other Credit Institutions. Irrigation fees may

be paid by the farmers to the rural banks and other credit institutions.

A majority of the farmers are now taking advantage of the credit facil-

ities available to them. Every cropping season farmers borrow produc-

tion funds from the banks. The borrowed amount should be certified by

a production technologist or technician assigned to the locality.

These technicians are representatives of the Bureau of Plant Industry

or the Bureau of Agricultural Extension. Certain amounts are released

by the bank to the farmers, as scheduled by the technician. Interest

is paid according to the amount and time of release. These production

funds are supposed to be paid back by the farmers at harvest season.

Upon repayment at the end of the season, the irrigation fees could be

added to the production loans borrowed by the farmers, and the banks

could transmit these irrigation fees to the NIA. The bank should
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receive a fee from the NIA for this service. The farmer should not have

to pay any interest for the irrigation fee because the amount paid by

the farmer would be the amount transmitted by the bank to the NIA.

With the cooperation of the banks, an irrigation fee receipt

from the NIA could be made a prerequisite for the approval of a sub-

sequent production loan. The assistance of the Bureau of Plant Industry

(BPI) and the Bureau of Agricultural Extension (BAE) could also be ob-

tained. Production technologists and technicians could be asked not to

certify loan applications of the farmers without the necessary NIA irri-

gation fee receipt for the previous season.

Municipal Treasurer. Irrigation fees could be paid by the

landowner directly to the office of the municipal treasurer together

with his real estate tax. In general, people are now conscientious

about paying their taxes to the government, be it real estate or income

tax. The municipal treasury could then transmit these funds to the NIA.

Private Collection Agency. The last alternative suggested is

the appointment of a private collection agency, which would work on a

percentage basis. However, a limited survey of collection firms in

Manila indicated that these agencies are not too keen to handle many

small accounts in the provinces.

The experience of the National Grains Authority (NGA) in col-

lecting irrigation fees in kind on behalf of the NIA has not been very

satisfactory. The NGA does not have sufficient collection centers at

strategic locations where the farmers can bring their produce.



CHAPTER 6

SUMMARY AND CONCLUSIONS

Development of the various phases of the Upper Pampanga River

Project involves more than 1A1.7 billion of local and foreign exchange.

Primarily, it consists of irrigation development, hydropower generation,

and flood control. Other purposes of the project include municipal and

industrial water supply, fish conservation, and recreation.

The first phase of the project, the construction of Pantabangan

Dam and appurtenant structures and the development and rehabilitation

of the service area, has been recently completed. Construction and

development of the other phases such as the power phase, the Aurora-

Perfaranda Irrigation Project, and the Tarlac Irrigation Systems Improve-

ment Project, are still going on. Upon completion, the whole project

would irrigate about 142,000 has during the wet season and 110,200 has

during the dry season. Before the construction of the project, the

cultivated areas were 87,650 has irrigated and 54,350 has rainfed during

the wet season and 28,650 has irrigated during the dry season. The at-

tainment of the projected yields from this irrigation development would

mean more than 600,000 MT of milled rice production annually.

For the amortization and operation costs of the gravity irriga-

tion systems, the National Irrigation Administration collects an irriga-

tion fee of 300 kg paddy/ha/yr, which in 1976 is equivalent to 10330/ha/yr

130
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for two season rice irrigation. At this rate of irrigation fee charges,

the collection rate is less than 50%. When the irrigation fee was

i460/ha/yr (1966-1975), which in 1966 was equivalent to 180 kg of paddy,

the collection rate averaged 50%. The main objective of this study was

to develop policies for setting irrigation fees for the UPRP. In the

process, project costs, benefits, and capability of the farmers to pay

have been investigated. In addition, irrigation fee collection schemes

have been devised to increase percentage of collection. It is hoped

that the results of this study will be helpful to the NIA in establish-

ing irrigation fee policies for other irrigation projects under construc-

tion or under study.

Investment costs of the different phases of the project have

been determined using various discount rates and values of foreign ex-

change rates. Discount rates from 7-15% have been considered. Values

of foreign exchange rates have been evaluated based on a) the foreign

exchange rate at the time the investment cost was incurred, b) the ex-

change rate of V7.50/dollar, and c) a premium on the dollar. The foreign

exchange rate during the construction period ranges from less than

14/dollar to 167.50/dollar. Annual values of these investment costs have

been computed based on a fifty-year period of analysis.

Agricultural production costs were computed based on various ir-

rigable areas. Dry season irrigable areas range from 80-110% of the es-

timated dry season irrigated areas, and wet season irrigable areas range

from 100-110% of the estimated wet season areas. These irrigated areas

have been varied considering management efficiency and availability of
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water. In addition, production costs have been based on the yield of

paddy at the rate of r630/T. The difference in the cost of production

with no project and with the project has been considered in evaluating

the cost of production.

Other project costs that have been considered are the operation,

maintenance, and replacement costs for both irrigation and power genera-

tion, anticipated drainage costs, costs due to reservoir inundation,

recreation, and fish conservation.

Project benefits due to irrigation, like the production costs,

have been determined at various wet and dry season areas. Paddy yields

are assumed to increase uniformly within ten years from the start of

project operation. After ten years of irrigation operation yields are

assumed to be constant during the rest of the economic life of the proj-

ect.	 Yields for future with the project and future without the project

are both considered. These farm yields are valuated based on FOB and

CIF values of rice importation during the last three years. Irrigation

benefits have been determined for UPRP, API?, and TISIP areas.

Benefits due to power generation have been evaluated based on

the estimated available capacity and average annual energy. The APIP

project is estimated to contribute an additional 10% of energy to the

power benefits. These power benefits have been valuated based on the

cost of an alternative thermal plant wherein the annual fixed charges

and production charges have been determined.

Benefits due to flood control, municipal water, fish conserva-

tion, and recreation have likewise been considered.
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Considering these project benefits and costs, benefit-cost ratios

have been determined. These B-C ratios were computed for each of the

different phases individually and for the overall project. In deter-

mining these ratios, the value of the foreign exchange, the irrigable

areas, and the value of irrigation benefits--whether expressed in CIF or

FOB--have been considered. In this B-C ratio determination, it was found

that the UPRP power phases had the highest values. The lowest B-C ratios

were obtained from the Tarlac project. The main reason behind the low

ratios for TISIP is its low number of irrigated areas during the dry sea-

son. High B-C ratios were obtained where the foreign exchange had a

premium value and where irrigation benefits were expressed in CIF values.

For the Philippine situation, it is more appropriate to express irriga-

tion benefits in the CIF values of rice because complete self-sufficiency

in rice production has not yet been attained. Although with reasonable

success in population growth control, the Philippine government planners

are optimistic that self-sufficiency in food production will be achieved.

The internal rates of return have been determined also for UPRP,

power, and APIP phases combined. These were found to be 14.6% where the

dollar had a zero premium value and 19.9% where the foreign exchange had

a premium value.

In the case of UPRP and power phases, joint costs were allocated

to the various purposes using the separable cost-remaining benefits

method. The Tarlac project and the Perfaranda project are not included

in the cost allocation. TISIP is entirely separate and distinct from

the UPRP so that its exclusion from cost allocation is very obvious.
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On the other hand, APIP costs are easily separated from UPRP, hence its

exclusion from cost allocation. UPRP irrigation, power generation, flood

control, municipal water, recreation, and fish conservation were the fac-

tors considered in the cost allocation. As before, B-C ratios were de-

termined using the allocated costs. However, this time these ratios

were computed only for power generation and UPRP irrigation, considering

the values of the foreign exchange and the various discount rates.

Benefit-cost ratios before cost allocation (where TISIP and APIP were

excluded) and after cost allocation (for power generation and UPRP irri-

gation) are essentially the same, the reason being that no cost can be

allocated to any purpose smaller than its separable cost nor more than

its benefit.

Possible bases of irrigation fees have been determined. These

are the average costs, benefits, and capability to pay approaches.

Average cost for the UPRP has been determined from the allocated costs.

Investment costs are expressed on a per hectare per year basis where

the total areas used were the wet season irrigated areas for UPRP, APIP,

and TISIP. As before, these costs are based on various values of the

dollar and on various discount rates.

Irrigation benefits have been determined for particular areas

considering future with project and future without project. These bene-

fits are determined for areas with a) full irrigation over rainfed

areas, b) full irrigation over wet season irrigation, c) full irriga-

tion over dry and wet season irrigation, and d) wet season irrigation
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over rainfed areas. These benefits are expressed in both FOB and CIF

values of rice. They are also expressed in terms of local farm gate

prices actually received by the farmers in 1975.

The farmers' capability to pay was based on a survey of some 143

farmers in the UPRP and APIP service areas for the two cropping seasons

in 1975. It was found out that after subtracting the living expenses

from the net farm income the ability to pay was negative. Many farmers

have to supplement their farm income by fishing, doing odd jobs in the

community where they live, working for other farmers, and other similar

activities.

While the income of the average farmer is still low, the present

irrigation fee of 300 kg of paddy or its present monetary equivalent of

r330/ha/yr should be retained for approximately five years. The farmers

are not yet capable of paying the total cost of the project. However,

with 100% collection this present irrigation fee would adequately cover

the foreign loan for the UPRP. The emphasis for the present should

therefore be on improving the collection percentage.

Collection of irrigation fees can be effected through the assist-

ance of the Irrigators' Groups or through the credit lending 
institutions.

Another possibility is the payment of irrigation fees by the landowners

to the municipal treasurer when the real estate tax is paid. 
Payment of

irrigation fees through a private collection agency is not feasible.

Neither does it seem feasible for the National Grains Authority to col-

lect the irrigation fees in kind under present arrangements.
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