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ABSTRACT
IMPACT ON RURAL INCOMES OF IMPROVED WATER
MANAGEMENT PRACTICES IN MILAGRO COUNTY, ECUADOR
by
Phillip H. Lloyd, Master of Arts
Utah State University, 1972
Major Proressor: Dr. Allen LeBaron

Department: Agricultural Economics

Farm budgets based on survey data are used to calculate the net
revenue for average irrigated and unirrigated farms for four tenure
classes on the Milagro irrigation project, Ecuador. Differences in
net revenues between irrigated and unirrigated farms within each tenure
class are assumed to be the return to investment in irrigation capital,
assuming homogeneity of all other production factors.

The internal rate of return is calculated on investment in irri-
gation capital assuming returns to such an investment are the difference
in net revenues between irrigated and unirrigated farms. Investment in
such capital is found to be highly profitable assuming the opportunity
cost of capital 1is 12 ner cent. However, small size farms (minifundios)
are relatively more profitable than larger farms.

Also, the pure economic profit (rent) accruing to each hectar of
land is determined. This is done by finding the water tariff that

causes the intemal rate of return to fall to 12 per cent and subtracting

X



the current water tariff per hectar (S/. 200) from the maximum tariff.
The difference 1s rent per hectar, which is greater for small farms than
'larger ones. However, when total land area by tenure class is

considered, larger farms capture the greatest share of the economic

rent from the project.

(122 pages)
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INTRODUCTION

Problem

This thesis considers the following problem, "Is there economic
Justification for irrigation ceopital investment in the Milagro
development project of Ecuador?" The thesis can be thought of as
a case study of the general question, "What levels of irrigation
capital investment can be justified economically in underdeveloped

countries?"

Justification

Agriculture and agricultural production play an important role
in the activities and policies of most lesser developed countries. In
many cases, agricultural commodities are predominant among a country's
exports, as well as sustaining the nutritional needs of people within
the country. As Table 1 shows, the population of Ecuador is growing

at an jucreasing rate.

- Table 1. Growth rates in Ecuador

Birth Rate Death Rate Growth Rate
Year per 1000 per 1000 per cent
1950 46.2 17.3 2.94
1960 47.3 14.0 3.28
1968 47.7 13.5 3.42

Source: (7)



The data in Table 2 were collected by Ital Consult in 1964, and
indicate that at that time Ecuador had the lowest per capita con-

sumption of calories and protein in Latin America.

Table 2. Food values consumed in Latin America

Calories Protein
Country per day grams/day
Ecuador 1826 48
Peru 2060 52
Colombia 2200 48
Venezuela 2300 64
Mexico 2440 68
Paraguay 2500 68
Chile 2570 77
Brazil 2640 68
Argentina 2950 91
Uruguay 2960 . 96

Source: (6, p. 68)

Increasing quantities of agricultural products are needed to meet
the dual problem of Ecuadorians, that of a difficiency iu calories and
protein in the diet, and the rapid growth of the population itself.

Food products, as well as durable goods and capital goods, are
imported into Ecuador from Japan, The United States, western Europe
and other Latin American countries to help alleviate the problem.

Table 3 shows that imports, in general, have been increasing in impor-
tance, and exports have decreased as a percentage of the gross domestic

product.



Table 3. Balance of trade in Ecuador

Exports Imports Balance of Trade
Year Z of GDP % of GDP millions of U.S.$
1960 | 16.8 12.5 +38.5
1966 14.9 12.1 +34.5
1967 14.6 13.0 +24.4
1968 14.2 14.7 - 2.0
1969 11.5 13.5 -31.9

Source: (21, p. 94)

Food commodities as a share of imports are also increasing. Table

4 is used to show the rate of growth of food imports.

Table 4. TImportation of food products

Value Index Rate of
Year 1967 = 100 Growth
1967 100.0 -
1968 148.3 48.37%
1969 220.3 48.67%

Source: (1, p. 28)

In Ecuador, agricultural production is the backbone of export

commodities, as well as imports, as seen from Table 5.



Table 5. Exports from Ecuador

Total Agricultural Per cent

" Year Exports - Exports of Total
1960 149.0 140.2 94.1
1966 186.2 167.4 89.9
1967 201.0 179.8 89.5
1968 210.7 188.7 89.6
1969 188.1 164.5 87.5

Source: (21, p. 96)

To meet the increased demand for imported goods, including food-
stuffs, total exports, of which agricultural output forms almost 90
per cent, must be expanded.

As the Green Revolution progresses throughout the world, it has
been found that a sufficient supply of water is one of the necessary
inputs for increased production of agricultural crops. It would be
reasonable to assume that even with traditional varieties of seeds and
farming methods irrigation could contribute to increases in production
on farms not receiving sufficient rainfall.

The Milagro project is one of the oldest and perhaps best estab-
lished irrigation projects in Ecuador. It is located in Milagro
County, in the southern part of the countrv (see Figure 1), where
export crops such as banana, coffee and cacao are grown, along with
consumption crops such as pineapple and corn.

The Milagro project is providing irrigation water to a little over
7,000 hectars, 5,200 of which are within the Valdez sugar plantation.

A second phase of construction proposed for the area calls for
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delivering water to some 7,800 additional hectars (14, p. 7). This
expansion would provide a significant increase in the total irrigated

farm area in the country.

.Objectives

1. To describe the present economic situation of the agricultural
production units within the project area.

2. To construct a linear static economic model that describes
the present economic situation of agricpltural production units within
the project area.

3. To develop dynamic modifications to the linear economic model
that will simulate fluctuations in the model parameters.

4. To use the dynamic economic model to investigate the effects
of changes in the pricing method of water contracts as they affect
economic return to irrigation.

5. To explain the policy implications of both fluctuations.

in model parameters and pricing chénges of water contracts.
Procedure

The topic for this thesis was chosen in a cooperative agreement
between United States Agency for International Development, Utah
State University, and Ecuadorian Institute of Hydraulic Resources
(INERHI). Finalization of'the project area and study outline was
made in Ecuador in consultation with INERHI.

Extensive data files previously established by Ecuadorian Insti-
tute of Hydraulic Resources personnel provide the basis for back-

ground familiarization with the Milagro project. In addition, field



trips to the project area were conducted to collect additional data
and to cross-check other sources.

Two sources of data used in the study were sample surveys of rural
farmers carried out by INERHI in the Milagro project area in 1968 and
1971. The earliest study was concerned with farms having irrigation
contracts with INERHI. The latter was a survey of farms not yet re-
ceiving irrigation water. Data were also taken from the Chas. T. Main
Guayas Basin agriculture feasibility study of the area made in 1968
(6) and other sources internal to INERHI.

The internal rate of return is chosen as the relevant measure for
comparing capital investment opportunities in on-farm irrigation in-
frastructure with other investment opportunities open to farmers with-~
in the project area.

The information necessary to calculate the internal rate of return
to irrigation investment was returned to Utah State University and
processed at the Computer Center. All programs enployed in the thesis
were written by the writer.

The economic models were finalized in the United States, although
a great deal of the static model was suggested by Economist Lionel
Lopez of INERHI. The dynamic variations were designed to test the
sensitivity of the empirical results of the static model to changes
in the model parameters and/or changes in pricing policies of water

contracts.



BACKGROUND

The purpose of this section is to describe the Milagro project
created by INERHI. A knowledge of the history of the project and
some background material concerning the country's philosophy toward
irrigation water management are essential to an appreciation of the

problem in this case study.

Agencies Involved in Irrigation Development

In Ecuador there are variocus governmental agencies that have
jurisdiction over water usage. Among these are INERHI, the Commis-
sion to Study Development in the Guayas River Basin (CEDEGE), the
Center for Economic Reconstruction of El Astro, the Development
Board of El Oro, the Rehabilitation Center of Manabi, the Economic
Recuperation Board and various municipalities that regulate water
usage within the limits of their respective jurisdictions. This list

is not exhaustive, but it does include the more important bodies.

INERHI

The agency of primary interest to this study is INERHI. It is
the executive arm of the Ministry of Natural Resources and Tourism
used to implement the national Irrigation and Soil Conservation Law.
The fundamental purpose of INERHI is to develop and protect the water
resources of Ecuador as an essential condition for the country's

development.



INERHI was created November 11, 1966, from the National Irrigation
Board (CNR) and the Department of Hydraulic Resources of the Ministry
of Agriculture and Livestock. INERHI possesses all of the responsi-
bilities of the former bodies plus some additional ones. INER!' “hen,
became not just a body to study and construct irrigation and drainage
systems, as the CNR was, nor merely a regulatory body to advise and
make judgements in water disputes, as in the case of the Department
of Hydraulic Resources. INERHI is a national board for the integral
pPlanning and execution of the development of water resources in Ecuador.

Ecuador, at the present time, contains about 26.4 million hectars.
Approximately 2.7 million hectars, or about one tenth of the total
land area, is arable (7). Total irrigated land area in Ecuador is
roughly 40,000 hectars. INERHI presently is supervising the irriga-
tion of 18,620 hectars in the country, while about 20,000 are under
the direction of the agencies mentioned above (5).

INERHI administers six separate irrigation projects built with
government funds. It is the concessioner of water in these systems

and delivers water to the individual users through its own canals.

History of the Milagro Project

The design and construction of the Milagro project was initiated
in 1946 by the CNR. It appears that the CNR never made plans for the
development of the arca as a whole (3, p. 22). This is evidenced by
the piecemeal progress of the project. Because of this and because
of intermittent funding, the pProject has experienced elevated costs of
planning and construction. This is borne out by comparing the water

tariff of the Milagro project to that of the Manuel J. Calle project,



not far from it. The latter has a water tariff only thre: quarters
that of Milagro (19).

The water flow from the diversion on the Chimbo River which
supplies the Milagro Project area is divided into two basic parts.
The total flow is approximately 10 cubic meters per second into the
INERHI canals. INERHI is under contract to deliver 2.5 m3/sec to
the Valdgz sugar plantation at the far end of Milagro County. An
equal amount is lost through seepage and evaporation while in that
canal, leaving approximately 5 m3/sec for INERHI to contract to in-
dividual farmers in the Project area. This water is also susceptible
to seepage and evaporation (19).

The first part of the Milagro project, completed early in its
history, was primarily to supply water to the Valdez plantation. 1In
addition, it did glve some water to small farmers in the Milagro
project area.

Table 6 shows the extent of irrigation use in 1966.

Table 6. Water contracts in Milagro, 1966

Canal Users Hectars
Valdez 1 5,000
Vuelta del Piano 2 18
Naranjito 10 326
Norton - Banco de Arena S 84
Total 18 5,428

Source: (12)
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Work was begun again in 1966, after the project was transferred
to INERHI, and additional canals were constiucted. A comparison of
~Table 7 with Table 6 will show that there is an increase in total area

under irrigation by 1971.

Table 7. Water contracts in Milagro, 1971

Canal Users Hectars

Valdez 1 5,000
Vuelta del Piano 39 640
Naranjito 33 447
Norton - Banco de Arena 21 274
Estero Anapoyo 7 105
Chimbo - S. Antonio

Supaypungo 27 370
Las Lomas 4 60
Milagro 8 95
Chirijo - Pinuel _3 _10
Total 143 7,001

Source: (13)

The size of the basic canal system has been stabilized for the
present. Plans have been formulated to increasc the canal svstem when
adequate funding can be obtained, and there is also a plan for supplv-
ing water to inaccessible areas from wells. However, for purposes of

this study the project construction will be considered complete.
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Review of Literature

The basic source documents for this study are two on-farm agri-
cultural surveys carried out by INERHI in the Milagro project area.
The first, chronologically, was an investigation in 1968 of all water
users (9). In that year there were a total of £9 water users plus
the Valdez plantation. 1In 1971, the number of users had increased to
142, exclusive of the Valdez plantation, although the number of hec-
tars irrigated had not significantly changed (13). The original sur-
vey information was coordinated with the Ecuadorian Institute for
Agrarian Reform and Colonization (IERAC) and brought up to date (1971)
as to land tenure and farm size.

INERHI also made a sample survey of non-irrigated farms in 1971
(10). Information contained in the survey questionnaires as well as
personal observations of Carlos Calderon, the survey enumerator, were
used in this study.

The Chas. T. Main Company of Boston made a feasibility study of
the Milagro project in 1967 (6). The study included two phases for
the development of the water resources and outlined a benefit-cost
study of the region. The "project' as called for in the Main study
included the use of year around irrigation, _reater application of
fertilizers and pesticides and the introduction of hybrid seeds. The
people at INERHI were able to use the study to plan the future
development of the area (18).

A major limitation in the study was its analysis of the water
available for irrigation. The Main study shows a table of average

river flow over a twenty-year period. The water availability used
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was the minimum flow over this time period, that of an unusually dry
year, while the river flow was normally quite stable. The project

, size was thus unnecessarily restriéted (18). In a later INERHI re-
vision of this study, a probsble water flow was used and the oversight
corrected.

In the Main study, the direct benefits of the project were assumed
to accrue implementation of the complete "project" package. The im-
pact of irrigation water alone was not considered apart from other
influences. The analysis considered investments to be the capital
investment in the primary canal system alone. The benefits were the
direct benefits to the farmer plus the secondary benefits to society.
The question of private repayment of social capital investment through
water tariffs was not considered. On-farm capital investment also
was not accounted for. The study was, however, a valuable contribu-
tion to knowledge of the project area.

In 1970, the engineers, agronomists and economists of INERHI
developed a revision to the Chas. T. Main study, including some
original contributions (15). Their work is worthy of consideration
as a separate study because of the addition of new data. It is con-
cerned primarily with the second phase of the Milagro project. The
land area covered by this proposed project expansion is greater than
that c¢f the second phase within the Chas. T. Main study. The detailed
studies of probable river flows and water requirements of plants are
detailed and complete.

INERHI's study also was based on the application of complete
"project” infrastructure changes. In the first phase of the canal

construction, now complete, few on-farm management practice changes
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other than irrigation were made (9 and 10). There is little evidence
that new on-farm management practices will be introduced in the
second phase.

One feature of the INERHI revision is the introduction of the
"ideal" crop distribution. Just as many farmers have been unwilling
to accept new varieties of seeds (9 and 10), they are unwilling to
plant crops according to an "ideal" plan. They will undoubtedly con-
tinue to plant crops according to how they view market pressures.

Both che Chas. T. Main study and the INERHI study base the
effectiveness of their development programs on the benefit-cost ratio
at selected rates of return. The present thesis will use the internal

rate of return to evaluate the investment.

Homogeneity of Survey Areas

The increase in revenue attributed to irrigation is measured bv
the difference betwecen the net economic revenue on farms with irrigated
crops and the net economic revenue on farms without irrigation water.
Before equating this difference in net revenue wholly to irrigation,
an assumption of basic homogeneity between farms with and without water
is made.

Throughout the project area, farmers take advantage of the heavy
winter rains to plant and water their crops. To supplement the winter
rains, the irrigation canal system presently is serving 2,000 hectars
within the project arca during the dry season. (For this study, the
5,000 hectars of the Valdez plantation will bé excluded.) Within the
Milagro project area, then, there are virtually two distinct systems of

irrigation, farming with natural rainfall only and farming with
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supplementary irrigation, each confined, in the main, to a specific
area of the project (see Figure 2).

The homogeneity assumption implies that (1) the farms in the
entire project area were essentially homogeneous before the introduc-
tion of irrigation, and that (2) the only change in on-farm management
in the project area is the introduction of irrigation on part of the
farms. The purpose of the sections that follow is to substantiate the
assumption that, on the average, all farms within the project area are
homogeneous except for the use of irrigation water and the resultant

changes in cropping patterns.

Soils
The soils of the project area were classified with the intent of
establishing the extent and quality of their adaétability to year
around irrigation. This was done by means of field samples taken to
a depth of 150 cm.
The soils were identified according to the four soil classes that
follow (6, p. 4).
Class I: Land that is highly adequate for agricultural irriga-
tion.
Class TI: Land that is moderately adequate for agricultural
irrigation, being marked lower than those of Class I in their
general capacity for production, etc. This land is subdivided into
three subclasses:
Class II-W: Soils that have a high water table.
Class II-S: Soils that have limiting characteristics that

are difficult or impossible to correct.
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Class II-Sc: Soils that have a heavy texture in the

subsoil or substrata.

Class III: Lands that are apt for irrigation development but

have more extreme drainage restrictions than those of Class II.

Class IV: Lands for special uses, predominantly of fine
texture.

The soils throughout the Milagro area are recent flcod plains
and deltas of the Milagro River. They are principally of medium
stratified texture (silt and silt-clay) and of occasionally heavy tex-
ture (sandy silt and fine sandy silt), all of which are included in
Class I soils. Some small areas also exist with heavy textures (sandy
silt and sands of Class II-Sc). Generally, these soils have a medium
or occasionally heavy texture and below 30 centimeters become sand.
All of these soils are well drained and lack any characteristics indi-
cating the presence of superficial ground water or poor aireation
during any more or less prolonged period of time.

One zone, situated in the southeast part of the area on both
sides of the Naranjito canal, has a very high water table. This land
is classified as II-W. The cause of this elevated water table is
probably seepage from the canal. Apparently, this is a deficiency
that can be corrected with the lining of the canals. When it is
corrected, the soils will become Class I soils.

Some small areas also exist with occasionally fine texture (Class
ITI) that possess poor drainage characteristics. These soils were too

scarce to appear on the map (6, p. 45) (see Figure 3).
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Table 8. Soils of the Milagro area

Class Percentage
I 81
II 19
II-S 11
II-Sc
11-W
111
v _0
100

Source: (6, p. 4)

Due to the great predoninance of the Class I soils and the ab-
sence of soils that differ notably as to harvests or cultivating
methods, the soils of all this area may be cultivated with the same

geneval practices (6, p. 45).

Climate

The Guavas River Basin is characterized by a succession of micro-
climates, and small changes in altitude and/or horizontal distance
produce notable changes in precipitation. 1In these regions grow belts
of semi-tropical vegetation intermixed with areas of vegetation of
lower transpiration coefficients.

Specifically, the area of the Milagro project, which is a tribu-
tary of the Guayas River (see Figure 1), is one of those micro-climates.
The Chimbo River is protected by a range of mountains that runs from

north to south and produces a rain shadow in that portion of the
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Guayas Basin. The project area generally has cloudy or overcast skies
during the major part of the year,

The greatest number of hours of sunlight was registered during
the rainy season. The predominantly cloudy skies are favorable for
some crops, such as cacao, but may have adverse effects for others.

It appears, nevertheless, that there is a sufficient quantity and
quality of light for normal photosynthesis. Sugar cane is one of the
plants that most needs the sun's light, and the harvests obtained in
the area of Milagro are comparable to those ubtained in the best areas
of sugar cane production in the world (15, pp. 14-15). The micro-
climate over the Chimbo River extends over the entire Milagro project

area, giving it a uniform climate throughout.

Crops of the Milagro Project Area

The time for plants to reach maturity varies from crop to crop.

In the Milagro project area, there are essentially two groups of crops
classified according to the length of time it takes for the plant to
mature.

Bananis, cacao and coffee beans, pineapples, sugar cane, papaya
and citrus fruits and pasture land all require approximately a full
year to grow to maturity for harvest. They are harvested in the fall,
just before the winter rains. The plants begin to grow again during
the season of heavy moisture. The rains are heaviest during the months
of December, January, and february. They taper off during March, April
and May and in the remaining six months of the year there is virtually
no rainfall. The effect of irrigation water on these crops is in-

creased per hectar yields at harvest time.



21

Corn, rice, tobacco, cotton, peanuts and oil seed crops are
grown during the six months that provide rain for growth. Presently,
on farms not being served with irrigation water, these crops can be
grown only once per year. A ycar around supply of water to irrigate
these crops will augment only slightly the per hectar yield on winter
crops, but will allow summer harvests heretofore impossible. This,
in effect, will more than double the total per hectar yields of these
crops.

Because rainfall is sufficient during half of the year, from
December to May, water is turned down the INERHI canals only from
June to November.

A comparison of the two zones of the Milagro project covered by
the two INERHI agricultural surveys shows a distinct average distribu-
tion of crops between the two groups.* With irrigation water available
many -tarmers have abandoned traditional crops that do not respond to
increased water application and have substituted crops that do indeed
respond favorably to irrigation. However, family consumption pzeds
and resistance to change, often found in tradition-oriented societies,
impede complete abandonment of selected crops. Agricultural extension
education is needed in this area of Ecuador. The conclusion is drawn
that the difference in crop patterns found between the crops on irri-
gated farms and the crops on unirrigated farms are related to the

introduction of irrigation itself.

*
This difference is shown in Tables 32 and 33.
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Factor and Product Prices

Guayaquil, a port city and the largést city in Ecuador, is sit-
uated some 40 kilometers, by road, from Milagro, the county scac of
Milagro County and the major trade center of the Milagro project area.
Almost without exception, factors of production, which are asually
imported from industrial countries, flow from Guayaquil through Mila-
gro to individual farms. Similarly, farm production is marketed
through Milagro and shipped to Guayaquil for export. Consequently,
factor and product prices are equal to all producers in the Milagro

project area.

Transportation Costs

Transportation costs vary with the distance to Milagro from
individual farms. Because the area surveyed without irrigation is
closer to the common market place than that zone surveyed having
irrigation, the latter does incur a higher transportation cost per
kilo than the former zone. However, the difference is relatively
small, and this category of expenditure is a small part of the over-
all farm budget in either zone. In any case, the difference decreases
the benefits that accrue to irrigation, reducing the internal rate of

return by a relatively small amount.

Technolosy and Infrastructure

The survey conducted in the Milagro project area by the Chas. T.

Main team revealed a general absence of modern agricultural practices,

as Table 9 demonsirates:
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Table 9. Use of on-farm practices, Milagro area

Percentage Use

Crop Fertilizer Insecticide
Banana 10 6
Cacao 13 30
Coffee . 11 2
Pineapple 0 0
Corn 9 3
Rice 24 24
Pasture 0

Sugar Cane 0

Fruits 0

Others 27 46

Source: (6, p. 5)

INERHI has made diagnostic surveys to determine the use of 1inputs
and farming technjques in all parts of the Milagro project area. Ex-
cept for the Valdez and the San Carlos sugar plantations, machinery
is very scarce (14). There are many reasons for this.

One of these is the fact that none of the farms in the Milagro
pProject area are larger than 200 hectars (9 and 10). This is due to
the success of the agrarian reform in the project area. Only a few of
the land owners are able to make a capital investment in machinery.

Farm machinery and other capital goods are almost exclusively
imported. Transportation costs and import taxes add to the already

high cost of such itenms.
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In Ecuador and in the project area in particular, there is a large
surplus of agricultural workers. This ié evidenced by the low wages
paid to such workers, even lower than the legal minimum wage set by
law (21, p. 44).

Perhaps more significant is the fact that for most crops in the
area, such as banana, coffee, cacao and pineapple, production requires
hand labor and a skillful eye. Machines do not exist that can perform
many of the farm operations.

With few exceptions, farming techniques and inputs by the pro-
prietor have not changed with the introduction of irrigation (18).

The few exceptions are changes such as greater quantities of seeds,
when irrigation permits closer planting, a larger expenditure for labor
and transportation, both associated with larger yields, and double
harvests on some crops with water available all year around instead of
only during the winter and spring months. All these changes are direct
results of irrigation.

Techniques, such as the spreading of fertilizers and the use of
hybrid seeds and improved tools, are slow in coming to Milagro County,
with one major exception. In banana production, the changeover from
the Gros Michael variety to the Cavendish variety has progressed with
equal success in both the irrigated and unirrigated portions of the
Milagro project area.

Techniques and infrastructure on the farmstead in the project area
are homogeneous except where irrigation itself has been responsible

for changes.
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Management Ability

There are several important points that reflect upon the manage-
ment abilities of the farmers within the project area. To begin with,
very few of the farmers in the whole preject area could be considered
expert managers (6, p. 67).

A majority of farms within the project area are still totally
without irrigation (851 farms), while an average of 142 contract for
irrigation water during the dry season. Irrigation canals have been
placed where they can most easily be built using the engineering skills
of INERHI.

A great many of the farmers of the area are new to Milagro
County, while a number have been on their farms for more than twenty
years {10), The agrarian reform has touched most areas, on the aver-
age, equally (14).

Many farmers have been helped by educational programs that teach
everything from literacy to agricultural extension. Education has
been spotty in the County, but its impact is scattered fairly evenly
over the area. If jt has changed ~ny area more than the others, it
has been the areas closest to the population centers, such as the city
of Milagro, and farther from the irrigated zone (2). This effect tends
to reduce the economic differences between the irrigated and unirri-
gated [arms. Overall, it has been the concensus of personnel in-
terested in the area that management ability is generally homogeneous

throughout the project area (18).
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Land Tenure

Four size levels were chosen to represent the agricultural pro-
duction sector of the Milagro project area on the assumption that
four types of land tenure exist in the area. This assumption was
suggested by the agricultural surveys of the area (9 and 10). The
groups were divided along land tenure lines, even though the class
sizes are not evenly weighted (see Tables 10 and 11).

It should be emphasized at this point in the present study that
these four size levels or groups are not intended to represent any
differences in Mmanagement ability among farmers. There is no evidence
that in the project area a farmer with 200 hectars is able, on the
average, to produce more per unit area than a farmer with 2 hectars.
Size levels represent only differences, on the average, in land owner-
ship or tenure. The size groups are used to compare crop distribution

and land distribution patterns between the two survey areas.

Table 10. Average farm size without irrigatior

. Farms Area Mean
Size
Level No. % llas. Z Has.
1 338 39.1 865.0 10.2 2.56
I1 237 27.7 1635.7 19.2 6.90
IIT 170 20.0 2409,3 28.3 14.17
v 106 12.5 3609.8 42.0 33.96
Total 851 100.0 8521.8 100.0

Source: (10)
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Table 11. Average farm size with irrigation

Farms : Area Mean
Size
Level No. 4 Has. % Has.
1 21 14.8 48.7 2.5 2.32
11 41 28.8 290.9 16.5 7.09
111 62 43.7 880.4 44.0 14.20
v 18 12.7 781.0 37.0 43.39
"Total 142 100.0 2001.0 100.0

Source: (9)

One of the important parts of this study is the comparison of
the average farm size of each zone, with or without irrigation, within
size groups.

A farm of Size Group I (0.0 to 4.9 hectars) is known generally
as "minifundio”, or the farm size not capable of supporting a family
without the father, and perhaps even the mother and children, selling
their labor off the farmstead as day laborers.

The farms of Size Groups II (5.0 to 9.9 hectars) and III (10.0 to
19.9 hectars) are similar in that they are both generally run by mem-
bers of families living on the farmsteads who are able to live on the
income provided by the farm production. A farm of Group II may pro-
duce enough to support one average family, while a farm of Group III
may support more than one'family unit, such as two or more brothers
and their individual. families. The latter situation is not uncommon
in the project area.

The land tenure category "latifundio", which in the past has

connoted absentee ownership and less than full utilization of factors
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of production, is seldom found since the widespread agrarian rekorm
measures taken in the project area. Yet, Size Group IV (20.0 to 200
hectars) does include hired managers and hired day laborers.

Is there a significant difference in average irrigated and non-
irrigated farm sizes within the four levels? The "Student's t" statis-
tic will be used to test the hypothesis that the difference between
two means of a given size level (irrigated and non-irrigated) is equal
to zero:

-t <(X, ~X) /S- - <t.
1 2 X)X,

Table 12. Test for significant differences in mean size levels
within the Milagro project area

= o ' . ]
Size Level (X1 X2)/le__x2 Student's t H: u, =u,
I 0.36 2.228 Accept
II 1.06 2.160 Accept
III 0.05 2.060 Accept
v ' 0.09 2.014 ‘Accept

Source: (9 and 10)

Statistically, within all four size levels or land tenure groups,
the average areas of the farmsteads are equal. This analysis reinforces
the basic assumption of homogeneity by pointing out the equality of
farm size among farms with and without irrigation throughout the pro-

ject area and by land tenure levels.
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Because the average farmsteads within size levels are statisti-
cally equal between the two areas of the project being studied, and
because the area of primary interest is the irrigated land, the aver-

age hectars for the irrigated land area is used in all calculations.
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CONCEPTUAL MODEL

The purpose of the conceptual model is to establish a method to
calculate the return from adding irrigation to farms using traditional
farming methods, and to farms using modern farming methods. From thg
survey data (9 and 10) and the feasibility studies of Chas. T. Main
(6), three distinct kinds of farms can be established .ong with the
corresponding average yields and costs. The division to be employed
is based on inputs or technology:

Input Level I: Traditional farming methods without irrigation,
only natural rainfall = I1

Input Level II: Traditional farming methods with irrigation from
| INERHI canals = I2

Input Level III:Modern farming methods introduced on irrigated

land = I3

Since farms in the project area are apparently homogeneous, except for
irrigation and the associated cropping pattern, the method relies on
calculation of average net returns on Il, iZ’ and 13, and attributes
any differences in net returns to the addition of water. Such a cal-
culation is made for al' four tenure (size) classes within each tech-
nology group. For example, net return on I2 less net return on I1 is the
return from adding irrigation water to farms using traditional methods
of cultivation.

Specifically, the procedure is to calculate gross returns, costs,

and net returns for each year over the life of the on-farm distribution

system by crop, per hectar, for Il, IZ’ and 13. Then net returns are
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calculated each year for each average farm by multiplying the héctarage
in each crop by the net return per crop, per hectar. This is done over
the three kinds of farm Il, 12, and 13 and for the four tenure classes
within each type.

The internal rate of return on the investment necessary to add the
irrigation water will be calculated as a basis for determining the
viability of the change. Consequently, when net returns are calculated
for I2 and 13,

water. The rate of interest that equates the present value of the

they will exclude capital costs of adding the irrigation

stream of differences in net returns (e.g., net return on I2 y less net

return on y) to the cost of adding irrigation capital is the re~

L

turn on the investment.

Gross Revenue

Gross revenue for an individual farm is the summation of the sales
revenue for each of the crops produced on that farm. Gross revenue for
a specific crop is a product of the sales revenue per unit area of the
crop and the total area devoted to the crop. Gross revenue per unit
area of the crop is a product of the yield per unit area and the market
price.

Gross revenue per unit area of a crop can be represented by

equation [1]:

GR =Y . Py. - [1]
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Variable Production Costs

The variable cost per unit area, per crop of any single factor
of production is: Fi . Pi’ or the quantity of the factor employed mul-
tiplied by the unit price of that factor.

For any crop using more than one input, such as land, seed, labor
and water, the variable cost per crop/hectar is the sum of the costs

of all the inputs used:

n
- =
ve = 5 (F, - P)). [2]

Net Revenue

Net Revenuc per Unit Area of a Crop

Farmers, as all entrepreneurs, are not as interested in gross
revenue as they are in net revenue, the difference between gross
revenue and costs. Net revenue per unit area of a crop is defined by

equation [3]:

NR =GR -VC - FC [3]
(o] (o] (o4 (o]

where: NRC Net revenue per crop, per unit area

GRc = Gross revenue per crop, per unit area
VCc = Variable cost per crop, per unit area
FCc = Fixed cost per crop, per unit area

If gross revenue and variable cost are replaced by equations [1] and

[2], the result is equation [4]:

n

- <
MR, = (Y - P) - (F

hel © By) - FC_. [4]

i
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Distribution of Crops

Each crop raised on a farm returns é distinct revenue per unit
area. The value added to total farm net revenue by each crop may be cal-
culated by multiplying the net revenue per unit area by the total area
devoted to that crop on the farm. It follows that a different dis-
tribution of crops would produce a different expected net revenue for
the farm.

An assumption in this thesis is that each farmer is a rational
producer, that is, they produce the distribution of crops that yields

the greatest expected net revenue from individual farms.

Net Return per Farm

The net revenue per farm is the sum over all crops of the net
revenue received for each unit area of each crop multiplied by the

area d- ‘oced to each respective crop.
NR=2[NRC.A] [5]
where Ac is the area on the farm devoted to the crop, c.

Internal Rate of Return

Input Levels

The one variable on the right side of equation [4] that is contro.
able by the farmer is the quantity of inputs (Ii) used in the produc~
tion of the crops on his land. All other things being equal, a change
in inputs should generate a change in yield. This study attempts to
analyze the quantitative relationship between changes in inputs (farm

production practices) and changes in yield.
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Discounting Net Returns

At a single input level, the difference between gross revenue and
total costs (variable cost Plus fixed cost) is the net revenue for that
input level. As additional or new inputs (irrigation capital and water)
are introduced into production, a new input level is established and
a new net revenue is determined. The difference between the new net
revenue and the former net revenue is the return due to the addition
of new inputs.

An investment, such as on-farm irrigation infrastructure, is not
consumed in a single year. It has a cost that is incurred at the
Present, but the returns to that investment are realized in the future.
To compare the present value of the investment cost to the stream of
future returns, the future values of the returns are discounted back
to their present values. The discount rate that equates the present
value of future returns to the present value of the investment is the
internal rate of return.

When net returns are used to represent the future annual income
resulting from a present (current) investment, both gross revenue and
total costs are discounted together at the same rate of discount.
Therefore, all future values of revenues and costs are discounted to
present values.

Net returns for each year are calculated independently of those
of any other time period. Investment is made at the start of year O.
Net returns are realized at the end of each succeeding year.

The discount factor is calculated by the following formula:

Discount Factor (year n) =1/ (1 + r)n,
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where r is the discount rate.
The simulation program used to calculate the internal rates of return
in this thesis uses an iterative process to adjust the rate of discount

until the sum of future values is equated to the irrigation investment

(assumed or real) in year zero.

Linear Dynamics

A dynamic model is one that is sensitive to fluctuations of para-
meters outside the model. The static model that was introduced above
will be given dynamic properties. Equation [4], repeated below, repre-

sents the economic model on the basis of one unit area of a single

crop:

n

(l-'i . Pi) (4]

NR, = (Y - P - )

In the static model used to analyze the Milagro economic situation,
the parameters on the right side of equation [4], Y, Pv and Pi’ are
entirely exogenous to the model and are held constant. Only the
quantity of factors of production, Fi’ a variable endogenous to the
model, is able to change values. The actual range is a result of
management decisions of the farm managers.

The model can be given dynamic croperties by allowing the exogen-
ous parameters to vary in order to observe their effects on net

revenue.
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Marginal Value Product

The marginal value product of a factor of production 1is the
marginal physical product of the last unit of the factor employed in
production times the unit market price of that output. For a unit of
any factor of production, an entrepreneur will be willing to pay any
price less than or equal to the marginal value product of that factor.

One factor of production used on some farms of the Milagro project
area is irrigation water. For water contracts on this project, far-
mers presently pay a fee established only to recoup the actual costs of
amortization and operation of the primary canal system,

The dynamic empirical analysis of the model demonstrates that the
net internal rate of return, the difference between the discount rate
and the rate of return on the best investment alternative of similar
risk available to entrepreneurs, is positive under normal fluctuations
or market pressures and climatic conditions.

Unirrigated land in the Milagro project is valued at an average
of about §/.1500. per hectar. Irrigated land may have a value of
double that figure, or about S/.30:0. per hectar (6, p. 135).

Heretofore, the value of the land itself has not been considered
a parameter in any of the models. The implication has been that a
farmer of irrigated land begins with unirrigated land and builds his
own irrigation infrastructure. Now, the two options open to the owner
of irrigated land will be examined. He can retain his land and work
it, receiving a rate of return on his investment in land and irrigation
infrastructure, or he can sell his land and receive the capitalized

value of the irrigation system. Either option apparently yields higher
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returns to the farmer of irrigated land than to the farmer of unirri-
gated land, as evidenced by higher land values of the irrigated land.

Because the primary canal system is not available to all local
farmers, as yet, the project effect is a subsidy to farmers that own
land near irrigation canals. INERHI, the government agent for control
of irrigation development, has a limiied amount of funds with which to
provide supplemental water to all farmers of the area. The basic
water resources could be exploited for the benefit of all the farmers
of the area, not just a few that happen to live in certain areas of
the county. In that case, the surplus returns to irrigation would
accrue either to the primary canal system or be more or less equally
distributed to private on-farm capital investment.

Increasing the water tariff will reduce farmer's surplus return
stream. This may be justified to the extent that the value of the
water is greater than the fees presently charged.

Price of Water
Delivered

i

MVP

Prescat irrigation (d
h tariff revenue o g

1
Opportunity and other
non~tariff costs
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Q Qo

Figure 4. The MVP of irrigation water.

Quantity of Water
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The non-tariff costs of Figure 4 include the cost of the irriga-
tion infrastructure capital investment explicitly as an opportunity
cost to the farmer. The present cost of the primary canal system ap-
pears in the figure as the irrigation tariff revenue (which is a cost
to farmers). Consequently, profitable management dictates operations
with respect to water at input level Qo.

Each farmer is entitled to contract for 1 liter/second for each
hectar of land he owns, at a tariff of S/. 200. However, 1 liter/
second/hectar will optimally irrigate (physically) any cropping pat-
tern found on the project at 50 per cent efficiency. Assuming farmers
use water at 50 per cent efficiency and given the price of water, each
farmer will desire to use less water per hectar than he is entitled to,
in order to maximize his returns. He does this by contracting for
fewer liter/seconds of water than he is entitled to, and then spreads
the water over his total hectarage. In this way, the farmer is able
to adjust the quantity of water he utilizes, given the price.

The shaded area of Figure 4 is the return to fixed factors from
water that is captured by the proprietor of irrigated land. If the
water tariff is increased to the unit level (PN) from (Po), the tariff
revenues will be increased by (abed) and reduced by (defg). Use
of water would fall to Ql’ and society would receive that portion
of the original cconomic rent equal to the net difference in tariff
revenues. The farmers receive the residual (bic) as economic rent.
The reduced amount of desired water (Q0 - Ql) is available for sale
elsewhere.

The model above can also be presented via the product market. In

Figure 5, P represents the weighted average price of the mix of products
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produced on a farm without irrigation (e.g., Input Level I), while Qo
represents kilos of total product. The area (OQéaP) is total revenue.
The curves MCI, ATCI, and AVCI, are the marginal cost, average total
cost, and average variable cost for the aggregate product of the farm.
The area(Orob)is the payment to the variable factors of production.
The area(bcap)is the payment to the fixed factors. It is the sum of
the areas enclosed by the marginal value product curves and the price
lines of the variable inputs in the factor markets (see Figure 4 for
1llustration of one factor-water). The area (bcde) is the payment to
the fixed factors (at their opportunity cost), while the area (edaP)
is pure economic profit.* In the empirical section below the area (edaP)

is referred to as net revenue.
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Figure 5. Economic profits and technology shifts.

*

If all fixed factors are included in the budgets, it would be
pure economic profit. However, neither costs of land nor management
have been included. Hence, area (edap) may be considered the payment
to land and management. If it is greater than the opportunity costs
of those factors, the excess is economic profits.
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We introduce a change from Input Level I to Input Level II by
adding irrigation capital, water, and other needed variable factors to
the same land and management base, with product prices, factor prices,
and yields at present levels.* The MC, ATC, and AVC curves will all
shift to MC ., ATC ., and AchI'as productivity of the variable re-
sources rise. (The shift is illustrated as very large for purposes of
exposition).

Total revenues are now (OQl a1 P) and total variable costs (pay-
ments to variable factors) are (0Q, ¢. b.). Total payment to the fixed

17111

facters are the area (b P). Once again it is the sum of the

B |
returns to fixed factors (rent) earned by each of the variable fac-
tors of production as illustrated for one of these variable inputs
(water) in Figure 4. The area (bl < dl el)is the opportunity cost
of the fixed factors, while (gl dl a  P) is the pure economic profit

1
or net returns on Input Level II. It should be remembered that land,
management, and irrigation capital have not been costed out so area
(ﬁ_ d1 al P) ig the return to these factors.

Then the model proceeds by subtracting the area (edaP) from the
larger area (el d1 a1 P) in order to calculate the annual return from
adding the irrigation capital. (That is, the cconomic return to land
and management is netted out). Then the discount rate is found that
will equate the cost of the irrigation capital in year 0 to the present

value of (c1 dl al P) - (edaP) over the life of the irrigation capital.

This is the internal rate of return on the irrigation capital given

*Actually, the average price may be expected to change since the
mix of crops is different on the irrigated farms. However, for sim-
plicity it is assumed to remain constant in Figure 5. (It varies in
the analysis below.)
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current product and factor prices and yields on the two kinds of
farms.

This process is repeated in a simulation model for all combina-
tions of product price changes of -30%, -20%, -10%, and +10%, factor
price increases of 5%, and 10%, and vield changes of -20%, -10%, 10%,
and 20%. This constitutes the so called "dynamic" analvsis,

The model then proceeds to answer the question, "How much can the
price of water (a variable cost to the farmer) be raised and still per-
mit the farmer to earn the opportunity cost on his water investment?"
(The opportunity cost of capital is assumed to be 12%.) That is,
with reference to Figure 5, the cost curves are raised (by increasing
the price of water) until the discount rate that equates present value
of (e1 d1 a, P) - (edap) with the cost of the irrigation capital is
Just 12 per cent. This water tariff would Just transfer all pure economic
profit from the farmer to the public. This provides a basis for cal-
culating the economic rent, and determines the water tariffs necessary
to tax it away.

Note that this 1is not to argue that water is priced at its mar-
ginal value product by this procedure. From the farmer's point of view,
the water is paid its marginal value product. Whether or not this cor-
responds to sociecty's wishes is beyond the scope of this thesis.

The same process is repeated via a simulation model for all combin-
ations of product-and factor price yields mentioned above.

From a polic; standpoint, it is useful to know the sensitivity of
the total economic surplus to variations in the three exogenous para-

meters mentioned above. A dynamic analysis 1s able to indicate the
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result of selected changes in the Parameters with respect to the econo-

mic rent potential.
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EMPIRICAL ANALYSIS

Analysis of the agricultural production units of the Milagro pro-
ject area follows the model explained above. Production per unit area
is assumed to be constant over farm size, therefore, gross revenue,
variable costs and net revenue are also constant per unit area over all

farm sizes of a given technological type.

Gross Revenue

Prices
Gross revenue for crops in the Milagro project area are calculated
using the average market price paid in Milagro. Most production was

marketed at the same time of year and received equal prices (14).

Table 13. Market prices received in Milagro, 1971 (sucres per kilo)

Crop Price Crop Price
1. Banana 0.82 6. Rice 2.90
2., Cacao 9.90 7. Pasture 0.12
3. Coffee 10.10 8. Cane Sugar 0.06
4, Pineapple 1.00 9. Fruits 1.40
5. Corn 1.50 10. Others 5.68

Source: (11)

Yields
Average yields per hectar have been estimated for unirrigated

traditional (Il)’ irrigated traditional (12), and modern irrigated
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crops (13) in the Milagro project area (9, 10, 6) and are reportéd in
Tables 14, 15, and 16. Gross revenues are reported in Tables 17, 18,
and 19 for Il' IZ’ and I3 as the product of prices (Table 13) and yields

(Tables 14, 15, and 16).

Fixed Production Costs

Land Values

In the entire projecf area land values generally have stabilized.
These production costs will be treated in a manner similar to their
treatment in the Chas. T. Main feasibility study. '"Benefits derived
from the land itself are excluded from production analysis of irrigated
and unirrigated farms, because this value would be an invariable

factor" (6, p. 67, translation supplied).

Primary Canal Investment Costs

This is a government initiated project; there is only public
funding involved in its original construction. Yet, because Ecuad~rian
water law is explicit about legal constraints on social capital invest-
ment in irrigation projects, the cost of the primary canal'system is
shifted to the water users.

For the management of irrigation services of the

Ecuadorian Institute of Hydraulic Resources, the Execu-

tive Council will establish tariffs that will be read-

Justable and will cover the quotas for depreciation or

amortization and the costs of operation and maintenance...

(8, translation supplied).

In practice, the cost of the social capital is to be transfered
entirely to farmers through water tariffs. If that is done, the far-

mers using the water ultimately bear the cost of construction of the

primary canal system,



Table 14.

Banana

N.N
SesH,. 0
ERGh, D
5764,.0
SH6h,0
S5Fe4.0
59£4,9

YL
_r\gb’fc’
5306%. 0

o.n

€3564.0°
5“"!‘“- '3
864,90
54,0
5004, 0
_.5tn0.0
534,00
5?’1"'.0'
5%564,9

-‘C".\

Senn,Nn
Ffaz.n
L26%.0
Nl54,. 0
st.v’nf')

LY

57640
N2 XA
SEH4 .

Cacao

c.0
QN
C.n
1R0,9

150.2

18c.0
1.0

137.0

137.0
1327.¢
127.02

137.0

137.n

A3V.0

137.0
l”..n

37.6
137.¢
137.0

137,06

F37.0
]17..'0
137.,n
137,0
137.Nn
129.0
1"‘7.'7
137.0
127.¢

Coffee

N.06

0.0

262,.0
363.0

363.0

363.0
272.0
272.0
272.0
272.9
272,60

272.0°7

272.0

212,90

272.5
272.0
1 272.0
272.0
272.0

L 2T,

?.?7.-'?
272.0
277.0
272.0
27206

272.0

272.9
272.0
272.9
272.0

Pineapple

3¢63.9
) IQr\OO.o
25090.90
A509.0

. 3500.0

377).0
4290,0

L3A5C0.0,

3500.02
eI, 1
3000,0
4000.0
3500.0
ISN2,0

3500.9

3L00,0
Lnro.n
3590,.9
3502.0
%5N3,0

100000

H0AC, D
36570,0
2579,0
2599,0

309,00

’0-’."\‘.\.(.‘
25993,.0
2577, 0

350C.0 -

Corn

17 26.0

1126.0

1136.0
1136.0
1136.0
1‘3(‘."

-1136.9
J1136.0

1136.6

T 1126.C
C1136.°

1136.9
116. 3
1126,.C
1136.0
1134,.0

J113%.C,

1136.0
1‘?6.0
1136.C
11345,.¢(
11246,.C
1136.0
1112.C
1124,0
11"'-6.0

11356,

1124,.0
11256.0
1136.0

Rice

1353.0
1363.0
1253.0

1363.0

1363.06
1353.0
1363.,0
1363.C
1363.0
1363.¢C
1263.0
1352.0
1363.0
1263.0
13£3,¢
1363.N0
1362,0
13¢63.0
1363.0
1263.0
1303%,0
1—‘1'-"'35 0
13567,0
1363,.9

]?-’)?'IO

1353.0 _

1363.0
1203,0
1363.9
1352.0

Pasture

1oran,o
1¢2€9.0
1n230,0
10822.0
_1000G,.0
162e3.0
10380, 0
1ore9,.0
10220.9
105845,0
162392,0
1€383,.0
10250,0
10231.0

.10e84,0

1003%.0
Ac?230.0
1083040
102292, 0

106720, 0

122212,9
1¢332. 0
1088 VY.0
ingact, 9
1030, 9
1n0290,0

10900, 07

1D5€Q,0

T 15220.0

1063¢.0

Expected yields for technology (input) Level I; 30 year time horizon

Sugarcane

45090.0
4%5006.0
45000.9
45C00.0
4500C.0
4500C.0
45000.9

.45000.0

45000.0
45000.5

45000.0

'1)("00.0
45000.9
45200,.0

£5530.0

4530D.9

_45000,0

45CN0.9
45C00.90
45000,0
45G00.0
4520C.0
45050.0
IO')‘:.“:'C'O“.
(95'}':.0.'?'
IPSFOD.":
450C7.0
45030.0
45000.90
a5cnG,. )

Fruits

16006.7
iecao0n.0
10Can. 0
1€79%0.0
1000.0
10020.0
10390.0
10320.0
1€0G60.0
10900.0

1n300.0 -

1e020.2
16J322.0
10006.0
1C3092.¢C
1n03n.0
1000C.G
10037.0
1n0cA .0
1C230.C
17000, 0
tnanr. o

182000

1ana5.Q
LEORVE A
1CCN,n
IC'OOG.’J
1007C 6
10000,0
10700.0

Others -

656,72
665,D
£€<6,0
6CH.0
6€6.9
6°5,C
65,0
666,
695.0
6<6,C
66,0
626,00
626,0
605.9
6€5,0
696.9
GC.SQC
6£946.90
636,90
€¢5,9
(";’)o'-\
Ech, O
(795.")
€6€C0 N

6€A,9,

666.5

:':‘o'.‘

6°6.92
ESh, 0
695,0

Sy
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Table 15. Expected yields for technology (input) Level II; 30 year time horizon
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Coffee

J.n
ﬂ'o

T 6n6.n

AQhHLD
606,00
60':)00
454.N0
£56.0
L£546,.0
454,0
454, 0

65”-0'
/}5",..’) °
L h5a,.0

456.0
454.0
454,0
455, 0
/.‘—',.".f‘
454,0
/':.‘l,.f\
’(5".0
4540
LONG .G

Hhh .0

'(‘.S,tun

8540

M4, 0

H54,0

25440

Pineapple

75¢n.0
2500,0
BrCo.D
80n0.0
£CCN.0
752N.0
£500,0
- RADOLN
aern,n
qC'J").Q
7509.0
2523,9
ROND O

_B03C.D

ecan.n
7509,0

£590,0

8C60.0
8000.0
R0H0.0
75200
5500.C
2096,
neen,Q
B005,9
_7572.0

FaNOn .0

rena.n
00,0
PNt 0

Corn

2725%.0
2724.0

272R.0
2723.0
2728.0
2725.0
27238.C

2728.0
2728.0

2728.0C

2722.0

27122.0
2720.0
272¢,0
2728.0
27?22.0

272?2,0

2725,0
2728,.0

2723.5

27722.0

T2720.C

272¢5,0
2720.0
2723.6
2729.9

2720,0

272%.9
272a,0
2722,90

X

Rice

2998.8

2968.0

' 2959,9

2692,0
2929,0 .
2592.0
2993.0
2%958.0
2¢38,0
2G69R8.,0
2991,9

2664,0

29¢%. 3
262%3.0
2898,0

. 2993.0
2093, -

2993.
2¢e3.9
259%.0
2633,
2665.0
7554,0

Pasture

3C204,0

30264.0
30264.9
30264.0

30264.0

30264,.,0
3C264.0

A0264.0
20264.0
30264,0

3602064,0

20254.0

. 3626%4.0

20284,.,0
302("f¢ 0
IN254.0
3C2hh. 0
ANZ26%.0

. 30284,0

30264.0
264,0
3R2/4, 0
AN2 54,0
36264,0

30204.0
30254,0

32464, 0

20264.0

a024%,.0

Sugarcane

60000,0
600%0,.7
65030.2
6C002.0
606006 .0
600000\
&000N0.9
€£CC00,0

60030.2

600690.0
69092.0
69000,
6C0CC. 0
67050.7
60800,
60000.0

 6000C.0

60000.%
€0090.C

6G00C.0

600000
650 .0
s£DDAQ N
6O0N0,0
[atsls Rl
&0CO0.0
620°0.C
61030,

63000.0

53030.0

Fruits

12930,.¢
1297C.0
12an0c.0
12c3C.0

12700.9
12000.0

12900.C
12253.0
12092,0
12005.0
120%0.0

“12090.0

12950.0
12970.0
12079.0
1269¢C.0
122n00.0
1207¢.0
12193C.0
12036,0
12719.0
12935, ¢
120000
12000.¢
12090.0
12030.n

12090,6

12030.0

112720.0

12235C.n

Others

eg2.0

§I92.0.

o0Nn.Nn
Q0. n
cOn,.n
°Ql.0
€02.9
G000
¢Cs.0
SN0
Q0.0
Q03,9
909%.0
00,5
QaNN. 0o
eG2,0
agd.n
ann, o
°rly.n
$01.0
anj,n
S{M.C
<€NJ.0
AN, n
209%.7
DG
afn,.n
coa.n
agn.n
Q0N

9%



Table 16.

Banana

n.c
17552.9
1750:,9
17602.0
17592.0
17h92,.¢
17562.0
175%2.0
1i572.¢C
17792.0

0,0
17572,
17522.0

L17892.0
17592.0
17502.0
1THR2.0
17892.0
17502,90
17592.0
' 0,0
175%Q2,n
17%97.90
17%92.0
17z922.n
176¢2,0
17362.9
L RN
175°22.0
171522,0

Expected yields for technology (input)Level III; 30 year time horizon

Cacao

co"
_n.

36.
360.0
3€C.C
36C.N

..343.,19,

343.0
343.0
243.0
343,0
3(0300
343,0

_. 3’0300

343,0C
A43.0
343,0
343.0
2'}? .C
3%3.0
L3I0
7'"'?:0 ')
342,0
342,90
2453.0
42,0
243,0
26,0
3N2.10

-~
0.
]

‘
3

Coffee

2,2
0.0

-LEW)
°Ch.0 .

S$01%.0
©03.0
680,0

.682.0 |

&e9, 0
687%.0
637.0C
:)Ef'.‘.C
687.9

657.0

68,0

_527.0

6830
57,0
f.‘:-").C'
&) 0
(-":‘..’.‘
("'."‘.‘Qr)
GCR O
£€20.0
£27.9
632.0

69 L0

63%.0°

Pineapple

5250.0G
7000,0
6125.0
6125.0
6125,0
5259.0
T900.0
6125,.0
6125.0
6125,0
5250,0
T0065,0
6125.0

. 6125.0

6125.C
5259%.¢
7N090.¢
6125,0
6125.0

6125.9

5250.,0
T000.3
b125.0
612%.¢
6125.0
525n,0
7320.0
681250
6125.0
(1‘?.“,_.:\

Cormn

2613.0

2613,0
2613.0
2013.0

.2613.0

2613.0
2613,0

2613.0
.2613.0

2613.0
2612.0
2613.0
25613.0C
2613.0
25613.0
2613,0
2613.0
2613.0
2613.0
261i3.C
2513.0
2613.0

212,07

25613.0
Z613.0

. 2613.0

2612.0
2513.0
2613.0
2£132.,0

Rice

2526.0
2526.0
2526.0
2526,.0
2526.0
2526.0
2526.0
2526.0
2526.0
2526.0
2526.0
2526,0
2526.0
2526.0
2526.90
2526.0
2526.C
2526.0

, 252540

2526.0
2226.0
2%526.0
2524.90
2526.0
2526, 0
2525.9
2526.0
252640
252g.0

L 222649

Pasture

6C00C,. 0
€0200.0
60000.0
60000.0
600CCG.0
60000.0
60200.C

.6000G.0 .

60090.0
6000040
60000.0
6£C030.Q
£0000.0
€£0000.0
60600.0
65000.0
6C000.0
€0600,0
60009.0
50000,0
60000.0
60000,0
£00D1D.0
606000
662G0.0
6L 05,0
6GGN0.0
60000.0
£0022,0
£20CC.0

Sugarcane

900C0.0

. e000d.0

90000.0
20000.0

90000.0

€0000.0
S0000.0
90030.0
90000.0
SC0n0.0
€QCco0n.0
e00GG.0
92000.0
.§00072.0
90000.0
$0000.0
999009.0
96000.0
©p000.0
%C000.0
c0C00.0
€00aG6."T
2?0%00.90
§0000.,0
SCNC0.C
@Codo.o
€o000,.0

©N0N0.0 -

SCnCo.2
“0C0N.C

Fruits

1%029.0
15Cc00.0
15GC0.9
15000.0
15000.0
15000.¢C
152C0.0
15003.0
15002,0
15000.0
1500G.0
15029%.0
15000.0
150¢0.0
15020.0
15900.0
15207%.0
15000.0
15000.0
15002.0
1500042
1s3n0.¢
15023,.2
15072.06
15%00,0
15020.0
15000.0
15000,C
15207.0
15030.0

Others

1560.0
1590.9
1590.0

" 15%0.0

1550.10
1590.0
15°9.0
1550, 0

15¢2.0-

15%3.0
1599.0
153%.0
1590.0
1593.0
1592.0
15290, 0
1590.0
15992,0
1590 ,0
1522.0
1562.9
19e0,.n
1590.0
1€90.0
1556.0
1590, 0
1590.0C
1590.7
15e1.n
1530.9

LYy



Table 17.

Banana

0.0
4e0o, 47
4803,47
2303,47
489R,47
4EPR,47
4500.47
4503.47

4202,457 .

4808,47
) 2 N ¢
808,47
L4AQN 47
4800 .47
L503,.47
40P .47
468073 ,47
430,47
LEDR 47
L ARGN L7
Dol
GR33 .47
LRI g
I,’If'.a.c'.’
4FCH, 47
4R 8,07
Lurp 47
AT 07
LA/
DRI

Expected gross revenue per hectar for input Level I;

Cacao

[o X )
D0

Cc
17a2.00

17R2,a0

1722.00
1782.nn
1356.30
1354,30
135&,20
12%6,30
13548,
1365.30
1356, 30
l?sﬂ.qc
1256,39
1356.20
1256.20
1356, 30
1284,30
1295, 3%0
135,94
1254,20
1356,130

Coffee
0,0
0.0
16h6.20
3556, 3G

24566, 30

1646, 30
2747.20
2747,20
2747.20
2767.20
2747.20
2747,26
2747, 20
2767, 26
2747.29
2747.26

2747, 20

2747.2D
2747 .20
27067,2D
2747, 20
2T47.25
2747,20
?2147,20
2747,9)
2747,24
?..’,‘ 70 ?.",
67,20
2747.2¢
2T TN

Pineapple

3onn .00
£300,00
3500%.00
2500%.0)
3509.00
35006.00
400000
350,00

T 350,00

3500.09
anan,ro

4020.00.

A5rn,00
2500,00
3506.09
30C5.00
L8201 P o 1o}
As4n.00
25n00,00
389,00
25°0,00
L0, G0
IS 00
A520,68
26505.07
2500,00
400,190
FHr . en
250000

2502.00

Corn

1704.00
1794.20
1704,0C
1704.00

1704.00

1704.90
1704.00
1704.00
1794.00
1704, 00

L5400

1704.00
1704,0
1704,0¢
1734.07
1704.00
17C4.,00
1704,00

1704.96

1734.06
1724,00
1704,n0
17¢4.00
l?q4ong
1704,00
1L704,n0
1754,50
1704, 00
1704, 60

Rice’

3242,.79
252,73
3952.70
3252.76
3952.70
3952.70
3652.70
3952.7¢C
3552.70

3952.70°
- 3952,7C

2652.79
3952.70

_3952.7¢C

369%52.7¢C
3852.7¢C
3a52.7¢
3952.7¢C
3052.7¢C
31952,7¢C
29h2.710
3952.70
3052,7¢
682,70
3952.7¢
3G02.73
3¢52.70
31952.79
3952.7¢C
3a%2.70

Pasture

1206 ,60

1285.60
i3¢s.n0
130%.65
1305.6¢0
1305.60
1205,60
1305.580
1305.690
1305.69
1305.60
1305.69
1305,.40
1335.60
13225.40

1255.60

. 1305 ,40

1205.60
1325.40

1205,60
130:5,60

12CG5,A0
1205.69
1305.40
1305,.60
1305.89
LEG3.8G
13035,60
‘5.&0

&3

-y
W
Al

s
o ¢
1

Sugarcane

2700,0Q
2700.22
270C.90
2700.,00
270,09

2700.0)°

2702.00
270000
270C.50
2700,n0
27Cd,09
2700.n5
27C0.00
2700.00
2700,00

27C0 .00

2720,00
£799,92
2700.00
27Co,.on
27N .CC
27Ca.00
2720 .00
2733.,00
2700,.90
2700 ,0G6
270%.99
27C0.00
2700 .00
250%.00

30 year time horizon

Fruits

79393,2a
T929,%9
7999,03
7929.59
7969,¢Q
799,99
7997.6¢%
7973.95
7G93 .99
7999.69
7939,92
7991,99
7999 ,%9
7959.¢0
7€99,.59
7939.¢¢
7997 .90
7€92.09
7933.¢c¢
TQe9e,c0
7G02,99
7695 .¢9
Jcc3r,09
7%39,6Q
7590,c9
7999.59

17099 ,¢6

76¢99,60
7063,¢¢
7539, 0¢

Others

3853,.2°¢
853,29
3953.213
3953,.28
3653,28
3°52,2R
3553,22
33553,2¢
3952.2°
3952.28
652,28
3933,28
2552.28
JE52.24
2°53.2¢
26533.2%
3353.28
36532,24

3063, 25
2651,28
3063,2¢0
3653,.2¢

8%
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http:35r'0.00
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Table 18.

Banana

0.0
ee16,75
cL15,985
o616,.08
0h16.€¢5
08l4.05
€516.08
06'1(‘005
fs16,00
146,05

n_r\
¢616,65
c€z16.€5

Ch 6.0
e ,C5
e6le .S
DagjA .00
CHIE.OS
AWla,c5
€H1b6.40%
o0,
€61H, 70
QK14 00
eH1E,. =5
""n"(’.“r'
CqiNn.C8
“0]A.CSH
vl Ja( S
CH16,005

€ali, o5

Expected gross revenue per hectar for input Level II; 30 year time horizon

Cacao

S.0
. .0

0.0
SR41,9n
5841,n7
5941.,20
5R41.00
4574,50
’OSOIOOSn
45%4,50
hST4, 80
L5504, 50
41504 50
45%4,. 50
4504,50
L5°4,55
ﬂﬁn;.gn
HZ5°46,57
4574,.59
L4514 5n
44454, 957
HS 19, 5N
ABNG B0
e634, 89
LS, 60
AR G. ST
Anns, B8N
.‘-‘r‘
XLV
ALN4, 50

&Hu

Coffee

0.9
0.0

6120.56"

6122.59
6120 ,52
€120.5¢
45R5%.3¢

585,30
4505,20
45%5.39
"‘SQSQ 1‘:'
6555,%3
4515 .31
46745,
£5°%,31
&535.,212
H505,32
46528,37
4555,40

45€6,%

s5nc, 3
4555,320
A5h+-8.730
465,20

[ ,f‘s,?_’;

45-5,3°

1515,29
4375, 0
45983

LIRS A

Pineapple

7459,.99
9470,
79°c,00
7¢¢a,00
7093 ,99
7"9“?.0 90
8" ::q . 09
7059,93
7€30,009
79¢Q,qy

74¢c

.95

7cna,e3
75Q3,00
7923 .50
THGa, 20
R4 ‘:ﬂ. [=] o]
78%9,90
7902, 00
720, 30

743,99
Qncce,
TT], 00
7(""‘ o0
7ver, S0
T4 239,09¢
p{,c‘)‘ A
39

Taen
?0¢cc
’Qoa

cg

~
.30
oS

Com

40G2.00

4C92.,0%
4502.0n

42¢2,09
402,00

4na2,09

4392,n0

4002 e

I32.00
ﬁ¢92.00
40602,70
474%2,00
1'092000
4362,0n0
40c2,.00
4032.0C
£292,.720
£297.00
M. 00
462,00
AR .00
Il-‘ ) al "\(_‘
A4N32,.0%
4722,%7
,;’)”.\.(‘t (.I\”
41%22.00
4002,00G
DG 2.NG
!")ﬁ“ (a1
422,09

Rice

364,19
3624 ,19
3694,.1¢
8594,1%
8G4,10
Bl“"o. ‘O
8694.19

. 856¢%4,19

$5%4,19
A6%4,19
’1{'9"'- 1 2
264,11
35€4.19
624,19
36¢5.19
8694,19
624,12
634,19

Bﬁeﬁ.lo
364,10
‘LQ’ 19

A694, 10
’G?G.IQ
3594, 17
AGQ'.IQ
2h34,1%

‘.’b'?,lolq .

RGLCA, 16
£L24.10
LY LIRS B~

Pasture

316321.¢3

3621,.63
3631,.9
3&31 .45
3621.68
3¢31.68
3¢31.69
3621,68

3671.69
3¢31.6)
3631.68
2631.62
3631.63
3631,58
3631.68
1631.63
16321.45R
6] .40
3:31.69
2621.017
sy, 6
qéJL.
16’1.(?
3631,¢9
TL2L.ER
3621.,.03
31621469
3£31.53
e3l.67
36“1-"”’

Sugarcane

3600.00
260060
3660.00
36720,0n0
3611.00
3400.07
3600.00

. 3600.90

3600,.00
36C2.00
ARDN 00
2600.03
36C2.C0
3600,00
3600.’.‘0
3600 ,09
360n,00
2£00,00
3"(:'0 .(":‘
35Uur,ne
2600 .00
361,00
367C.aN
RELD N
2626,.,00
36035.00
3622.00
36!0 no
3670,00
3637.%C

Fruits

0599.5¢
95909,.,69
G¢503,90
°53%.99

%539.9¢

e599,.c9
agq oo
Q509,.¢9
a533,<9
esqgo,cn
€533,c0
e53¢,s¢
a579,.c¢
a95%3,.¢9
n553.50
©5392,50
o500,c0
§599.¢6
as9y,00
290,00
D4hyo, €9
¢519,a¢
Qg oo
2H39.€9

€530,35

9599,c0

A599,.69
0599,<9
¢539,cc
9599,60

Others

S112.00

_5112.rC

5112.00
5112.0a¢
5112.0n0
S112.01
5112.n1
5112.nn

5112.n0 -

5112.n1
sir2.o7
£112.10
5112.92
£112.90
sliz2.oe
5112.07
5112.40
5112.9¢
5112.09
5112.07
S112.22
511280
§112.07
S112.72
S112.00
5112.20
G112,0¢
5112.00
5112.20
5112.9¢

6%


http:36q/,.19
http:31.31.o8
http:701r0.99
http:45m'5.3n
http:45-'4.5n
http:45"n4.5n
http:3.C31.65

Table 19.

Banana

o.0
1342%,44
14625.44
14425,4
14425.44
1%425,44
14.425.64
14425 ,44
15425,.44
14425, 44

Cel
124625 .44
16425, 64
Lib4&Z25.44
14425,44
ib4z5.44
14425,44
14425, 44
146425 4
_164525.64%

G,o
M KLY AA
164025.5%4
2ELE5 .G
I4425,54
14425,44
Jh425, 44
leszS5.64%
1342%. 4%
Yan2%.04

Expected gross revenue per hectar for input level III; 30 year time horizon

Cacao

0.¢

0.C

¢.0
3564!00
355%.0D
3564,020
2564000

.33%5.70

2325,7¢C
335,70

33925,7C.

S32%, 7D
3365.70
385,70
2305,7¢
22495,70
23¢5,70

3355,10

25313.1C
3375.7C
S335.79
‘),2’.19'_ 7{‘
T306.7¢
RA25,7¢
Q335,7ﬁ
A2F5.7%
23395, 7¢C
3295,76
3435,70

4
23605, 76

-

Coffee

.2
C.h
G¢170.80

Q170.80

2176.80,

©°170.80
663,00

.6868.00

£9568.00
6058,00
68663.00
6362.00
6368.00
L8&E2 .00
€R252.02
H85L1.00
6%6#2,00
664, 00
584H8,00

HRO2.00

LR58.00
AR 4]
GG L.00
Sa6R, 00
5749, 00

5’:’-’*3: "‘()

€358, 20
6362.0)
£356,00

EHGH LN

Pineapple

520,810
7600
6125.02
6125.00
6125.00
5250.0%
7000.00
6125.00
6125.00
6125.00

5250,00

7000.00
125,00
6125.00
6125.00
5259.00

.. T0C3.00

6125,459
G12S.00
6125.,09
529%.0G0
700000
512%.0n
175,00
AL2%5. 00

- 5250,00

7700,00
6125.00
612%.00
6185.00

Corn

291%.59

L2218.50

3912,50
3919.50

.3916,590.

3319,50
3312.50

391€.5G .

321950
3519,50
3912.50
3819,.590
916,50
3212,.5

30)9,580

Al19,590

3919.50

32190,5¢C

,3?219,5¢

391¢.30

. 3%613,.5)

Rice

7225.49

7325.40 _

 7325.40

T325.90

. 1325.49

7325:40
7325.,40
7325.40
732540

T325.40

7325.40

223.%0
7325.40
7325.40
7325.40
7325.40

T325.40

7325.40
7325.40

7325.“0
T225.40
T7225.490
7325.49
7225440
T22%.40
T325.%0
7325,40
T325.4%
T7325.42

Pasture

7200.00
7206409
v20%.00
T200.00
7250.00
7200.0C0
72C0.00

.. T7200.00

T2C0.00
7200.,00
T202,00
7200400
7200:.00
7200.02
7200.00
7200.C8
7209.00
7250.00
T7200.00
T200.00
7200.,C0
T2:2.00
7200.06G
T2G00.00
7200,00
1260.060
7205.00
7200400
T72C0.00
7269.00

Sugarcane

5400.0C
5[900 s OO
5400.09
540C.00
5400.0G
5400,09
5420.00

. 5400.00
54C0,00

5400,0C
54C3.10
5400.00
540,00
5400.C0
5420.00
5400.00
540C.00
545000
430,900
5400.00
54G0.450
Z402.00
5406, G0
500,00
5400.00
5450, 30
S400.00
5400,00
5430.00
5%02.00

Fruits

172¢00.00
129%0.C0O
12000.C0
120C2.09
12000.00
12000.60
12C22.00
120n0.00
12000.09
12000.00
12000.09
128060.80
12000.00

L26en.00

120G2.G0
120230.090
12000.00
120930.0C
12002.09
12C62.C¢C
12009%.00
1207%,00
12000,G9
12062.00Q
12009.0C
12000.00
12¢00.00
12900.02
12090,60
120952,00

Others

°931.20
Qn21.29
9031.20
S031.20
co3l1.2¢C
9031.20
903129
e031.20
9n31.29

€n3l.20.

9031.20
€531.29
9031-20
e531.2n
9C31.20
S631.20
¢021.20
9031;2&
on31.20
9231.20
3021.29
Q321,23
0%31.25
e02i.20
Q031.29
GC. V.20
2031270
Q9321.2C
Q021,20
|031.20

0s


http:12050.00
http:12000.00
http:12000.00
http:12000.0Q
http:12003.00
http:12000.00
http:7'lnn.00
http:12000.00
http:12COO.00
http:12003.C9
http:t-!?5.o0
http:14475.44
http:120,0.00
http:12000.00
http:14425.44
http:11-425.44
http:12000.00
http:933'3.20
http:12000.00
http:1442!.44
http:12000.00
http:12000.00
http:1:1425.44
http:12000.00
http:12CO0.00
http:35611.00
http:V'-425.44
http:12000.00
http:14425.44
http:12000.00
http:12000.00
http:14425.44
http:12000.CO
http:14-25.44
http:12000.C0
http:14425.44
http:12000.00
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The canals, headgates and other necessary works within the Milagro
project area have been under construction since 1946. The costs re-
presented in Table 20 are the investment costs of the Milagro project

calculated by INERHI through 1970, year zero for this study.

Table 20. Public capital invested in the Milagro project

Headgates S/. 1331035.
Canals 6146748.
Other Works 1780924.
Access Roads 480000.
Totali S/. 9738707.

Source: (16)

The sum of public capital investment 1s to be amortized in 30
years (14) (the horizon chosen for the present study) at an interest
.rate of 4 per cent, the rate granted INERHI by the World Development
Bank (18). The value calculated in Table 21 is the required annual
payment (tariff receipts) necessary to amortize investment in the

pPrimary canal system in Milagro.

Table 21. Annual amortization value of public investment, Milagro

project
Total Investment S/. 9738707
Coefficient
(4% for 30 years) X 0.05783

Annual Payment S/. 563189
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Since the project size stabilized by the year 1968 (18), the
annual variable cost of the project is calculated as an average of
the annual variable costs for the years 1968, 1969, and 1970, to re-

duce error due to any yearly fluxuation (Table 22).

Table 22. Average annual variable expenditure, Milagro project

Maintenance S/. 323421
Operation 164905
Administration 176553
Indirect Costs ' 90860
Total S/. 755739

Source: (13)

The sum of the two annual costs, amortization and variable, re-
presents the total annual cost to INERHI of the primary canal system.
This is the sum that must be recovered through the structure of water

tariffs (Table 23).

Table 23. Average annual total expenditure, Milagro project

Annual Amortized Investment s/. 563189,
Annual Variable Cost 155739.
Total Annual Cost S/. 1318928.

The water tariff is calculated in the project area by the farmer
receiving an average flow of one liter per second of water into his

canals for every hectar of land which he contracts to INERHI to irrigate
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during the six dry months of the year. For example, suppose a farmer
owns 10 hectars of land in Milagro County and happens to live where
canals reach his farm. He wishes to irrigate seven hectars this year.
At the end of the winter or rainy season, he begins to receive water
from the primary canals. His neighbors also need water, so he may
water once every three days. To water his hectars, he is given 21
liters per second into his canals all day every third day. The INERHI
canals that run by his land carry 0.20 cubic meters of water per second.
The 21 liters per second he receives are equal to 0.021 cubic meters
per second.

At the end of the year, when the harvest is in, the farmer pays
S/. 200. per hectar for all the water received or, in this case, a
total of S/. 1400.

Any annual variance in the number of hectars contracting water
supplies is due to climatic conditione and not due to changing project
size. The average number of hectars contracted during the period, 1968
through 1970 was 7127. At the rate of S/. 200. per hectar, the aver-

age revenue to INERHI for the period was §/. 1425400 (Table 24).

Table 24. Average revenue, Milagro project

Average Contracts 7127
Water Tariff X S/. 200
Average Revenue S/. 1425400.

Source: (16)
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Table 25 presents a comparison of average annual revenue and
average annual expenditure within the Milagro project area by INERHI,

operator of the primary canal system in the project area.

Table 25. Average annual net revenue, Milagro project

Average Revenue S/. 1425400

‘Average Expenditure = 1318928

Average Net Revenue S/. 106472

On the basis of the foregoing analysis, it can be concluded that
all operating and maintenance costs plus amortization of the capital
investments in the primary canal system are paid by the farmers using

irrigation water within the area, Just as required by law (8).

On-Farm Investment Costs

In addition to the primary canal system within the project area,
the farmers using the water must have a certain amount of on-farm
irrigation infrastructure. The cost of this, on the average, has been
estimated by Caja Nacional de Riego engineers at S/. 3000. per hectar
(4, p. 21). This cost does not enter into the calculation of annual
costs reported below. Rather, it is part of the capital and "manager-

ial" investment to which the internal rate of return accrues.
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yariable Production Costs

Non-Irrigation Production Costs

The variable costs of production for each crop in the Milagro pro-

ject area include items such as seed, fertilizer, pesticides, and

trangportation. The variable costs also include labor costs. Since
the proprietor may work himself, and»mqst likely does, the opportunity

cost of his labor jis imputed as a cost of production.

Credit Costs

Annual production credit costs are figured as a percentage of all
cash expenditures. A farmer may incur the credit cost by sor;;wing.»
or by using his own capital, which imputes an opportunity cost to his
budget. The rate may vary from farmer to farmer as risk to the lender
changes. An average rate of interest was used in the production func-
tions of the Milagro project area (18).

Because of the labor intensity of the production methods of the
crops in the area, interest on capital investment in machinery 1is not
a part cf the average farm budgets. Some machinery investment nay
exist, but information about it is not available for this study. It
is assumed that any machinery interest costs are included in the rental

fees for machinery, which are included in the budget for Input Level

III.

Irrigation Costs

Inclusion of irrigation in farm techniques creates some variable
costs. There 1~ an annual cost due to the water tariff, which is pay-

ment to the primary canal svstem. irrication labor. maintenanre whirh
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is practically all labor, and increased costs related to higher yields,

such as harvest labor and transportation costs.,

Input Levels

While farmers have no control over product or factor prices,
the level of technology under which they operate can be changed.
Three levels of technology have been defined above, and yields and
costs for average farms by tenure class calculated (see Tables
26-28 for costs per crop per hectare). In review, the technélogy»
levels are:

Input Level I: Traditional farming methods without

irrigation, only natural rainfall.

Input Level II: Traditional farming methods with

irrigation from INERHI canals.
Input Level III:Modern farming methods introduced

on irrigated land.
Net Revenue

Net Revenuc per Crop, per Hectar

Net revenue for each crop or group of crops presently being grown
on farms within the Milagro project area has been calculated on the
basis of the modecl presented above. This is accomplished by subtract-
ing costs from gross returns for cach farm type. Note that net returns
on types 12 and 13 do not gake into account the S/. 3,000 per hectar
cost of a distribution system. The results of the calculations under

static conditions are presented in Tables 29 through 31.



Table 26. Estimated per hectar costs by crops for Inmput Levelll

Banana

1275.00
I’l.qorn-
1743.09
1742,Nn¢C
1748,.00
17642 ,00
1742 ,70
1748,
172~2,07
1749,0n0)
1275.09

1729.00°

1742,09

L1743.00

1742,n)
1T4F .00
1749 ,0n
17490""..'
!?I.Q..’oﬁ
1748 .00
1275.00
1743.00
1Tha, 08
| g N )
”’.1.“"-
)"."r'? .f-"\
1743,
17249 ,00
1743 ,00
1742 ,00

Caup

2n13,129
Tis. "N
440,00
543,09
550.90

540,00

549,00
5146.09
516.0C
516,09
516.90
516. 00
516.60

516,20

516,00
516.00
S1A.0D
514,70
516.0)
S16.00
516.067
516,70
516.7%
a)1A, DN
516.00
51-‘}. f‘f"
-5..00
S1¢. 00
914,00
516,20

Coffee

624,08
525,00

94¢,00

ql,'l,(‘.n
Q60,00

"easa,0n

£33.0n

. 833.00

833.90
833.00

833.29
821,97

823.0%
333.¢9
232,09
933,09

823,00

§33.00
A33,no

523,00

21,06

233,00
213,20
312,10
&213,.,0n
233,93
BR13,70
323,00
223,00

223,00

Pineapple

222,90
2057.0)

“193c,.00°

1¢29,00.

1929.00

1

223°,00
257,00
1e19,00
1030,99
1939,00
2239.00
2957.09
19392.70°

1927,0C

1929,900
22372.00

2057.70

1€39,90
1920,09
1520,09
222

20r87.00
1620,00
19%22.70
122,09

2232,00

2057.,00
1629 ,00
1°36,90
1952.430

20,00

Cora

855.')‘:
£55.70
855.02
855,00

855.70
£55.00

855,00
255,60

855.00

' 855,00

355.00

255,00

B55.99

855,00
255,00

855.90_

355.00
855,00

555,00

955.%)
A55.00
aNs. A0
B985, 20
ans,00

855,00

R55.N0

Rice

1383,10

133,00

1333.0n
1333.00

1383.0¢

1383,00
1361.00

13e3,00

1223.00
1383,92¢C
13°2.00

Ja3.N2
1223.00

1273.70

1333.90
1363.,CC
13683,00
1323.00
12433.00
1383,00

13¢3.22

133, cn
382.00
1333.00
123,00
1323-’)':‘

*1203,0¢C

12F3.7C
1223.6%
1342,00

Pasture

5€2.00
SP2.C3
S82.00
582.09

582,00

5£2.0N
532000
532.Cn
582,00
S%2.00
532,00
502,00
$542.00

S82.70

522.00
522.00
582.00
552.00
5£2.09

522,00

$32.00
5R2,09
512.02n
502,20
St2.09
582.09
52/7.n0
ne2.09
592,00
582.09

Sugarcane

2543.00
25563.00
2543.0C
2543,00

_2543.00

2563 .30
2543.00

2543.0n0

2543.20
2543.00
2543,00
2543 .00
2543.20

2543.00

2543.06

25’?3 000_

2543 .00
2543.00
2543,00
2543,0n
25431.00
25431 ,09
2541.00
2543.09
2543,00
2543,0C
2543.0C
2543 .00
2543,900
2543 .00

Fruits

2555.00
2555,.,C0

2555.00

25%5.00
2555.00

2555.00

2555.00
2555.00
2555.06G
255%.00
2555.00
2555.00
2555.00

2556,00

2558.0
2555.C9

2 55.00

25535.00
2555.00

2565.00

2555.00
2555,00
2555.00
2555.00
2586,N02
2555%,00
2555.00
2005595.00
2555.00
2555.00

Others

173¢.90
1738,50
173R. Q0
1738.00
1739,70
1732,00
1738 ,.100

“1738.00
1732,00 |

1738.400
1728.00
1722.00
1738,09
1739,40
173&,72
173g.00
1738.10
1738.%7
1738,20
1728,920
1732.2
172,40
1723p.,00
1773.40
17i5.07
1722 .90
173€.,202
1725.00
173f,.20
1725.20

LS



Table 27.

Banana

2156.00

21rz.09,

31R2,.00
212,00
2182.nn
3182.00
3122.0¢0
L 3182.00
3tr2.0n0
3172.00

2156.00
3142.00

3122.090

3122,00,

3172.N0
3ir2.00
C31°2.02
312,90
2152,0D
3172,09
2184 22
Elf'z_n.)
212,03
a2,.0N
21°2,.0:2
21F2.09
ALez2.0n
132,00
1152.90

31700

Escimated per hectar costs by crops for Input Level II

Cacao

217,00

832.00

572.00
927.05
927.00
927,00
927.00
.aig. rp
838,00
839,00
830,99
gie,00
34,00
_Fa,nn
38,00
838,710
212,00
833,00
822_4n
231,019
312,00
P1%,30
°2p,.0H
Aya,on
P23,
213,00

T e33,74

aze,nrn
a5, nn

25,00

Coffee

766.00
537.0r
1340,09
1343.0N0

- 1348.00

1342.¢0
l198.00

d19p.00
11%2,00°

1i92.00

lieg,o00

1172.99

119,00
Jdlea,nn

1iz22.np
117R.1¢0

. l1e2,00

11ar.0n0
lica 59
1129,.0n
113300
112,00
ae.nn
cid.Ne
IR, 90
a5, . nn

-t gt few

d gt ot Pt
ot jod pob [l d b el et
o
g
*
2
O

Pineapple

4027.00
3557.60
3537,00
3537.00
3537.00
4087.00
3657.00

.3527.00

3527,00
3537.00

4027,00
3657,00,

3527,00
3537.09,
2537.05
47%7.,00
A657,00

3537.00)

3%537.09

237,00

4027 ,0Q
2857,.90
2527.00
3L7 .00
25827.99
ANET L N0
ArLRT .00
2537,02
3537.912

353700

Com

1697.00
1997.00
1597.00
1897.00

1897.00

1297.,00
1837.00

J1agr.co

18937.00
15927,00

.1397.00

1827.00
“1837.00
1297.09

1527.00

1£97.00

. 1rRST.N0
1397.70

1897.6)
1327,00
1827, 19
1297, 06
1697.,00
‘13%7.00

1227.1¢

L 1837.9¢
£13°7.n0

1327.94
1397.00
1727.00

Rice

2853.09
2E58.00
285R,0Q
2358.00
2853.00
2852,00
2858.00
2855.00.
2853.09
2€58.9¢C

_285P,00_

2R56,Q0
2852,006

.285%.20

2855.0¢C
2a52.n¢C
2852,00
285%,00
2358,.00
289%R,. Q0
28650,Q8
2953,0n
2FP53,00
2558.00
2%568,00
253,190
Z895,00
2a851,00
2258.0nC
285%.09

Pasture

()48 -GO

649,00

64%.00
64£.50

. 643,60
€49.00

643.09
643,00
647 .00
642,00
6’?3000
$48,.90
643.00

643.09

643,00
642,Nn0
643,00
6453 ,N0
6"-“.00

_ 642,00

648,00
L40.0n0
645.50
642,90
648,00

&R ,,0N

(I{.‘q ;"30
642,600
6’!3.')0
649,00

Sugarcane

2132¢.00

0 31356.09

3135,00
3136.00
3136.00
3136.00
3126.60

3136.00

3135.00
3135,00
3 13{1.0 0'3

3136,00

3136.00
3135.00
3135,00
3126.00
31346,.0¢
3136.50
2136.M0

3136.00

2120, 00
3136.00
21206.00
3130.00
3136.00
2}36.00
3135.09
2134,00
3126.00
3126.0N0

Fruits

31040,00
31C40.G0
31040.¢62
3104G.r0
31049.60
21049.00
31040.00
31C40.00
31049.00
31049%.00
310649%.05
31745.00

3104206

31040.006
31042,00
_31040.00
31040,.06
21041.00
31040,00
31040.00
21¢40.00
31943.00
31040.00
31042,60
310¢43.00
31040,00
210%0.n0
31¢40.00
21G42.00

Others

1939,20
1sep.0n

1999.00

1663,00
1CRg, 0
15¢e.00
18:¢.0¢0
1582.00
1628.99
1998.96

- 1928.00

1967,00
1568.20
15€5.00Q
1928.00
138,100
l1ee8.00
1578,00
19 6.90
166R,.C)
165€.90
1C5 R, 00
1¢90,00
12,90
1esg,0n
182,50
1529,01
192p,00
1688, ,00
168¢.00

8s


http:3134,.00
http:3104'O.CC
http:31040.CG
http:2it5R.00
http:31040.00
http:31040.00
http:6.CC-_31040.00
http:3101,3.00
http:01.$7.00
http:31040.00
http:31040,.00
http:31040.00
http:31040.00
http:31040.00
http:ll-)a.on
http:3104G.ro
http:134P,.CO
http:3104a.00
http:3104,x.cn
http:31040.00
http:31040.00

Table 28.

Banana

6599.09
4812.0n0
4212.00
4812.09
4812.60
4812.09
4812.02
4312.09
4812.09
412.00
68°0.09
4812.60
4812.00
4322.00
4812.0n7
4012,09
4g12.00
£012.n0
4812.00

4812.00

&9220.CH
A4L1Z.00
A012.00
4%12.0)
4832.09
4r12.000
<312.n9
Sh12-0n
4512.,00
4R13,.09

Estimated per hectar costs by crops for Input Level III

Cacao

3380.80
1217.¢0
743,90
913,00
918.0C

a18.0C

G18.20
R77.00
f77.('C
g77o{.-'°
877,00
g77.00
837,00
. 877.09

877.00

877.050

CR7T.00

877.00
877.60
‘877.CN
877,00
877,00
RTIT7.0N0
77,00
g71.00
877.%0
BIT.00
377,09
a7r7.00

Coffee

2156.00
1717.C0
3257.00
3237.900
3257.00
3257.9¢0
2A32.00
2832.00
2322.00
2932.00
zZgr2,n0
2532.00
2832.00

2832.0%

2832.0n0
2832.00
2R22.01
2832.0n0
2832.0n

2832.00

2222.00
2822.00
2332.00
2R32.0)
2322.00
2322.30
2%32.90
28322,.00
2832.600

2822.30

Pineapple

40G30,00
3764.00
3420.00
3"0 a%.00
345G.,00
4030.00
A7T93.00

3450,00 ¢

3490.00
2490.00
4£020.00
3702.00

3400.00

2400.00
23490.00
400,00

3703,00

24en .00
3420.00
246C0,00
4N23,00
37C3.00
3430,00
2490,00
24HCD 00
4030.00
3703,.00
347,00
34TH,0N
359%,00

Corn

1453, 09
1452, 130
1453.n¢
1453.C0
16453400
1453.00
1453.00
1453.00
1453.00
1452,00
1453.020
1453.00
1453,00

1452.020

1453.00
1453.00
1453.00
1453.00
1453.00
1453. 00
1453,.00
1453.00
1453,00
1453,90
1453.G0
1453,6090
1433,00

"1453.00

1453.00
1453.06

Rice

2489,00
2489,00
24£82.00

.2489.00

2483,00
2489.00
2489.00
2489.00
2489.00
2489,00
24R2,C0
248S.00
2489.00
2489.00
249,00
2489,00
2492.00
2459,00
248%,00
24RQ,00
2432,00
24£9,00
2635,00
2426,00
2457,00

1 24£%,00

2489,00
2Hh89.,0C
248S.00

L£&9.00

Pasture

2522.00
2592.00
2592.00
2%92.00
2592.0C
2522.00
25922,090

2592.00

2592.00
2592.00

2592.,00 .

2592.00
2592.00
25°92.00
2592.00
2592.00
2592.GC
2592.00
2592.00
2572.00
25%2.00
2592.,00
2572.00
25¢2.00
25322.00
2592.090
2592.00
2592.00
2592.C0
25‘.‘2.00

Sugarcane

4323.00
4323.090
4323,00
%323.00
4323.00
4323.00
£323.00

4323.90
£323,00
4323.00
4323.00
323,00
4323.00

233.C0
4323.00
4323.00
4323,00
%1223,00
4323.00
4323.00
4123,00
4323.00
4322.06
£4323,00
4323.00

L 4323.,00

4323.00
4323.00
4323.00
4323.00

Fruits

5621.00
5621.00
9621.00
5¢21.00
5621.00
5621.00
5621.00
5621.00
5621.00
5621.00
5621.C0
5621.00
5621,00
5621.00
5621.00
5621.00
5621.00
5621.00
5621.00
5621.Cn
5621.00
56¢21,0N
5621.00
S()z_l 000
5¢21.0C
5621.90
5621.00
5521.C0
5621.00
5621.09

Others

2992.N0
2552.00
2682.722
2692.50
2¢82.00
29R2.4n
22R2.072
2932.00
2932.00
2932.00
29°2.90
2932.00
2552.,20
2582,00
2992.00
2982.920
ce32.20
2952.00
2222.929
2922,00
25R2,.00
26%2,01
29a2.0n0
292,09
2532.90
26n2.00
2e82,00
2952.0C
2842.90
2952.00
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http:241.9.00
http:2P,32.00
http:40-12.no
http:2o012.00
http:47,73.CO
http:34P00.00
http:29IP2.00
http:4323.0.5621.00
http:4.323.00
http:6Sc?0.00

Table 29.

Banana

~1275,04

ANL6, 6T

309,647
INED LT

A05N.,47

N0 47
3'3!’0047

3002, 47

AdH2 .07
30460,47

z1275.00

30£1.47
AGLN, L7

2067

3CR8Y.47
3INED, LT
=60 .47
20,67
E LV A
A0, 67

1270.0n0°

0047
EDY AN
.’r "',;. . I‘-‘
L0 AT
ACLEN 7
AV I
LN 47
BN, 45T
EESER A

Cacao

~2079,n0

. TT1600

-440,00
1242,r9
1242,00
1242.00
1242.00

A40.30

P40, 20
£4C,30
549,30
R,l":', ’;0
pPAN, 30
3’00. ?Q
B&eN, 2D
40,20
41,30
g,'v'..’. 30
40,30
347,40
;‘ ,PQ. :‘0
F47,3"
&40.20
a0, 20
F:")r.'; 20
€% 30
rfLa,ap
&% 35

Pa%,an

Coffee

-534.00.
-505.60

2717.30

2717.30

2717030

2717.13)
1914.20
__lq.'.lfo?q
1014,290
1614,29
_1%914.2n
i%i4.20
15ta,20
191420
1914,20
1914.2n

C1914.20
1914,.20

1214.20

. 1%14.20

1918, 2r
1214.20
1914.20
1914.20
1M4,20
114,20
12145.26
174,20

191¢4,20

Pineapple.

761.05
15843,00
15¢1.00
1561,00
1561.05

761.00
1443, 00

561,00

1561.09
1561.00
_751.5C
1243,00
1561.00

15681409
15¢1.00

T6L.ND

1943,50

15681.00
1561.0n0

1561.0C

761.00
1243,90
1551.00
131,00
1541.09

7£1.00
1943.00
1561.00
1961.00

tudsl.an

Corn

849,09

849.0C

84<,Nn9
349.0C

3’!9.(’0“

a4¢,00
B4, ND
849.00
§%2.0)
840,09

849,00

B49.00
842,00

.840,00"

847.00
849.C00

249,00

24,00
5492.00
849.00G
546.0C
240,006
R4C,ND
B8H4C, 0
S4C.OQ0
gL, 00
&40g9 .00
grLe,0n
G2, 00
24T, 00

Net revenue per crop per hectar for Inpué Level I

Rice

2553.70
2569.70
2563476
2562.70

.2565.70

256%2.70
25(5?.70

2569.7C

2559,70
2569.70
2569.79
2569.7C
2569.70

2559.70

2569.70
2569,70
2565.70
2562.70
2569.70

. ?.5\'!0‘70

250,79
2569.,7n
2546R.7T0
2569.710
25835,70

Pasture

723.66
723.60
722.60
721.60
723.60
T723.60
722.60

723.60

T723.69
723.60

723,00

T23.60

“T23.60
. 123,60

T723.60
723.60
723.63
723,60

22.60
T23.60
723.60
T23.60
723,60
T22.49
T723.60
722.50
T22.80
723.060
T2360

-
l.?I-'a’J‘:\

Sugarcane

157.00
157.00

157.nc

157.00

A57.00

15790
157.20

157.00Q

157,00
157.00
157.00
157,09
157.00

157.00

157.00
157.00
157.00
157,00
157.00
157.00
157.00
157.00
157.900
157,00
157.00
157.¢0
157.96
157.00
157,07
157.730

Fruits

£444,9¢
£444.69
544,69
5444,.99

5444,.00

5444 ,5C
5’5"1"9. 99
5446.9G
5644%,.96
546404,99
54644,9¢G

5444 .60

51011,10 r."?
5:',040 99
5444.99
5444.¢9
54%4,.,°6
£444,06
54464,c0
54644 ,c¢
5""‘1’01 °9
S646,00
54644,¢6
bha64 .0
54446.¢¢
Sl,{"'. ca
5440,95
Shhth,e2
S4nr4,0¢
5444 .85

Others

‘221542¢
2215.,2*%
2215.29
2215.21%
2215,2?
2215,2°
2215.2¢

. 2215.28

2215,2¢
2215.2%2
2215,22
2215.29
22165,24

. 2215.273

2215.29
2215,27
2215.2°F
2215.24
2219,?3
22) 6,24

2215.2>.

221728
2%18,7%
.2215.2¢

221 %.2°

2215,23

2?215.2¢
2215.210
2215,2¢#
2215.2%

09


http:5441t.13
http:254-'.70
http:256%).70
http:101,1.0o
http:1(,14.20
http:5"tIt.9q
http:1C1;43.oo
http:30',0.47
http:256:9.70

Table 30.

Banana

-2356.720
657A'C5
'6234.95
5224,95
$234.SH
£234,95
623464,95
224,05

6234,05

6224,¢5
~2356.0N0
&214,°5
6224,05
$224,5*

€225.€5

522%.€5
6224,75
6?14.05

(9’4(,.qu
£236.,25

=237¢.00
£22¢,05
734,95
623405
L2704 0OF
624,05
£22¢.c53
1234,
£2746.9%

6224.%5

Cacao

-2376.20
-1032.%0

-772.00

4714,50

471400

4714,00
4714.70

3466.50

3466,59
466,50
3L66.50

1455.50"

464,
 364B&.5C

3566.50

3466.59

2466.59

3465,50
3466,5D
3466.50

3466,60

3400, 50
2486, 5

2464, 80
1445,50

3INHLLHN

485,50
3&66.50

236050
L0854, 50

Coffee

-95.00
-337.0
4572,5°
4572.59
6572 QQ

4572.59

3ia7,30

J1e7.32°

3107,.39
3197.130

3187.3¢

3177.39

3)F7.20
3187.132
2137,.39
3147.232

2187.3¢

31687.39
3177.37°
3127,20

3107,33

31n7,.72¢
107,32
2127.3%
212720
157439
177.39
157,392

? 1)( N ')L‘)

UP&'U

.

"3107.39

Pineapple

323i2.0¢
4542,9393
“W262.92
4262.99

4262429

2212.99
4642 .02

4262,99

4262,99
42£2.°
3212.239

L642.99

6267 .00
.QZGZQQG
£282.59
3212.99
4642.99
4262.99
4262,99
4267,099

3712,69

H5H62,00
47 13,90
47242 ,00
N2 62,93
2212.0¢

HH 42,94

42452.92
K202 2%
6262.“0

Com

1555.00
1q35,00
1995.00
1995.00

1$35.00

1765.00
1995.00

1995.00 -

1995.00
1895.80

1685,n0

1905,00
19565.60

1 1995.00

1995.00
1695, 00
1595.20

1995, 00

1995,00
1 J.xc

« N0
1’05-00

_1395.00
1075,00
1215,n00

1395.20
1395.90
IQQJ.JU
1275.2¢C
19?5-?0

Rice

5636,19

5636416
5636419

5636.19
5635.19
5636olq
5636419

5636419

5636.19
5626.19
5636.19
5636,19
5636.16

5636419
‘5636,10

5636,.19
5636.19
5636,19
5636.109
56256,.,19
5636416
5624.19

516,19

5436.1¢
5¢35.,19
566,19
563616
5530419
h6Z60.19
S&36.10

Net revenue per crop per hectar for Inpué Level II
L 4

Pasture

2103.,58

27232.58

"2733.68

2783.¢&8

_2783,02

2783.83
2783.¢8

2763.68

2783 ,6R
2763.08
2723.68

273,68

2783.63

27182.68

278369
2753,68

2783,68

27e3.648
2783.68
27103.062
2183,¢6°
273,68
212609
2752.60
2722.68
273,08
2782.68
2T83.,A68
ITR3 .68
27 l)at‘n

Sugarcane

264 .90
20%.00
26%.00
2€% 400
04 .00
264.C0
264,00

264,02

264.0“
264 .00
204.00
264 .00
260 .09
2564 .00
264 .00
26% .09
264.00

264 .00

2564.09
26“.00
266,00
264.00
264.90
264.0?
2064.00

264,10

26 .00
264 4,CD
206400
264 .Q0

Fruits

-21649.01
=21543.01

~21540.03

=21&49.01

-21640.C1
-21649.01

=21642.01

=215642.C1
”21640.01
-21640.01

-21640,01

~-21643.C1}
=216490.C1
_2l640.01
~21649.01
~21640.01
-21643101
-215642.01

-21647.01

-21647.01
-21449.01
-21642.01
-21649.01
-21640.01
-21649.01
-21640,01
~2i642.01
~e1060.01
-21&640.01

-21840.01°

Others

29°24.0C .
. 2924.00.

Re7e,.00
2924.90
29249.20
2924.00
2024.40

2324.09
2924.20

2924.,00
c924.00

T 2%24.20

€529.00

2924.9C

2924.09
2924.00
2924.00
2624,0N
2924.70

) 292*.00

2924 .17
2924,00
ZG *‘\0
226,90
2624.00
292400
2924,00
2924 ,00
2924.00

2924.09

19



Table 31.

Banana

=7090.00
241344
€513.44
€413.44
S412.44
9213.44
9413.44
9413.44
9413,.44

GLi3.54

~7600.30,

413,494
9413044
< 8413;4%
9413,44
9413.44%
41244
G9413.44
9413-’)4
2413,44
=70°0.09
©%13,44

©L13. 44

Chiz.an
%13.44
9%i3,44
G412.4%4%
TEL3. 54
:Z""l_’l b

Q61T L4

Lacao

-3536.00.

~1517,30_

-043.00
2446.,00
_2445,00
. 25646,90
2445,00
2318.70
2318.70
2212, 70
2318,70
2318.70
2312.70
236,70
2218.70
2318.70
Z231g.70
2312.70
2318.70
2215,70
2313.70
319.7¢
2312.70

Coffee

-2356000
-1?17.09
5713.20
5712.80
5713.120

5713.60°

3835.00

3836.00.

3816.00

3336.090-
3825.00

3534,00
38346,00
283535.C0
3336,00
3825.00
3826.062
3335.00
381316, 00

35256.00

3525.G0
3825, 00

835,50

[ RCIE RNV NG RE RFURIT

Pineapple

1020.00

3027.C0

24%25,00

©2435.00

2435.00
1029.00
3067.G0
,2435.00
2435.00
2435.00

1029.00
3257.50

2435,060

.2435,.560

2435.00
1029.00

 309%7.00.

2425.00
2435,00
2435,00
1020.,00
3277.00

2'!":‘5-’:"—) .

£423%.00
2435,10

199000

2¢27.00
24235,450
273550

2435.00

Corn

2286, 50
2256.50
2268.50

2266950'
.2265.50

22565.50
22&6.50
2256.50
2266.50C
2265.50
2266,5C
2266,50
228605C

2266.50.

2266,50
2266,5¢
2265, 50
2266.5C
2266. SG

. 2286.5C

2256.50
2256,50

2266056

2246.50
2266420

2266.,50

285,50
CeH56. 50

22&6.5¢C

‘2266450

|1

Rice

4636.40
4636.40
4638, 40
4636.%0
.4636.490
4636,40
4636.40
4636.40
4626,40
4636.40
£626,40
4535.,40
40625.,40
5636.40
4636,40
45636440

4535.40

4636.,40
4635.40
4835.50

4535.40

46386.20

6646, 40

4536.410
45356440

L3S, 40

45625,40
£535,50

 4636,40

‘2636.‘;0

Net revenue per cropiper hectar for Input Ugvel III

Pasture

4405.00
4432.00
4408.00
4402.00
4%03,00
4403.00
4405,G0

4408,00 |

4408.00
4403.G0
ALDB,00

L'f"tOBaOO
5408.,00

4409.00
4%03.CC
4403.00

240300

$408.,00

4403.00

4403.00
4408.00
44603.,00

4405.00

4405000
4£508.00

_440R.00

4408.C06
24058.99
4406.,50
4403.C0

Sugarcane

877.00
S7T.60
E?T7.L0
BiT.CO

877.0C

677,00

877.C0
T7.00
877.00
T7.00

.. 8T7.00
T7.00
877.00
. B77,09

£77.00
877.020
377.00
877.C0
877.00

877.00

877.00
877.00
677.09
£77.00

E77.C0
877.00
877.00
£717.060

877.00

Fruits

6179.,00
6172.00
6176,00
617G.00

. 6179,00

6173.00
6173.00

6179.00

6173.00
o173,.200
6175.00

"617%.09

6179,00
6179,.00
6179.¢€0
£175.,00

6179.09

6173.20
€173,00
6173.,00
6179.00
6173,¢0
6179.0n
6179.690
6175.C0
6172.00
6179,00
€17%.00
6179.,00
6175.00

Others

5849.29
5349.2n
$349,20
5349,20
$534%420
5849,.20
5849.20
5849.20
5349.20
£829,.2)
5549.,290
£843,20
£34%.2

5£9%.20
5349.20
842,70
5949,29

- 5859420

£8439.20
5849420

5849,20

524%.20
88%9,20
€as, 2,20
5869,29
5247,.29
5549,20
5549.20
5949,20
€38%49.29

9


http:1.636.40
http:41j0S.00
http:45-6--.43
http:941-3.44
http:440-3.00
http:39116.00
http:524.9.20
http:58,49.20
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http:A.636.40
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Distribution of Crops

The sample data points from the two agricultural surveys were
divided into four size groups. The basis for the division was ex-
plained in a previous section. The average areas within each group
were compared in Table 12. It can be concluded that the average areas
within each group in the two survey zones (with and without irrigation)
are statistically equal. For the present study, the zone with irriga-
tion is the area of interest. The average total farm areas for each
size level within the irrigated lands are used to represent the average
total farm areas on both the irrigated and unirrigated farms. This
will eliminate a random variation from entering the analysis.

The percentage of the average farm land devoted to each crop,
including land not cultivated, calculated by INERHI from the surveys
(9 and 10) 1s used to represent the distribution of crops. The per~
centages are multiplied by the average total farm size, as discussed
above, to determine the average land areas used to grow each crop with-
in size levels on irrigated and unirrigated land in Tables 32 and 33.
The distribution of crops on the irrigated land is also used to deter-
mine crop distribution under "modern" farming practices, as no informa-

tion exists to indicate the actual distribution.

Net Revenue per Farm

The input/output analysis of the crops within the project area has
been on a unit area (per hectar) basis. To relate the information ob-
tained about the individual crop: to the present economic situation
within the project area, the net revenues will be summed over the areas
devoted to each crop within the average farm size for each of the land

tenure groups. This nill estimat: average farm incomes (net revenues).



Table 32. Distribution of crops for Input Level I
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Size Level 1

Size Level II Size Level III Size Level IV

Crop % Ha. y4 Ha. 4 Ha. Z Ha.
1 7.4 0.17 9.0 0.64 6.3 0.89 12.3 5.34
2 22.3 0.51 34.3 2.43 32.2 4.56 19.6 8.50
3 10.2 0.24 16.4 1.16 11.6 1.64 13.1 5.68
4 32.8 0.76 17.4 1.23 19.0 2.70 10.6 4.60
5 0.6 0.01 0.6 0.04 0.9 0.13 1.0 0.43
6 0.0 0.00 0.0 0.00 0.0 0.00 2.3 1.00
7 19.2 0.46 18.0 1.28 22,5 3.20 23.2 10.07
8 0.0 0.00 0.0 0.00 2.5 0.36 11.1 4.82
9 0.9 0.02 1.8 0.13 1.5 0.21 3.2 1.39
10 0.0 0.00 0.3 0.02 1.0 0.14 2.1 0.91
W/0 6.6 0.15 2.2 0.16 2.5 0.36 1.5 0.65
Total 100.0 2.32 100.0 7.09 100.0 14.20 100.0 43.39

Source: (10)



Table 33. Distribvtion of crops for Input Levels II and III

Size Level 1 Size Level II Size Level III Size Level IV

Crop 4 Ha. p4 Ha. Z Ha. % Ha.
1 12.2 0.28 25.2 1.79  20.6 2.93  14.5 6.29
2 19.4 0.45 21,6 1.53 16.0  2.27  30.2  13.10
3 223 0.52 17.1 1.21  13.8 1.96 11.4 4.95
4 0.0  0.00 .0 0.00 0.0  0.00 .0 0.00
5 0.0 0.00 .0  0.00 1.1  0.16 .0 0.00
6 20.9  0.48 .6  0.18 0.0  0.00 .8 0.35
7 0.0 0.00 8.2 0.58 16.0  2.27  20.1 8.72
8 25.2 0.59 16.1 1.14 18.9  2.68  13.1 5.68
9 0.0  0.00 .0  0.00 .0 0.00 .5 0.22
10 0.0  0.00 .0  0.00 .0  0.00 .9 0.39
W/0 0.0  0.00 .2 0.66 13.6  1.93 .5 3.69
Total 100.0  2.32 100.0  7.09 100.0 14.20 100.0  43.139

Source: (9)
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To illustrate this process, the calculations for Size Level T will
be presented. Only the final results for the other three levels are
in this study, but the process is identical. Row 1 of column 2 in
Table 34 is the sum of the products of row 1 in Table 29 and column 3
of Table 32. That is, the row is the sum over all crops of average
net returns per crop, per hectar in year 1 multiplied by the area in

that crop.

Internal Rate of Return to Technology Shifts

Net Return Defined

Corresponding to a shift from one input (technology) level to
another, there is a difference in net revenue. The difference is
termed for present purposes net return. For Size Level I, the shift
from Input Level I to Input Level II would create the difference for
each year between net revenue of Level I and Level II of Table 34.

This difference is column 3 (returns) of Table 35,

Discounting

In Table 35, the future net returns to a technological shift, as
described above, are discounted to year zero so that the sum of the
present values is equal to the initial investment in year zero. The
rate of return that equates these two values is the internal rate of
return to an investment if that investment is responsible for the
difference in net revenues (net returns).

The original investment value is obtained by multiplying the

water distribution system costs of S/. 3,000 per hectar by the average



Table 34.

Net revenue per farm for Size Level I
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INPUT( D)

YFAR IMPUT(]) ITNDPUTLS)
1 -370,689 168,63 ~207R.,42
2 1960.85 3243,28 3744,17
3 2584 .64 6173.27 7924,23
4 3447,66 L BR41.GS 9650:,5%
5 3442405 641,96 9450.53
6 2834 .46 641,96 9450, 533
7 2540,93 CT921.4856 BHTE 07
R, 3044,85 7360,29 8416,70
9 304%,R5 7360.29 8416,79
10 3044,85 7326%.29 f841¢,70C

1 1659,82 4954, 82 3765283
12 3335,17 7360,29 84156.7T9
13 3044 .85 . 7369,29 8416.79
14 3N44,85 7360, 2¢ 8416.7¢
15 3044 ,85 - 7360.79 8416.79
16 2436,85 7360,29 8416,7°
17 3235,17 7260.29 8416.79
18 2044 ,85 7360.20 RG)YGL T
19 3044 ,85 7380,29 841673
20 2044 .85 7560.29 8416,79
21 1652,82 4954,.82 3795.63
22 0 3135,17 ¢ 7360,27% . 8416,77
23 3044,15 7360, 20 RG16.76
24 ANGG .85 7360.26 BLLA,TS
2% A044 .95 7369.29 RH16.79
26 2436.85 7360,29 8415,79
27 2235,17 73¢0, 20 8614,79
28 2044 .85 7360.29 9416, 79
29 3044425 T736N.29 8435.79,
30 3044 ,96 T7346N.29 84%416.79

!

Source: (9, 10, &)

IR L2 PR L PSR, S N
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Table 35. Calculating the internal rate of return for Size Level I,
when technology shifts from Level I to Level II*
- PPFSENT
YEAR IEVESTYUENT RETURN FACTYOR YALUS
0 6955,0C ‘ *
1 1012.32  '0.49253 701411
l 1766.43 O0.h730T 837.72
3 WG5%24 63 C.32x221 1346.34
4 5653.57 [ J.220009 130%,09
5 56672,50  0.159235 €0%, 50
6 L 6271.50 - DL Li0LY 652,10
7 4855,062 N.07044 379,39
R 471944 0.0%294 253.C2
a  4TTIS,44 0.03667 175, 24
o 4779, 44 0 CaHn3C 121.37
11 3719.00 Oenl75q 650/‘I‘l
12, 4482,12, 0.01219% 64,63
13 &T79,44 0.00844 40.32
14 QTT9.44 - 0,0G6%3% 27.63
15 AT79.44 0.00%445 1,134
16 5387, 94 0. 00250 15.10
17 L469,12 0.00L0G 6.71
18 Hh7TS .44 000134 603
16 ChTT0,44 0.C0C23 4445
?0 ,l T-"g o“’i £ 0 . ‘)".":':’)‘l‘t 30 08
.2, L3710,00, _6.,09848 1.66
22 4480,12 0.0Nn031 1,39
23 RTT7D .44 0.00021 1,02
24 LT70,44 0.00015 0.71
25 LHT79,44 ¢. 00010 D.49
26 $387.44 G 00037 0.38
27_ ‘?:«_’v.-“ n_o.l 2 N Q-n QQDOS n 0?2
28 K779 .44 0.00003 D16
2° 4TT9.44 0.20002 0.11
3 &eT19 .44 Q. CNN22 Q.09
_T0T AL KA%4L BT

EBQESENT VALUZ AT 44,39 PERCFNT S0P 3 YIARS.
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farm size for Level I (2.32 ha). The average sizes for irrigated farms

(technology Level II) are used as a base in each instance.

Rates of Return Under Dynamic Conditions

The internal rates for shifting technology on the Milagro project
area farms are presented in Tables 36 through 43. These tables are
three dimensional in nature, in that three parameters, yields, costs,
and selling prices are varied simultaneously. Egch size level is
studied independently of the others. The rates reflect the reaction of
the average farm of the size level, and no particular farm is expected
to react in the same way as the average. Because of the homogeneity
encountered in the project area, however, it is expected that there
will not be a great deal of variance.

The internal rates of return have been calculated for two shifts‘
in technology from Il to I2 and also from I1 to 13. The first, chang-
ing farms from traditional unirrigated methods to traditional irrigated
methods, describes what has happened in much of the project area. The
second, changing from traditional unirrigated methods to modern irri-
gated methods is the proposed ";*:jsct package" that is usually implied
in feasibility studies. This is the case with the Chas. T. Main study
and the INERHI study that followed.

It will be noted that a shift along one axis of such a three
dimensional table may imply a necessary shift along another axis. For
example, a higher yield might imply using a higher cost factor or per-

haps a lower market price factor.
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Price variation (X)
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Table 40. Internal rates of return, Size Level I, I5 - I1
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Table 42.

Price variation (X).
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Table 43. Internal rates of return, Size Level IV, I, - I
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Yields

Even with the same inputs year after year (and the same costs),
climatic conditions and other random factors will produce differing
crop yields per unit area. 1In the model, random variations in crop

yields are given equal weight in both directions, up and down.

Prices in Ecuador

In Ecuador, many prices on both the wholesale and retail levels
are established by law., Even with price controls, however, market
pressures have an effect on the rates of exchange of goods and ser-
vices.

Expanding production may be expected to exert dowﬁward market
Pressures in an area where developmental money is used to improve
yields. This effect may be amplified since the facilities for pro-
cessing in the area are used to capacity, thus adding to a strongly
inelastic demand for agricultural production (18 and 19).

An increased demand for food products in the country as a whole,
on the other hand, will apply pressure for rising prices.

The model examines the effects of both a rise and a decline in the
prices paid to producers of agricultural commodities in the Milagro
Project area. Inelastic demand at the farmgate and falling prices have
been prevalent (18); therefore, the first market pressure is weightei
heavier than the latter in the simulation program.

Fgctor prices reflect thé rising costs of raw materials and pro-
cuction methods worldwide, because most of the factors of production
come from sources external to Ecuador. Factor prices have been rising
over the last few years (18). The simulation program varies the fac-

tor prices only in a positive direction.



79

. Gross Revenue

Gross revenue associated with each farm size is the product of
prices and yields and may vary with a change in either parameter. A
random rise in yields may also be offset by a lowering of prices, or

vice versa.

Variable Costs

Variable costs for each of the farm budgets by size and technology
as established by the survey information and the Chas. T. Main team are
varied uniformly with one exception. The cost of the water contract,
or the wate tariff, is held constant while market pressures on factot
prices are examined. This 1s because later shifts in the cost of the

water coatract, itself, will be studied.

Interpretation of Dynamic Results

The shifts in the yield, cost and price parameters are simulated
by percentage variations in a plus (minus) direction from the values
revealed by the survey data. The internal rates of return for the
original data are shown at intersections of the 1.00 row and column
values and the 1.00 cost factor in each case. Tiruv, the internal rate
of return computed in the example culminating i: Table 35 is indicated
in Table 36 at the location described (44.36%).

If it is supposed that a technology shift on the smnll size farms,
from Il to 12 is accompanied by a cost increasc of 5 per cent, the
internal rate of return to the introduced irrigation technology will
fall to 43.2 per cent and to 42.04 per cent if costs rise an average

of 10 per cent (cost factor = 1.1).
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Numerous other simulated results are depicted. 1In each caée, the
parameters are assumed to move on a percentage basis above or below
the initial survey values. For example, if the shift I1 to.Iz, Size
Level I (Table 36), is accompanied by a reduction in average prices re-
ceived of 30 per cent, the rate of return will be 25.03. 1If yields in-
crease, due to random events, by 10 per cent, and prices fall by 30 per
cent, the rate of return to the shift will be 29.81 per cent. If an
additional allowance is made for a shift in costs of 5 per cent up-
wards, the rate of return falls to 28.59 per cent.

Table 37 simulates the same technology shift, I1 to 12, but for
slightly larger farm sizes (Level II), and so on., Starting with Table

40, the process is repeated, but for a technology shift from I1 to 13.

Water Tariffs Uader Dvnamic Conditions

To determine the level of water tariff necessary to tax away
the pure economic profit earned on irrigated farms, the Dynamic
Model simulation program is modified.

To this point in the study, the water tariff has been the legal
rate as set forth in Ecuadorian water law, just high enough to pay the
expenses of the primary canal system. In this simulation modifi-
cation, the tariff will be set where it will allow a rate of return on
water related investment of 12 per cent, exactly, which is the approxi-
mate rate of return of the best alternative investment possibility of
similar risk available to farmers of the area. With a rate of return
lower than alternatives, farmers will not invest in infrastructure, nor

will they be willing to contract for warer.
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Tables 44 through 47 simulate total water fees per hectar that
could be paid, leaving a 12 per cent return on the costs of invest-
ing in the technology shift from Ij to I, under present and varying
price, cost and yield conditions.

The approximate actual situation for the smallest size irrigated
traditional farms (Tabel 44), is that they pay a fee of S/. 200 per
hectar at present. According to the simulation results, this could
approximate 1608.39 if no other investment or management return (unac-
counted for in the survey farm budgets) were thought to be necessary.

To the extent the budgets are correct, an increment in fees of
S/. 1408/hectar would just tax away pure economic profits on farms
of this size level.

What this series of tables shows is the sensitivity of the aver-
age farmer's ability to absorb higher fees if yields, costs, and re-
ceipts move in unfavorable directions. In the worst situation simu-
lated, costs up 10 per cent, yields down 20 per cent and prices down
30 per cent, the 1608.39 figure is reduced to 223.13. This is an
amount greater than the present average water charges for technology
Level 11 farms of the size shown in Table 44. Tables 45 through 47
are interpreted in the same fashion.

The most interesting and revealing feature of these results is
that the smaller size farm can ‘.car the highest water fee increase, all

other things equal.

Secondary Benefits

In the Milagro project area, the primary benefits accrue to the

individual farmer due to the on-farm infrastructure built to irrigate
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Table 44. Water tariff = 12 per cent return on water related invest—
ment, Size Level I
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Table 47. Water tariff = MVP, Size Level IV
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his crops after the pPrimary canal system 1s in place. Each farmer
bears the cost of the amortization and operation of the main canals as
an annual production cost.

Many non-farmers and farmers not irrigating crops also benefit
indirectly from the water being delivered to help increase crops. In-
creased net revenue to some farmers mean increased spending for factors
of production, food and other staples and luxury items. This trans-
lates into increased sales and revenue for others not necessarily con-
cerned with direct agricultural production.

In the Chas. T. Main study, a comparison was made of several
estimates of the multiplier for calculating secondary benefits. The
value finally chosen for their use was 0.40 (6, p. 135). This value
may be somewhat arbitrary, but it is now used to determine the value of
secondary bencfits gencrated in the Milagro project area.

No attempt will be made to estimate the value of increased export
of agricultural commodities to the country's Balance of trade and

national income accounts. The effects considered are only regional.

Table 48. Secondary benefits, Milagro project

Mean Annual Total Annual Total Annual
Management No. of Direct Bene- Direct Secondary
Level Farms fits per Farm Benefits Benefits
I 21 S/. 4469 S/. 93849 S/. 37540
II 41 11674 478634 191454
III 62 12339 765018 306007
IV _18 61055 1098990 439596

Total 142 S/. 2436491 S/. 974597
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POLICY IMPLICATIONS

Summary of Analysis

Surveys and studics made within the Milagro project area of Ecua-
dor have shown that the farms of the area arc basically homogeneous.
The soils, the climate and the inate management ability of the farmers
are considered homogencous throughout the area. Technology and market
pressures are also uniform in Milagro.

Land tenure differences are removed by dividing the farmers into
size groups, representative of four basic land tenure systems. The
small variation of farm size about the mean value for each group indi-
cates that the four groups are representative of real grouping patterns
of the area.

One non-homogeneous factor found in the project area was on-farm
irrigation and its respective infrastructure. There exists a distinct
grouping of farms receiving water from the primary canal system and
those that rely on natural rainfall.

The mean land areas within each tenure level for irrigated and
non-irrigated land were compared statistically, and the results show
that farm size is the same for both types of on-farm water management
practices.

From survey information supplied by INERHI, three input/output
relationships were estimated for each major crop of the area. These
were: traditional unirrigated; traditional irrigated; and modern
irrigated. They were designated technology Levels I, II and III.

They are shown 1in Figures and Tables as Il, 12 and 13.
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The difference in net revenue between technology Level I and tech-
nology Level II is attributable to the differences in water management
practices alone. All costs but water investment are considered in cal-
culating net revenues; therefore, the difference in net revenues ac-
crues to on-farm irrigation infrastructure investment. This is called
net returns.

The internal rate of net return was calculated under dynamic con-
ditions and the results tabulated to permit observation of the respon-

siveness of the rate to alterations in market and climatic conditions.

Justification of the Irrigation Project

The average rate of interest on time de:posits in Ecuador is 6 per
cent. Other investment opportunities avai'able to farmers in the
Milagro project area may reach 12 per cent (18).

The internal rates of return under present market and climatic
(yield) conditions are presented in Table 49 and are compared with the

. 12 per cent opportunity cost mentioned above.

Table 49. Investment opportunity costs and net internal rates of

return for technology shift I1 to 12

Size Discount Opportunity Net Rate of
Level Rate (%) Cost (%) Return (%)
**
1 44.4 12.0 32.4
11 41.3 12.0 29.3
III 35.5 12.0 23.5

Iv 24.4 12.0 12.4

* See Tables 36-39,.
*% See Tables 35-36.
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A similar analysis was made of the rates of return under d&namic
conditions. Only under the most extreme conditions, such as a low
yield with extremely low product prices (indicating a demand curve
with a positive slope) and rising production costs at the same time
did the rate of return fall below the estimated 12 per cent opportunity
cost .

It is concluded, therefore, that there definitely is an economic

incentive for acceptance of irrigation on the Milagro project.

Modern Inputs

The difference between net revenues of technology Level I and
technology Level ITI is attributable to both changes in water manage-
ment practices plus modern inputs, such as hybrid seeds and fertilizers.
This combination of inputs is sometimes known as the "project package,"
and benefit/cost ratios used to justify irrigation projects are usually
calculated on this basis.

From a macro-economic viewpoint, increased yields are desirable
to feed the population of the country and alleviate some pressure on
the balance of trade.

A problem of the Milagro project and other related grojects has
been the apparent reluctance of farmers to shift from the traditional
irrigated type farms to the modern irrigated type. One hypothesis pre-
sented to explain this is that difficulties are encountered in obtain-
ing credit for farmers in the area (18).

The internal rate of return to irrigation infrastructure was cal-
culated by the difference between net revenues of technology Level I

and technology Level II. The internal rate of return for the change
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from Input Level I to Input Level III is attributable to the "p}oject
package." If that portion of the internal rate of return that accrues
to irrigation infrastructure is subtracted from the rate of return
attributable to the "project package!" the remainder should represent
the rate of return attributable to the change from traditional irrigated
type farms to modern irrigated type farms.

As Table 50 demonstrates, under present conditions in Milagro,
the change fram traditional irrigated farming, F2, to modern irrigated
farming, F3, is not the best alternative use of capital and labor in
the project area. All four size levels indicate a return to incremen-
tal investment less than the estimated 12 per cent opportunity cost.
Size Level I has a negative difference because of profitable economies
of scale that exist in sugar refining which is usually done on the

farm stead.

Table 50. Comparative internal rates of return

Size

Level F;-F Fp-F Fy - F
I 39.63 44-36 -4073
11 49.09 41,25 7.84
111 44.43 35.52 8.91
1v 32.57 24.36 8.21

Table 50 is based on static relationships implied by the farm
budgets (input/output relationships) based on the field surveys (6, 9,

10). However, any similar comparisons are possible from rates of
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return shown in Tables 36 through 43 under simulated changes in cost,

returns, and yield parameters.

Economic Rents

On average, in recent ycars, all expenses of the Milagro system,
including amortization and operating costs, have been met by the
water users through the water tariffs, as required by law.

From that point, the water tariff was examined to see if any econ-
omic rent was being captured by the farmers. This was found to be the
case, and an attempt was made to estimate the value of that rent. Un-
der static conditions, with an imputed 12 per cent return to irrigation
investment, the tariffs that will capture all the economic rent for

soclety are presented in Table 51.

Table 51. Economic rent captured by private investment per hectar,
technology Level I1

Size Maximum Present Economic
Level Tariff Tariff Rent
I S/. 1608.39 s/. 200.00 S/. 1408.39
I1 1491.33 200.00 1291.33
III 1178.30 200.00 978.30
Iv 810.36 200.00 610.36

These results are only approximate. The static data do not allow
for downward shifts in output (farm production) as a result of a full
12 per cent imputed to irrigation investment. These shifts would re-

duce net revenues and implicit economic rents somewhat below the values
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shown. In short, the "maximum" tariffs could not be as high as shown,
even under average present static conditions prevailing during the sur-
vey period. In addition, adverse shifts in expected ylelds, receipts
and costs, would further reduce the limits to which the tariffs could
be raised, given the risks of farming.

Accepting these indicative results, it was shown that only under
the most extreme farming and market conditions, as described above, did
the estimated potential tariff fall to a level indicating no existence
of economic rents.

If the tariff adopted by INERHI wéfe set at S/. 800, just under
the lowest rate given in Table 51, some economic rent would continue to
flow to smaller farms, those considered marginal operations by INERHI
personnel (18). Table 52 shows the absolute magnitude of the rent that
might be captured by INERHI, summed over the irrigated farms of the
project area, for each of three possible tariff levels. Note that
these results are based on the static input/output values found in the
survey data. Increased tariffs would have some impact on project out-
put, and the implicit net revenues lying behind the figures in Table
51 would be somewhat reduced.

Thus, the maximum tariff does not imply water should be priced
at that level; rather it is a technique for calculating the economic
profits due to a change in technology. In order to suggest a price
policy for water we would need to know society's valuation of the

water; this is beyond the scope of this thesis.,
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Table 52. Total potential tariff revenue to INERHI, Milagro project

Average Economic Economic  Number Economic  Economic
Size Area Rent per Rent per of Rent per Rent for
Level (Cultivated Hectar Farm Farms Size Level Project
Tariff = S/. 800
I 2.32 600 1392 21 29232
II 6.87 600 4122 41 168902
III 12.27 600 7362 62 456444
v 39.70 600 23820 18 428760
Total $/.1083338
Tariff = S/. 600
I 2.32 400 928 21 19488
II 6.87 400 2748 41 112668
II1 12,27 400 4908 62 304296
v 39.70 400 15880 18 285840
Total S/.722292
Tariff = S/, 400
I 2.32 200 264 21 5542
II 6.87 200 1374 41 56334
III 12.27 200 2454 62 152148
v 39.70 200 7940 18 142920
Total S/. 356944
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Recommendation for Future Studies

If farmers of the Milagro project areas are assumed to be :ational
'ptoducers of agricultural commodities, a well developed survey could
estimate the price elasticity of demand for irrigation water. This
value could be used to assess the validity of the conclusions made in
this thesis as to possible viable changes in water tariffs.

Further research could also accurately estimate the actual rate
of return for alternative investments available to farmers of the
Milagro area. The accuracy of this rate is crucial in calculating the
water tariff to capture for soclety that portion of farmer's economic

rent that may be thought to belong to the canal system,
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Rate = 12%




1-9
1-3
4-6
7-9

10-18
10-12
12-15
16-18

19-27
19-21
22-24
25-27

28-37
28-29
30-33
34-37

38-42

43-45
46-48

CONTROL CARD

Yields
Increment
Lower limit
Upper limit

Prices
Increment
Lower limit
Upper limit

Inputs
Increment
Lower limit
Upper limit

Subroutines
Fix
Tariff value
Rate value

Investment Value
(per unit area)

Number of crops

Number of years
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PROYECTO DE FICHA PARA ENCUESTA DE CARACTER
AGRICOLA A NIVCL DE FINCAS

FICHA DE:
ENCUESTADOR:

1.- GENERALIDADES

~UBICACION

167

~ACCESIBILIDAD

~FISIOGRAFIA GENERAL DE LA FINCA

SUPERFICIE DE LA FINCA

Sup. Total (U.A.L.) Sup. Cultivable Sup. Cultivada Sup. Urbana
Has. Has. Has. Has,

CARACTER DE LA TENENCIA Y TIPO DE EMPRESA

TENENCIA EMPRESA
Propietario M| has. Familiar
Arrendatario [} has. Empresarial
Otros tipos: ’
| has.
C:J has.

Figure 6. Example of 1968 questionnaire (p.1)
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CIDULA DE CULTIVO EN EL ULTIMO ANO

I Semestre

II Semestre

Cultivo

has.

Epoca
S cd Cultivo

Eéoca
has. S co

Se han realizado otros cultivos en los &anos precedentes? si no

Cuales

Cuales cultivos han Incrementado en los Gltimos anos?

Cuales cultivos han disminuido?

. Por que razones?

S = Siembra

°C = Cosecha

Figure 6.

Example of 1968 questionnaire (p.2)
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INSTITUTO ECUAT"RIAND DE RECURS 'S FIDRAUTICNS

Economria y, Estadist. Encuesta Socio Ecazor:ca ]Fecha:
CAT™S T °NF'I'"ENTIA1.ES
IDENT!FIZACINN ISV FTEFFITIE ! TENEDUCIA E)(""-OT'.-\('.
PROVINCIA .Cantbn TOTAL JArr. Gan| Mix
T PATRTOUIA 5ifo WEGADA Pyopiclario -
NOMERE DEL PRDODUCT MR TULTIVATA Arrendat. -
Nombre del Propietario Cultivable Partidarin L.
ro '
LINDER NS:
NORTE ORIENTE
SUR OCCIDENTE
VIAS DE CTMUNIZACION:
PRINCIPAL (8§ TIPD
SECUNDARIO ( S : TIPD

OTRNS  PREDIOS DEL MISMO DUENO

Nombre del Predio LOCAULIZACION Superficie Tenencia

-
Cantén Parroguvia ! Sitin

I
COMPOSIZION  FAMILLAR

NOMBRE Parenfescq"";/‘s"'c.—of“';(':.‘it:-tialmgedad Tewma- Instruce [ Lugar de tra-
)
]
|
. VIVIENDA Y ©TRAS CONSTRUCCIONES
CLASE ESTADY |Superficie | Material | ORSERVACIONES

MAQUINARIA EQJIPD ¥  HERRAMIENTAS

CLASE ESTAD? [N°* afios usoValor Est] PBSERVACIONES

Figure 7. Example of 1971 questionnaire (p.l)
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Costo

“BiANEE 5

1Fertilizantes

Fungicidas

Mano de obra : Mag.o tracc_An! Ricgo

i

ISurran Total
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Super—ﬁ ER 2CUCCICN
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DEST®:C DE PRODUCCION

Lugar Venta _ _

A cuien vcnde

. ———— = — — i =

OBS ERV AC,

cultiv. ! Rendim., Total consumo. ‘VE NTAS dentro |fuera de
s DOT en finca {cantidad |precio U. Total finca finca
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Figure 7. Example of 1971 questionnaire (p.2)





