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Xhe occasional note of petulance found within the pages that follow 
reflects the author's perplexity over the fact that Chile is an 'radeveJ.op-
ed economy but Chilians are not. Chile does not need foreigners to tell 
it what to do; Chile has econoaists, engineers, scholars, and scientists 
Moreover, these people are not isolated but move back and forth between 
the government and the universities. A single sojourn in Chile of 
eighteen months provides a snap-shot rather than a moving picture. For 
this reason the writer may inadequately appreciate the changes that are 
taking place or the rate at which change is occurring. The eighteen 
months in question, July 1964-December 1965, were especially interesting 
since they encompassed the election of a new government dedicated to 
social and economic reform. 

The opinions expressed herein are solely the responsibility of the 
author; in several instances they run counter to those held by people 
with whom he has been closely associated. 

Albuquerquê  New Mexico, June 1966. 
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Chapter I 

SETTING OF THE STUDY 

Objectives of the study , . . 
The purposes of this study are first, to ascertain what is the 

present state of water resource use, knowledge of water resources and 
policies of water resource planning in Latin America; and, second, to 
indicate how planning of water resource use can be related to national 
economic planning. As a by-product it was hoped that the project would 
serve as one of the needed bridges between engineers and physical scien-
tists on one side and economists and economic policy makers on the other 
regarding the role- of water in economic development. 

Work already undertaken by CEPAL had' shown that investment in water 
resource projects--ranging from large multi-purpose dams to wells drilled 
to meet the needs of a single user—accounted for a substantial share of 
aggregáte investment in most Latin Ameirican countries. Interest in water 
resource planning has been high, since the pay-off in possible economies, 
should such be revealed, might also be high. There has also been a 
latent hope that a study of water resources might reveal opportunities 
for economic development that hitherto had been overlooked. 

It was quite clear from the bê ginriing that, within the limits of 
time and manpower that were available, the first objective could not be 
accomplished for Latin America, but might be for one country. The second 
and third objectives, since they are methodological, could also be met 
by using a single country. The choice fell on Chile for several reasons: 
it was close at hand, it had a long tradition of: irrigated agriculture. 
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it had better hydrologic data than could be found elsewhere, except pos-
sibly in Mexico. In addition to the supply of raw data, other studies 
could be drawn upon. The first of a series of national water resource 
studies being carried on by CEPAL had dealt with Chile. The GEPAL study 
had stimulated several investigations by the Department of Planning in 
the Ministry of Public Works. There were, moreover, rumblings of 
possible changes in Chile's administrative organization, legal basis of 
water rights, and extension of planning into regional questions that en-
couraged the hope that a successful undertalcing would find a receptive 
audience. 

There is ample evidence that both national and international 
agencies are aware of the need for multiple purpose river basin develop-
ment and in possession of the requisite skills to conduct whatever analysis 
might be necessary to accomplish the results. At the same time, and for 
the reasons suggested below, the several studies made within CEPAL and 
the Chilean government approached but never fulfilled the requirements 
of a systematic "model," no matter how rudimentally defined such a model 
might be. 

One reason for the deficiency is, of coursej, a lack of basic data. 
In the face of the fragmentary, uncertain, and often contradictory state 
of basic information regarding economic activity, techniques of water 
use, hydrologic measurements, and costs of developing water supplies, 
one might readily conclude that a con̂ irehensive model of water resource 

1/ To the best of our knowledge, no other Latin American country has 
gone farther than Chile, and most have not gone as far. 
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use, no matter how primitive, is beyond.the capacity of the analyst.. 
For Chile, however, and possibly for other countries, a model can be 
constructed. The fact that it has not can be explained, perhaps, by 

(1) failure to formulate optimizing or sub-optimizing criteria 
that would.serve as the basis of a model; 

(2) concentration of attention on river basin development, whereby 
each basin is treated as a micro-economy; 

(3) the difficulty of making economic projections because 
(a) the historical record is short and subject to dis-

continuous variations, 
(b) disaggregation of the economy into regional components 

has been given little attention; 
(4) lack of governmental machinery to achieve the coordination 

needed for investigations of multiple uses served by a river 
system and for the planning, financing, and administration 
of such a system. Collaboration among the various Chilean 
water resource agencies is informal rather than formal, and 
extends only as far as each agency sees fit. —f 

There are many topics that should ,be. included in a comprehensive 
report on the water resources of a country. This is not' a comprehensive 
report. We grant little attention to matters of law an<i water rights, 
benefit-cost analysis of river basin projects, and administrative organi-
zation, nor do we dwell on past successes or failures of particular 

\/ After reading a preliminary version of this manuscript, Blair Bower, 
staff member of Resources for the Future, made the comments that 
additional factors to be considered are (1) failure to make explicit 
the problems of decision-making under conditions of uncertainty, 
(a subject to which Estevam Straus of the Instituto Latinoamericano 
de Planificación has recently had under study) and (2) the diffi-
culty of comparing the merits of investment in water resources with 
other forms of investment. 
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water resource projects. These questions are not wholly ignored; but 
having been treated, in more or less detail̂  in other studies already 
completed or currently under wáy, they are given only a passing nod 
except for the one or two instances in which our own investigation re-
vealed information that had not previously appeared in print. 

While this study is wholly concerned with Chile, it was the author's 
hope and the expectation of members of the Institute and CEPAL staff, 
that the results would have a high transfer value. Chile has served as 
a laboratory specimen. We hope to extend our studies to other countries 
until we are confident that we understand "Latin American" water resource 
problems. Since each Latin American country is sui generis, only the metliod 
of analysis can be transfer, ed. But we cannot be sure of the transfera-
bility even of method until it hes been accomplished, and this has not 
yet been done. 
Order of presentation: 

This report consists of three parts: 
(1) a description of the economic model by which water requirements 

were projected to 1985, 
(2) a discussion of the present state of water use and the state ox 

information about water use from the point of view of what is 
required for the model, and 

(3) results of the projections. 
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A Brief Word about the Geography of Chile 
There is no reason why non-Chileans should be expected to have the 

knowledge of the geography of Chile that is necessary to understand its 
water resources, so let us hope that the publishers include a map showing 
provinces, mountains and major rivers. Chile is a beautiful country 
beloved by Chileann, but it is also a geographic curiosity. Its map, 
complete with provinces, looks like the spinal column of a man who has 
low-back trouble. 

The climate of Chile ranges from very dry to very wet and from sub-
tropical to polar. Continental Chile extends southward to 46 degrees; 
the rest is antartic to the south and insular far to the west. Climatic 
variation in going from east to west within continental Chile is extreme 





I - 5 

enough fór a Santiaguino'to pick ah orange off a' tiree with one hand while 
holding a pair of binoculars in the other with which he can see the ski 
lift in operation at Farellones. 

* 

We-have divided Chile into water resource regions, so bounded that 
watershed and .^litical boundaries are coterminous or approximately so. 
A number of regions contain several independent streams; some regions 
only one. All rivers in Chile are relatively short; jjracitically all of 
them flow from the Andes to the Pacific in a relatively straight line. —^ 

Continental Chile consists of twenty-five provinces and several dozen 
N 

rivers, of which thirty-six carry significant quantities of water and, 
with one exception, have a usable record of flows- It is clear that water 
supplies can impose no constraint on the economies of the three archi-
pelagic. provinces of Child, Aysin, and Magallanes. They and their rivers 
have been more or less ignored, although an occasional numerical value 
is assigned to them. Antartic Chile and iiisular Chile have been ignored 
completely. 

What remains i.s eleven water resource regions, of which six are 
• composed of a single province each (Tarapacá, Antofagasta, Átacama, 

Coquimbo, Santiago and Ñuble), two of two provinces (Aconcagua-Valparaiso 
and O'Higgins-Colchagua), one of three provinces (Valdivia, Osorno and 
Llanquihue), one of four provinces (Ourico, Talca, Maule' and Linares), 
and one of five provinces (Concepción, Araúco, BÍo-BÍo, Malleco and 

1/ A few deviate from this pattern, but the deviation is inconsequential. 
For example, the RÍo Loa in Antofagasta. forms a large Ü in the course 
of traversing the northern desert.' In the south a river occasionally 
goes north and south (RÍo Petrphue). 
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Cautín). The similarity to a spinal column of the map of Chile is 
heightened by its vertebral appearance when the provinces are shown 
neatly stacked one on top of another. The three northernmost (Tarapaca, 
Antófagasta, and Atacama) and two southernmost (Ays¿n and Magallanes) 
are relatively large. The remainder are comparatively small--on the 
order of a county in New Mexico or Arizona. 

The eleven water resource regions can be grouped into five larger 
regions, as follows: 
1. "Norte Grande" is the Chilean term applied to the two northernmost 
provinces, Tarapac^ and Antofagaáta. They comprise one of the famous 
desert areas of the world—a region whose aridity is challenged by few 
other deserts. According to local residents, it "never rains." Ac-
cording to official statistics, average annual rainfall at Tocopilla, 
for example, is three millimeters; at Antofagasta eleven millimeters. 
However, years intervene between rainfalls. In the desert are oases 
watered by streams that rise in the Andes. In some instances the oasis 
is man-made and dependent upon aqueducts that carry water for a hundred 
or so kilometers. Aqueducts supply urban and mining communities, not 
irrigation. Farming takes place in the river valleys and accounts for, 
at the very most, about one percent of the land area of the two provinces. 
<Reported irrigated area in 1959 was 11,000 hectares; the provinces 
measure about 90,000 square kilometers). The Province of Tarapacá, which 
borders Perú, has two rivers whose flows have been measured, Lluta and 
Laucs. No usable data were available for the Azapa. 

The other province in the Norte Grande is Antofagasta which in the 
past, was the main locale of Chile's external earnings, less so today. 
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Nitrate and now copper have been the main, sources of Chile's foreign 
exchange; and Antofagasta has been and remains the major source ox both. 
O'Higgins Province, South of Santiago is also a major copper center. In 
the fijture Atacama.may become important. In addition to mining; the 

^ Norte Grande contains two manufacturing cities. Iquique and Arica in 
Tarapacif are centers of Chile's fish meal industry; Arica is the .center 
of automobile and television assembly plants. The proximity of anchoveta 
(a kind of sardine) in the waters of the Humboldt current may have 
dictated the location of the fish, meal industry in Iquique. Location of 
tiie automobile industry in Arica is harder to justify. "No assembler 
would have picked Arica of his own free will, but would obviously have 
picked a spot in or near Santiago — . " Should the economic require-
ments of the industry override the desire to foster the economy of Arica,, 
the industry would probably move south. Under these circumstances a • 
projection of urban activity of Arica is- subject to considerable un-
certainty. Antofagasta has one measurable river, the Loa, which is also 
the longest river in Chile. The open pit copper mine at Chuquicamata. 

, is one of the world's largest. Beneficiation and smelting of copper are 

carried on at several places within the province. 
.2. "Norte Chico" consists of the next two provinces, Atacama and Coquimbo, 
each of. which constitutes a separate water resource region. , In Atacama 
are the rivers Copiaprf and Huasco. In Coquimbo are the rivers Elqui, 

.1,/. Leland L. Johnson, Problems of Industrialization in Chile; Some 
Preliminary Observations. Memorandum RM-4794-AID, December 1965, 
The RAND Corporation, Santa Monica, p. 5, 
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Limarí, and Choapa. Both are transitional provinces between the desert 
of the north and the mediterranean climate of the Central Valley. Both 
are primarily agricultural regions» although there is some mining and 
mineral processing. Atacama is likely to become a major copper producing 
center in the future. The river valleys of the Elqui and Huasco are ^ 
famous for the grapes that go into pisco, a clear-as-water distillation 
of grape juice. Fruits are grown. La Serena's chirimoyas command a 
premium price in Santiago. Far up the narrow valley of the Elqui is 
Che town of Vicufci, where Gabriela Mistral, Chile's Nobel Laureate, 
lived as a child, 
3. The North Central Region; This geographic division contains two 
water resource regions—Aconcagua-Valparaiso and Santiago—that form 
the northern end of the Central Valley. The first region is composed 
of the Rio Aconcagua plus two smaller independent rivers, Petorca and 
Ligua. Santiago province, which is a separate water resource region, 
has approximately the same borders as the watershed of the Rio Maipo. 

In these provinces are the population center of Chile, the commercial, 

financial and intellectual center, the seat of the national government, » 
the site of the 1966 ski Olympics, and one of the most famous summer 

Í 

resorts and casinos of South ibérica. In spite of the major urban con-
centrations around Santiago and Valparaiso-Viiia del Mar, these regions 
are major agricultural centers. The province of Santiago leads all 
provinces in hectareage under irrigation, a fact that explains as well 
as anything the reason for the city's dominance. Agriculture is sur-
prisingly diversified, ranging from fruits and vegetables to wheat, 
barley, corn, rice, feed crops, and pasture. Fruics include oranges, 



9-3 

lemons and tuna (prickly pear)̂  chirimoyas, avocados and olives, as well 
as vineyards and the usual temperate zone orchards. 

Santiago is now a city of about two and half million people. Its 
untreated waste is discharged into the Mapocho, a tributary of the Maipo; 
the Mapocho carrying waste downstream from Santiago, is used for irriga-
tion. 
4. The Central Central Region: This consists of the water resource 
region composed of O'Higgins and Colchagua provinces, the region com-
posed of the four provinces of Curico, Talca, Maule, and Linares, the 
region consisting of the province of ííuble, and the region consisting of 
the five provinces of Concepción, Arauco, BÍo-BÍo, Malleco and Cautín. 
O'Higgins and Colchagua together form the basin of the'Rio Rapel, Curicé-
Talca-Maule-Linares contains the Mataquito and Maule rivers. Nuble has 
one river, the Itata. The Concepción-Cautín has four rivers, the Bío-
Bío, Paicaví, Imperial- and Toltán. Agriculture dominates. In addition, 
there are the major copper producing center at Sewell (in O'Higgins), 
light manufacturing (e.g. matches) in Talca and one or two other smaller 
communities, and the major industrial area--steei, textiles— around 
Concepción. 

The central central zone is the first part of Chile, going from 
north to south, in which the supply of water is great enough to warrant 
the removal of water scarcity from the list of obvious impediments to 
economic growth. We shall see that, viewed wholly in physical terms, 
projected requirements in the central central zone are only a small 
fraction of average annual runoff, but are great enough to create a 
need for some regulation. Water resources in the Concepción-Cautín 
region are largely unexploited, either for agriculture, industry, or 
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hydroelectric power. Irrigation is needed as far south as Cautín. Palm 
trees grow in ConcepciSn (37 degrees south). It Is the hope of the 
Chilean government that Concepción can become a major center of heavy 
industry. Paper mills have been established in this area and others are 
planned. Ihe steel industry is growing. 

5. The South Central Zone: This is the southern end of the central 
valley, a well-watered green landscape, consisting of the provinces of 
Valdivia, Osorno, and Llanquihue, which together comprise the last of 
the eleven water resource regions around which this report is built. 
Quite clearly water is no problem. Agriculture is unirrigated. The 
menace is too much, not too little, water. Present minimum flows are 
far in excess of foreseeable requirements unless dams are needed for 
hydroelectric power. Large power reserves remain untapped. Agriculture 
is mostly grains, forage, and pasture. Here are the lakes of Chile: 
Villarrica, Raneo, Llanquihue, and Todos los Santos, to name only a few. 
Here, also are important timber reserves. What we have named the "south 
central zone", because it is the southern extremity of the central valley, 
is frequently called "Sur Chico." 

Puerto Montt, a seaport on Reloncavi Sound, in the Province of 
Llanquihue, is the mainland contact with the island of Chiloe and the 
archipelagic mainland of Chilol, Aysén, and Magallanes provinces. From 
Puerto Montt southward are the fjords and channels by which one can navi-
gate to the Straits of Magellan without entering the open sea except for 
one brief stretch. 

6. The archipelago, jttie scenic grandeur of Chile's archipelago is un-
surpassed. The growing desolation of the channel islands and the gleam 
of glaciers reaching down to the sea leave one unready for the view of 
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Punta Arenas and the forests and meadows of the surrounding countryside 
that border the Straits of Magellan. Here is the gateway to a region of 
magnificent craggy mountaios, deep lakes and oak forests, and the only 
national park that Chile possesses. Within sight of Punta Arenas, lying 
low on the horizon is Tierra del Fuego, the source of Chile's petroleum 
supply, (Coal is found far to the north, near Concepción, where the steel 
mill is.) The rivers of the Sur Grande (Aysán and Magallanes) may some 
day be used for hydroelectric power. At present, and for the foreseeable 
future, they flow undisturbed to the sea. 
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Chapter II 

THE PROJECTION MODEL 

We assume, in effect, that each region is tv;o points in space to 
which all water supply and activity of that region is assigned, one 
"upstream" and one "downstream". The "water supply" is the quantity of 
surface water that is available, based upon the records of flow. In 
many instances—how much is not known--the movement of underground water 
becomes a part of the surface water record. A considerable quantity of 
ground water, however, never appears in records of surface flow. 

We shall not consider "normal" costs of water treatment and distribu-
tion as part of the "costs of water", since such costs are incurred with-
out reference to the quantity of water available, but rather in response 
to the number of consumers and quality of water tiiat is delivered. Were 
there to be a significant deterioration in the quality of water or, if 
at the extreme, fresh water had to be manufactured out of ocean water 
water treatment costs would be relevant. The possibility of a desalina-
tion plant for Antofagasta was under study, but we shall not incorporate 
desalination or especially high treatment costs in our analysis. In-
stead, we shall assume that industrial and municipal trastes are treated 
to remove biochemical oxygen demanding'substances, and that such treatment 
will enable subsequent users to avoid unusual treatment costs. 

What then will costs of water include? They will consist of (1) 
the costs of regulating surface flov7 to achieve vmatever pattern of flow 
is necessary to satisfy the water requirements of the region, including, 
waste dilution flows to'ássure a designated amount of dissolved oxygen 
in the river after receiving, discharged wastes, subject to the limit 
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imposed by average annual flow as measured by the period of record, plus 
(2) the costs of treating organic domestic and industrial wastes in order 
to reduce the quantity of biochemical substances discharged into a river.-̂  

The "costs of water", then, are a function of the underlying hydro-
logy and the sum of all uses to which the water is put. This makes a 
"cost curve" for water different from a "cost curve" for, say, steel. The 
cost of an ingot of steel is a function of the metallurgical composition, 
production process, rate of production relative to capacity, and price 
per unit of inputs. The use to which the steel is put is not a relevant 
factor in fixing its cost. In the case of water, because of the possi-
bility of reuse, costs for one user can be, but are not necessarily, a 
function of anterior uses to which the water has been put. Certain 
costs, such as those incurred to regulate virgin flow at a designated 
point on the river, can be ascertained independently of the uses to 
which water is put. A "cost of regulation" schedule (or curve) indicates 
the unit costs of successively higher degrees of regulation. One can 
estimate how many "units" of regulation will be "bought" by estimating 
the quantity of water that must flow by a particular point in space at 
a particular point in time. But even a cost of regulation schedule is 
not wholly determinate ex ante, since reservoirs of different sizes and 
different costs can be added in different sequences, so that only one 
arbitrarily selected sequence yields a cost curve for planning pur-
poses. 

Costs of waste treatment,' see below, are based upon estimates pre-
pared for the United States and pertain to usual sewage treatment 
processes. It was assumed that ccfmparable processes would be used 
in Chile. 

_2/ Subject to the statistical uncertainty of the underlying hydrology 
and the additional uncertainty of the costs of certain engineering 
features -- e.g. outlets -- until the use of a dam is established. 
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The cost of maintaining water quality is likewise a part of the 
cost of water with which we are concerned. In any market the "prcduct" 
is defined to include specified quelity characteristics; the saae holds 
true for water. Quality can vary in a number of dimensions: chemical, 
physical, biological. These variations nanifest themselves in the 
capacity of water to serve various duties. Unfortunately., we cannot 
encompass all quality dimensions in our analysis. We shall estimate the 
costs of treating wastes to remove decomposable organic substances and 
the costs of assuring a flew of high quality water to mix with the waste 
effluent after treatment. These estimates are subject to an unknown 
range of error for three reasons: (1) they are taken from computations ' 
made for the United States and reflect the waste-assimilsting capacity 
of rivers in the Central Pacific Region (mostly California); (2) they' 
contain an unknown error factor for the United States; (3) finally, un-
til we know more about quality problems, now and foreseeable, of Chilean 
rivers, we cannot even be sure that dissolved oxygen and the assimilation 
of biodegradable substances are in fact the critical qualitative factors. 
Dissolved solids may turn out to be more important. Unfortunately there 
is no way of incorporating dissolved solids ¿ato our analysis, since 
the requisite data do not exist for Chile nor do they exist in such 
systematic form for the United States that a translation might be possible. 

When we have estimated the costs of regulation and waste treatment 
for a projected pattern of economic activity vre can ascertain three things: 
(1) whether projected water uses are compatible with physical supply, 
assuming "complete" regulation; (2) the ccabination of waste treatment 

1/ Because we can never be sure of the future variability of stream 
flow, it would be more accurate to speak of "very high regulation." 
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and dilution flow that tninitcizes costs -if water; (3) whether marginal 
costs of water vary substantially among regions and, therefore, whether 
this suggests a different regional distribution of v/ater use or different 
assortment of goods and services produced. 

Economists object to a "requirements approach" to the study of any 
economic good or service because such approach typically fails to take 
into account the possibility that implicit technical coefficients are 
subject to change if economic conditions warrant. We have taken cogni-
zance of the possibility of technological improvement by using rates of 
water use for irrigation that reflect aiore economical usage than now 
prevails; but there is still a wide gap between theoretical plant re-
quirements and the figures we have adopted for 1985. We have made no 
special attempt to project improved technologj' of water use for other 
activities. Our projections indicate that certain adjustments will 
inevitably be made in either the rate of water use psr unit of product, 
the geographic distribution of activity, or the composition of the 
national bill of goods, especially as it is divided betwaen water-
related and non-water-related goods. These are, hovrever, conclusions 
derived from the projections rather than assumptions adopted for the 
purpose of making the projections. 

In order to ascertain the relationship between future demands for 
water and its availability, it is necessary to aggregate separate uses. 
The method of aggregation into what we call a "requirement" depends in 
part on assumed policies and objectives of the Chilean econciay. For 

1/ Usage here refers to both gross and net measurements. See ch. VI, 
below, for more detailed discussion. 
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example, we must make an assumption r e g a r d i n g the standard of quality 
that will be adopted for instream water, since- there is no statenient of 
policy to which we can turn. Because we do not possess the information 
needed to route water downstream from point to point, taking into account 
both quantity and quality requirements, the possibilities of instream 
and offstresm multiple use, the natural recuperative powers of the stream 
along with the benefits or damage of stream regulation, and the possi-
bilities of treatment at points of intake and discharge, we must sub-
stitute looser, rule-of-thumb concepts of water "requirements". Our 
main task is to frame the concept of "requirement" in such a way that 
it is parallel to a concept of ability to meet the requirement and what 
it will cost. 

A requirements approach does not ask whether the benefits of invest-
ment in water resources are equal to or more than the costs, even though 
the analysis may yield information that can intuitively he used toward 
that end. Generally speaking, a benefit/cost analysis is feasible for 
marginal decisions, where most of the-elements related to the decision 
are given. Such would be, for e:cataple, the question of whethfer it is 
worthwhile to invest in an irrigation system in a particular valley, 
given the potential output and the expected market. The approach that 
we have adopted starts with a national bill of goods and the quantity of 
fresh water available in the form of measured surface runoff, and con- • 
eludes with a regional pattern of output that is consistent with speci-
fied outlays on water resources. By adopting a number of simplifying 
assumptions we can supply tentative answers, within the limits of the 
assumptions and the quality of the data to the following questions: 
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(1) What are the requirements for water 1£ a reasonable extra-
polation of presently observed trends or presently known 
plan53 are extended to 1985? 

(2) To what extent will shortages of water prevent the consuxa-
maticn of these plans? 

(3) What will be the "critical costs" of supplying the implied 
water requirements? By "critical costs" are meant those 
costs that can be readily avoided by transferring an 
activity from one region to another. 

(4) What modifications in projected activity are likely to have 
a significant effect on required outlays for water? 

(5) lihat modifications in projected activity are likely to be 
induced by rapidly rising marginal costs cf water? 

(6) Eow will the physical and economic limits of supply affect 
the regional distribution of activity? 

The simplifying assumptions that we must adopt are the following: 
(1) Each water resource region is considered to be two points in 

space betvisen which all of the region's activity is divided, 
an upstream point and a downstream point. The upstream point 
consists of all of the region that is so far firom the ocean 
that water discharged from any industrial plant, mine, power 
plant, city, or irrigation project can be used again. The 
dô mstream point is all of the region located so close to the 
sea that all fresh water discharged into a receiving body of 
water is considered to be irrecoverable as fresh water» and 
therefore considered to be lost, just as though it were evapo-
transpired. In mining, thermal power, and manufacturing it 
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is assumed that fresh water can be recirculated within the 
plant. 

(2) The water requirement for a region is considered to be equal 
to the largest of: 
(a) the sum of upstream losses (i.e. consumption by evapo-

ration or transpiration) plus downstream intake, or 
(b) the sura of synchronous intakes at all points that are 

so separated from each other that the water discharged 
by a user at any of these points will not affect the 
supply available to a user at any of these points, or 

(c) the sum of losses plus waste dilution flows. 
The amount of water "required" by any region depends not only upon 

the intake and losses of offstream activity but also upon the uses .to 
which water in the stream is put, and, in a more complete model, on the . 
balancing of intake costs against maintaining instream quality by waste, 
treatment and dilution. Up to now the maintenance of instream quality, 
either to meet instreatn uses or to assars water of adequate quality to. 
successive off-atream users, has received little attention in Chile. 
There has also been little attention directed to the quality of estuarine 
waters. The character of Chile's coast line is such that éstuaries are 
small or non-existent, or are fed by flows that are so great that there 
has been no concern over adverse effects of upstream uses. Chile's, 
concern over pollution has been so weak that there has not only been no 

- y 

thought of providing waste dilution flows after treatment, but its 
capital city, Santiago, does not yet have a waste treatment plant. Under 
these circumstances it appears unlikely that waste dilution requirements 
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will seriously compete ai^ainst other demands for water within the next 

twenty years. 

The Chilean governiaent possesses authority to prevent undue pollution 

by an industrial plant, and presumably will use such authority to compel 

treatment when necessary. However, even high level treatment of organic 

wastes will not remove dissolved solids from water, We have no informa-

tion on what dilution would be necessary to prevent an undesirable build-

up of salinity on the downstream side of a city of five million or so 

people. In the absence of better information we have used a dissolved 

oxygen criterion of water quality, with levels of treatment ranging 

between zero and 90 percent removal of BOD. One measure of water require-

ment that we have used includes the flov; needed, after mixing the treated 

discharged liquor, to maintain dissolved oxygen in the stream at four 

milligrams per liter, or approximacsly fcur parts of oxygen per million 

parts of water. Water meeting this standard normally requires no special 

treatment at points of intake and will support relatively high level 

aquatic life. By adding all loases to the dilution requirement V7e are 

implicitly assuming that the discharge of the river to the sea will be 

at least equal to the ííaste dilution flow. 

The other two measurements of water requirement are designed to 

meet those circumstances where dilution flows are lower than the gross 

requirement at any single point or lower than the gross requirement at 

a group of independent points so situated that users at these points can-

not utilize the water discharged by other users whose intake we are count-

ing, or, in the limiting case, xihere no dilution flows are specified be-

cause no explicit account is taken of water quality. 

In formulating these measures of requirement we take into account 
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the following uses: agriculture, manufacturing, mining^ thejjrmal power, 

and general municipal uses - domestic, commercial, civic and light manu- , 

factoring. We ignore possible instream usas such as fishing, wcter-bassd 

recreation, and hydroelectric power. ' 

If 'we retain a waste dilution flow in our measure of "requirement" 

we implicitly provide for some recreational (including fishing) uses and 

some power prcductioa.. We have ignored hydroelectric power as a compo-

nent of the "requirement" because, except for Repel, the installations 

are upstream and, up to now at least, have been administered in such a 

way as to conflict as little as possible with other uses. It is quite 

possible that' conflicts will increase-,, especially as relatively more 

power is produced from regulated flows and less from upstream i?un-of-

the-rlver plants. The extent of these conflicts cannot be ascertained 

without information on the location of activities within a water 

resource region and information on the functioning of an electric grid 

system. By ignoring hydroelectric power we fail to account for those 

possibilities in which revenues can be earned to offset in whole or part 

the costs of regulation. We shall see that in terms of major decisions 

regarding v/ater resources this omission is not critical, 

If all users of water, including municipal systems and irrigation 

projects, captured and reused all water that was not evaporatedi trans-. > 

pired, or incorporated in the prodüct, intake would be equal to what.we 

1/ By ignoring nydroelectric power we may understate total expenditure 
on reservoir capacity. Up to now most hydro plants have been run 
of the river; the picture for the future is expected to change. 
See Chapter VII. 
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call "loss"We have assumed that nines and thermal pother plants re-
circulate all fresh water intake; whether these activities are located 

upstream or downsfream we consider their requirement to be tseasfred by 

"loss". Manufacturing activities - steel mills, oil refineries> pulp 

and paper plant's, and so forth, could, and in some cases do, recirculate 

their fresh water. In this event intake is equal to loss. Where no re-

circulation is practiced and the point of use is downstream, the required 

flow of the downstream point of use is equal to downstream intake plus 

upstream loss. Such a cojsputation may be equal to, more than, or less 

than required flow as measured by losses plus waste dilution. 

Another option in computing required flow based on a dilution re-

quirement would be to assume that downstream losses could be met out of 

i-he dilution flow. In this case the flow requirement would be equal to 

upstream losses (not total losses) plus waste dilution flows, provided 

waste dilution flows exceeded downstream intake. In quantitative terms 

a requirement stated in this way viill not be greatly different in most 

regions from a requirement expressed as total losses plus waste dilution. 

There is no need to know the intraregional location of activity in 

or tier to compute total losses, so long as "lorses" are limited to evapo-

transpiration, incorporation in the product, and usual losses due to 

inefficiency, etc. in irrigation projects. However, when we distinguish 

between "upstream" and ''downecream" points of discharge we must fix the 

geographical position of each activity to correspond to these points. In 

the case of municipal use the division was made by eKtrapolating the trend 

of population. Manufacturing activities in the major water using indus-

tries, other than food, are so easily located that a reasonably exact 

1/ Agricultural losses also include water that soaks into the ground and, 
for one reason or another, cannot be recovered. In another context, 
we also classify as "loss" all waters discharged into salty or brackish 
bodies of water. 
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distribution could be made. Tor food, the dlstrIbu'cicxi of activity was 

cased on the distribution of population. (Sae Table XI-1). 

Mining and steam electric power were not infca-regipnally distribu-

ted because: 

(1) Losses are relative low. 

(2) Recirculation is relatively easy if vater supplies are scarce. 

(3) Salt water can be used for coolir.g if recirculating equipnient 

is too expensive. 

Kence, requirements,for thasa activities are measured by evapd-

transpiration losses, whether located upstream or dowr.stream, Further-

nore, they do not suffer pollution by organic, degradable substanccs 

for which a dilution flow is specified. Where pollution is a problem, 

such as disposition of acid wastes, the waste-carrying water is usually 

lagooned, and the water requirsmeiit appears as evaporation loss, (in 

which case intake is equal to loss). 

There was no efisy way to divide agricultural rsquirements between 

"upstream" and "downstream" except by ueing the 1955 Census of Agriculture, 

which gave the irrigated area of local units of government known as 

comunas. Coaunas were designated as upstream or downetream by the tech-

nique known as al ollmetro with the use of a map.—'' The 1955 distribu-

tion was adsumed to persist to 1985, In the basic model agricultural 

requirements were considered to be equal to "net use" upstrearo plus 

"gross use" downstreac. The distribution of irrigated area between 

upotream and dowastream points is given in Table H-2. 

1/ Translated as "eyeballing". 
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Table ll-l 
ASSUMED DISTRIBUTION OF MANUFACTURIUG AND URBAN POPULATION 

BSTVJEEN DCWNSXEEAIi AÍD UFSTSEAT-i POINTS OF WATER U£E 

All Manufacturing, except Percentage Distribution of Urban 
Food and Beverages Populatlor;. and Food and Bevere-ges 

Coastal Ittland Coastal Inland 

Tarapaca X 88 12 
Antofagasta X 58 42 
Atacama X 14 86 
Coqui.mbo X 50 50 
Aconcagua X 3 97 
Valparaiso X 70 30 
Santiago X 2 98 
O'Higglns X 0 100 
Colchagua X 4 96 
Curicó X 1 99 
Talca X 0 100 
Maule X 30 70 
Linares X 0 100 
fuble X 1 99 
Concepción X 94 6 
Arauco X 39 61 
BÍo-Bifo X n 100 
MalleCO X 0 100 
Cautín X 2 98 
Valdivia X 58 42 
Osorno X 0 100 
Llanquihue X 70 30 
Chiloe X 85 15 
Ays en X 100 0 
Magallanes X ICO 0 
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Table II-2 

PESCEKTAGE.DISTRIBUTION OF IRRIGATED AREA 

BSTL-TEEN UPSTREA1-! & DOVÍNSTREAM POINTS 

Downs tr esa Ui?stream 

Tarapac^ 50 50 
Aiito fagas ta 0 100 
Atacami 12 88 
Coquimbo 19 81 
Aconcagua 14 86 
Valparaíso 10 SO 
Aconcagua-Valparaíso 12 88 
Santiago 2 , 98 
O'Klggins 0 100 
Colchagua 1 99 
0'Higgin.s-Colchagua 0.5 99.5 
Curico 3 97 
Talca i 99 
Maule 100 . 0 
Linares • 0 100 
Curico-Linares 6 ••94 
Ifuble 0 iOO 
Concepcion 3 97 
Arauco 100 0 
Bio-BÍo 0 100 
Malleco 0 100 
Cautín-, 0 100 
Concepcion-Cautín 4 96 

i./ Source; Eased on distribution of irrigated area by comuna 
according to 1955 Census of Asriculture. 
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The need for defining "wa!:er requireoients" in several alternative 

ways is brought on by the absence of well defined trends o:: policies, 
1/ 

especially with respect to water quality and in-streaoi uses.—' There 

is no information on the quality of estuarine and inland fisheries. 

Furthermore, it is impossible to ascertain whether Che lack of data is 

a reflection of the fact that fisheries s.re in no danger, that deteriora-

tion in the foreseeable future has been brought to no one's attention, 

that deterioration is accepted with equanimity, or that it has been 

determined that the cost of preventing deterioration is greater than 

the benefits. There is some evidence that water supplies are being 

polluted by the discharge ox untreated sewage. One is warned not to 

eat raw vegetables; the supermarkets feature strawberries with a cachet 

on the box indicating they are groxm where the irrigation water is safe. 

These conments do aot apply, of course, to water treatment plants which 2/ 

are being constructed to serve most of C h i l e u r b a n population," 

Projections of Population and Gross Hational Product 

Projected water use depends upon the output of water related goods 

and services. We estimated future outputs by assuming that production 

vrould be deteaiined by the change in demand, aodified by an assumed change 

in imports or exports, and that changes in demand would be determined by 

1/ Ko account has been taken of possible increases in water losses 
attributable to soil conservation practices and reforestation. 

2/• It has been alleged that infiltration of ground water pollutes 
water supply systems during periods of low pressure. The author 
was .not .able to verify or disprove the allegation. 
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changes in the size and Income of the population. Changes in income were 

assumed to be measured by changas J.n gi'oss national product. 

We adopted two rates c£ annual growth of gross rtational product. 

The lower rate, 3.75 percent, > is the average rate experienced during 

the period 1940-1963. The higher rate, 5,5 percent, is the rate around 

which current governneiit planning is built. Projected demands for agri-

culture and manufacturing products were dependent upon the growth of GNP. 

Mining was projected at two levels, but independently of changes in 

population and income. (The output of most Chilean mineral products is 

not significantly affected by Chilean domestic demand. We did not 

examine the effect of mineral production on GN?). Steam-electric power 

was projected on the basis of the plans of ENDESA.-^ (The projected main 

source of power is hydroelectricity; thermal plants are expected to iceet 

a relatively small portion of future demand). 

For population growth, the rate that was adopted for elaboration of 
2/ 

'the models in detail was 2.43 pér cent,— This correcponds to a tniddle 

rate, Supnary comparisons were made using a low rats of ,2.2 percent and 

a high of 2.6 percent. 

Urban population was e'stimatcd for 19S5 by extending Sadie's per-

centages, on the assumption that the percentage decline in rural population 

It The Chilean national electric power corporation. 

2/ Estimated by Catholic University, Santiago. This figure coincides 
closely with an extension'to 1985 of an éstimate prepared by Professor 
Sadie, using cohort survival rates. (Poblacfon v Mano de Obra de 
Chile, 1930-1975, Johannes I.. Sadie, Centro Latinoamericano de 
Demografía (CELADE) Santiago, >1964. 
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would be the same for the decade 1975-85 as was projected for the five-

year period 1970-75, namely 9 percert. This gave an urban population for 

1965 equal to 73 percent of total. vJith the control totals of i3,902/«.00 

for total and 10,843,900 for urban W-J distributed total and urban popula-

tion among the provinces on the basis of the historical psrceritaga 

(1940, 1952 and 1960) each provirxce's population bore to the national 

total. The general rule followed v7as to add to or subtract from the 1960 

percentage one-half of the change that occurred in the province's percent 

of total population between 1940 and 1960. In this v;ay a trend, but 

danpeaed substantially, was followed. In several instances either the 

past figures seemed implausible or the results seemed unreasonable for 

the future and were modified intuitively. The final results were recon-

ciled to 100 percent.-^/ 

The medium rate of population growth, 2.43 percent, and the high 

rate of C-HP growth, 5.5 percent, were the rates for which models were 

elaborated in greatest detail. In somewhat lesser detail projections 

were made using the medium rate of population growth and lower rate of 

growth of GNP. Projections using the lower rate of GNP growth are labeled 

"A" and those using the higher rate "B". '"Medium A" i-efers to the combina-

tion of 2.43 percent for population and 3.75 percent for GNP. "Medium B" 

The estimates of municipal water use that were incorporated into our 
measure of requirements were based upon a slightly different dis-
tribution and larger size of urban population in comparison V7ith the 
figures indicated in Table II-4, The resulting over-statement is 
on the order of ten percent for the country as a whole and 20 percent 
for the proirince of Santiago. A reduction of municipal loss by 20 
percent would reduce total losses in Santiago province by eight-
tenths of one percent. 
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Table II-3 

BROJECTIOKS OF GROSS NATlÜ!í¿L PROQUC'I AK'O PGPUIATIOM 

GROSS KxMIONAL PRODUCT 

Mil. (1960) 

AC3.75TO B(5.5%) 

1963 4,645 
1965 4,998 
1985 10,436 14,579 

POPULATION 

(thousands) 

Total Urban . 

1965 8,601 5,028 

1985 

Low (2.2%) 13,239 10^365 

Medium (2.43%) 13,902 10,844 

High (2.6%) 14,372 11,210 
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Table II-4 

PROJECTED POPULATION, MEDIUM GROWTH PATF,» 19C5 (THOíJSálínS) 

^otal lh;i>an. Rural 

Tarapacd 236.3 221..7 8.6 
Aütofagasta 458.0 444.6 14.2 
Atacaaia 208.5 1-34.3 24.2 
Coquimbc 542.2 347.0 Í95.2 
Aconcagua 236,3 173.5 62.8 
Valparaiso 1,167.8 1,-351.9 115.9 
Saatiago 4,991.0 4,912,3 73.7 
O'Higgins 458.8 292.8 166.0 
Colchagua 273.0 108.4 169.6 
Curico 180.7 97.5 83.1 
Talca 375.4 195.2 180.2 
Maule 139.0 65,1 73,9 
Linares 292,0 130.1 161.9 
Hub le 486.6 238.6 248.0 
Concepción 1,070.5 976.0 94.5 
Arauco 166.8 65.1 101.7 
Bío-Bío 305.9 141.0 164.9 
Malleco 292.0 151.8 140.2 
Cautín 625.6 261,9 343.7 
Valdivia 472.7 249.4 223.3 
Oaorno 278,0 141,0 137,0 
Llanquihue 319.8 162.7 157.1 
Child 111.2 43.4 67,8 
Aysén 83,4 43.2 40.2 
Magallanes 125.1 119,3 5.8 

Grand Total 13,902.4 10,843.9 3,058.5 
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Table II-5 

COMPARISON OF ALTHRFATI'73 VALUES FOR POFULATXON, GROSS KAIIOIIM 

PRODUCT, A m SELECTED iKDUSTRIES IH 1985 

SASED CH AI;TERi?ATIVE RflTES 0? GROWTH 

Index Number (Medium E 100) 

"A" l .g . I 

Low MSá.:. Mi&h Low, Med_.. 

Gross National Product 72 72 72 ICO 100 100 
Population 96 ICQ 103 96 100 ' 103 
Kauufacturing: 

Food 74 77 80 97 100 104 
Pulp & Paper 58 62 63 96 100 104 
Petroleum Refining 55 57 59 9h 100 102 
Steel 63 67 68 96 100 104 

Agriculture 82 86 89 96 100 104 



II - 2342 

rsfers to the growth rates of 2.43 percent and 5,5 percent for populaticn 

ead GNP, respectively. The combination of a low population growth rate 

with each of the tvio GK? growth rates are designated "Low A'' and "Low B", 

raapectiv-sly. Similarly, wa have "Ĥ .̂gh A" and "High 3". 

The effects of the various oorcbinations of population and GK? growth 

rates have been suumarized in the form of index numbers resting on Medium 

B as equal to 100. Indexes cf canufacturir-g and agricultural demand 

incorporate an income elasticity coefficient. 

A Preview of the Results 

If the water supplies of the country as a whole are compared with 

projected water requirements -- both measured as a specified regulated 

flow -- there is no foreseeable shortage. There is no foreseeable short-

age even If we compare only the aggregate requirements and supplies cf 

the provinces north of archipsiagic Chile, even though these requirements 

amount to 99.7X of the national total (in 1935) and these supplies 

(average flow) account for only 40% of the national total. Projected 

requirements (1985, Medium B), for all provinces for I-la::quihue to the 

northern boundary range between 31 and 34 billion cubic meters per year, 

dependir-g upon the alternative usee to measure requirements, whereas 

average flow for the ssme region is about 176 billion cubic meters 

annually. (Average flow of the three provinces south of Llanquihue amount 

to about 269,000 million cubic meters while projected requirements for 

1985 range betvjeen 46 and 103 TQüL 1. L xon cubic meters,) 

Svapo-tranapiration losses constitute the main projected requirement; 

and of these losses 98.5% consist of agricultural (irrigation) uses. 

Municipal losses account for 1% and mining, manufacturing, and steam-
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electric power together account for tlie retaaining one half of one percent. 
Relatively large changes in non-agvicvltural uses of water will hav2 rela-
tively small effects cr. the total water picture, although locsl conaitiou?; 
ssper:ially in the north, will ba affected by changes in non-cgriculturel 
use. 

Taking che country from the province of Caut-Cn. to the northern 
boundary, there is co-Bparativaly little difference aactig the requirements 
for water when measured by the several alternatives that have been used. 
The lowest amount, 30.4 billion M^ per year, covers evaporation-trans-
piration losses only. The highest amount, 34.1 billion M'̂  per ĵ ear covers 
evaporation and transpiration losses and provides for waste dilution of 
effluent after removing 907.. of degradable organic material by treatment. 
Dilution is computed to yield four milligrams per liter of dissolved 
oxygen in the stream after the waste effluent mixes xiith the high quality 
dilution water. 

Annual requirements according to the various measurements used are 
es follows (Cautín to the north); 

billions M^/vr. 
Evaporation-transpiration lo9£':s 30.4 
Case X: evaporation-transpiration losses plus 

downstreasi municipal & agricultural intake 31.3 
Case Xli Case I plus mining intake instead of 

evaporation loss 31.6 
Case III: evaporation.-transpir.y;::,on losses 

upstream; all intakes downstream 32.7 
Evaporation-transpiration losses plus waste 

dilution to yield 4 mg/l dissolved oxygen 
in the stream after S0% removal of organic 
wastes .y 34,1 

1/ Only wastes discharged upetreem are assumed to require dilution. 
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If water quality should become a major consideration and if treatment 
should fall short of 90% removal of biochemical oxygen demanding sub-
stances, water requirements for the same region (Cautín to the north) 
could rise substantially. At zero treatment, total required flows would 
be 61.7 billion M^ per year to assure 4 mg/1 of dissolved oxygen. With 
primary treatment (35% removal of BOD), required flows would be 50.8 
billion M^ per year. Estimated required flows, therefore,.are apparently 
more responsive to decisions regarding water quality and waste treatment 
than to decisions regarding recirculation at the lower end of river 
basins. 

When we sharpen the focus of our analysis to the northern half of 
the country, (the province of Santiago and all others to the north), the 
picture changes. Instead of a projected adequacy of supply with con-
siderable room to spare the results of our calculations indicate serious 
shortage. Using Case I requirements (i.e. downstream municipal and 
agricultural intake plus evaporation-transpiration losses from all other 
uses), our estimates indicate a required annual flow of 8.8 billion cubic 
meters but an average available flow of 6.2 billion cubic meters. This 
means that if regulation were carried to the maximum possible degree 
supply would fall short of requirements by 30%. 

The disparity between required flow and available flows is greater 
with the lesser degrees of recirculation implied by Cases II and III and 
with the need for maintaining a flow of high quality dilution water over 
and above projected evapo-transpiration losses. If the costs of,regulating 
flow are taken into account by fixing an upper limit on expenditure per 
unit of regulated flow, the disparity increases even more. 

It is reasonable to assume that any restriction on water supply will 
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be felt first in agriculture. For 1985, application of water per hectare 
of land was assumed to reflect an improvement over present rates of water 
use to a degree that further economies in water use xíould be beyond normal 
expectation. For this reason, restrictions on water supply are likely to 
mean a corresponding, more or less, restriction on irrigated hectareage. 
Estimated irrigable land In the country including and to the north of the 
province of Santiago is about 566,000 hectares. If all available water, 
fully regulated, were used for irrigation, about 403,000 hectares could 
be cultivated. If non-agricultural uses were first met in full, this 
area would shrink to 373,000 hectares, (both estimates based on Case I.) 
A comparison of projected total agricultural output, taking the restric-
tions imposed by water into account, with projected agricultural require-
ments as based upon growth in population, dietary needs, and envisaged 
restriction of imports to a level corresponding with precent experience, 
indicates a required increase in output per hectare by somewhat more than 
two times. Such improvement seems feasible. The question is whether the 
necessary steps will be taken to bring it about. 

There is little ground for fear that projected non-agricultural vjater 
needs cannot be met, provided reasonable steps are taken to regulate 
stream flow and recirculate water used for mining, power, and manufactur-
ing purposes. 

Stream regulation, based upon surface storage, involves a capital 
cost, but estimated future coots dc not appear to be unreasonably high 
unless regulation is carried to its theoretical physical limit. If the 
annual cost per million cubic meters per year of flow assured 85% of the 
time is equal to 8900 escudos in the province of Santiago (at 1964 prices. 
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which ia equal to $3.42 per acre-fopt at the 1964 official rate of 

exchange)^and less elsewhere by varying amounts, and if all non-agricul-

tural needs are met before allocating water to agriculture, irrigatJid 

hectareage in the northern,provinces would be about 311,500 hectares^ 

Total annual costs of regulation would be about 37.5 million escudos. 

If non-agricultural- uses were met by regulation of flow beyor-d the con-

straint of 8900 escudos per year per million cubic meters, but egricul-

ture was bound by this limit, irrigated hectareage would bs about. 343,000 

hectares, and total annual costs would be about 47.2 taillion escudos. 

The expansion of irrigated hectareage from 311,500 ,to 344,000 in 

the northern provinces, (no problem is encountered in the provinces south 

of Santiago since all projected requirements can be met at relatiyely low 

marginal costs of regulated flow), would cost approximately 10 million,. 

escudos per year. In comparison with prices that currently prevail in 

Santiago, of agricultural products as well as water, cuch extension of 

reg-ulation seems unwarranted as of 1S85. The marginal cost of. water by , 

such extension would be about 333 escudos per hectare per year <which 

translates to about $100 at 1964 exchange rates, or $45.45 per acre), or 

almost 14 escudos per inetric quintal of wheat (or wheat equivalent) for 

water alone, compared with a 1964 wholesale, price,, of wheat of about 21 

escudos. 

•Cumulated capital costs of regulating stream flow up to the full 

capacity of the stream or the level cf projected 1935 demand, whichever 

is lower, is estiaiáted to be E^ 1^0 billion (1964 prices) for the country 

a.S' a whole. The equivalent annual, cost would, be E*̂  84.0 million. A 

marginal cost constraint, where agricultural needs are met only after 
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non-agricultural, would reduce capital costs by about E° 569 million, or 

fifty-six percent. Putting it in reverse, the cost of going to the full 

physical limit, since it would only maan additional agriculture, would 

represent a very high cost per additional unit of crop (about E° 31 per 

metric quintal of wheat equivalent). 

The investigation turned up several side issues that were briefly 

explored. One dealt with the past experience of the Chilean government 

in financing irrigation projects. Whether Chile's experience with project 

selection is worse or better than the experience of other governments 

cannot be ascertained without more detailed comparisons. What is rather 

clear, however, is that the financial arrangements contemplated by law 

have been eroded by inflation. Another side issue, but central to the 

question of Chilean economic planning and progress, is the implied in-

crease in productivity per hectare that is consistent with available land 

and water and Chilean agricultural output goals. The conclusion that out-

put per hectare will have to more than double between now and 1985 is the 

signal for a specific technological effort, especially in light of the 

balance of payments difficulties experienced during the last few years. 

What constitutes the optimum agricultural policy, expressed in terms of 

domestic production, exports, and imports, had not been formulated at 

the time of this writing. An inter-rsgional agricultural model would 

constitute a major contribution to Chile's water resource plamiirg tools. 

Moving from the regulation o£ flow to meet evapo-transpiration needs 

to the question of water quality, three considerations must be taken into 

account: (1) the quality standard, (2) the level of waste treatment, and 

(3) the quantity of high quality water that is mixed with the effluent of 
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waste treatment plants. These three factors must be appropriately re- • 

latéd to each other. For example, a low level of treatment and a large 

dilution flow can serve to yield a designated in-stream quality equally' 

with a higher level of treat.nent and smaller dilution flow. Given cost . ' 

functions for regulation of flow and degrees of waste treatment there 

is l ika ly to be a corobination of V7£ste treatment and dilution flow that 

minimizes totál cost in each baáin for a designated quality standard. 

In a given basin, the ranga of possibilities may be limited by the avail-

able water supply; where supply is small the level of treatment may have 

to be high in order to achieve a designated quality with a designated 

output of v7aste-producing goods and services. ' • 

Although there is a deficiency of information regarding the incidence 

of pollution, the costs of its abatement, and the relationships between; 

levels of treatment and required dilution flows, estimates were made with 

thé assistance of U.S. coefficients. Annual costs of treatment were 

estimated at 42,6 million escudos. The additional flows needed for 

dilution were assumed to be used dovmstream fór irrigation, in which 

case the dilution flows could irrigate about 25,000 additional hectares 

rathér than go unused into thé sea. The additional cost of stream regula-

tion, beyond the costs of Case I, márginal cost constraint, agriculture 

in a residuary position, was estimated'at E^ 15,5 million annually. 

Total annual costs of quality maintenance, based on an instrearn quality, 

standard of 4 mg/l of dissolved oxygen was, therefore, about E°58.1 

escudos. If collection coSts of municipal systems are also taken into 

account, costs of treatment, collection, and additional flow amounted 

to E'̂ 74.5 million escudos annually for the country as a vzhole. The 
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estimated costs of maintaining quality -- treatment, municipal collection, 

and additional flow to provide dilution -- came to about twice the costs 

of flow regulation within the limits of a marginal cost ccristraint, 

agriculture residuary. Of the quality-maintenance outlays, the annual 

costs of collection, some E° 16 million per year, cannot be sidestepped 

without serious health consequences< The remaining E° 58 million can be 

avoided in whole or in part by accepting a lover average in-stream 

quality standard or by relocating people and activity from regions in 

which water supplies must be treated highly and regulated at high marginal 

cost to regions in which natural ralnimum flovs are so great that quality 

can be maintained with low level treatment and little or no additional 

flow regulation. 

How do projected outlays compare with recent rates of investment for 

capital goods. In 1964, at 1961 prices, gross fixed investmsiat at market 

prices was 75 million e s c u d o s , A t 1964 prices this vrould be about 

E° 1,785 million. If streams are regulated in accordance with the marginal 

coat constraint, agriculture residuary, costs were estimated at 37.5 

million (1964 prices). If, in addition, stream quality of 4 mg/1 of dis-

solved oxygen were tc be assured, total annual coGts would be about 

E® 112.0 million, or about 67. of the 1964 level of investment. However, 

since estimated annual costs are for the level of investment required for 

assumed conditions of 1985, the required outlays for water should be com-

pared with expected 1985 investment. If gross investment grows at the 

l! ECLA, Statistical Bulletin for Latin j^erica. Vol. Ill, No. 1, 
February 1966. Prices rose about 2.4 times between 1961 and the 
middle of 1964, based upon an unofficial consumer price index. The 
consumer price index and the wholesale price index tended to move 
together. 
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same rate as "Medium B" projections of GOT — i.é. 5.5% per year --by 

1985 annual gross investment at constant prices should be three times 

the level obtained in 1964, or about E® 5.4 billion. Annual capital 

cost equivalents for water resource development would then amount to 

roughly 27o of the gross investment budget. These costs exclude municipal 

treatment and delivery costs as well as long distance supply lines, 

manufacturing intake costs, to-the-farm and on-the-farm delivery costs, 

and the like, which would be incurred in any case. In the absence of an 

investment model, one cannot draw a firm conclusion regarding the overall 

burden that investment in water resources vjould impose. "Jhere is no 

reason, however, for assuming that it would be intolerably high. 
1 / 

Unfinished Business;— 

The foregoing summary leaves untouched several important questions. 

The need for an inter-regional agricultural production model has already 

been mentioned, Amcng other topics inadequately treated in this study 

are the supply of and disposition of ground water, storage requirements 

for hydroelectric power and additional evaporation losses, possible 

effects of nuclear power production, possible effects of desalination of 

sea water or inland brackish waters, legai-economic-institutional changes, 

urban capital costs for local treatment and distribution, costs of inter-

basin transfers of water, a host of financial questions such as the 

appropriate interest rate for tha coa:putai;ion of costs and benefits^ 

incidence of costs, benefit-cost coa-.parisons, and the merits of expendi-

ture on water resource projects compared with other activities. 

This section is based largely on comments made by Adolfo Dorfmán, 
Chief, Natural Resources fit Energy Programme,' Economic Commission 
for Latin America, and Blair Bower, Research Associatej. Resources 
for the Future. 
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Ground water cannot be systematically incorporated into a study of 

water resource development until more Is known of its occurrence and be-

havior, We have assumed that surface water measuretaents include the 

contribution made by ground water, an assuaiption that is reasonable for 

relatively large basins but not necessarily valid for small. By failing 

to go beyond this assumption v/e neglected the possibility of storing water 

in aquifers as an alternatl V6 to S urface storage; we also ignored the 

possiDility of withdrawing ground water in excess of the rate of recharge. 

Should ground water storage prove feasible, evaporation losses would be 

less than we assumed. Should mining cf ground water be a possibility in 

various basins of the north, the near-term disparity between projected 

requirements and supplies would be less. The use of ground storage in 

lieu of surface storage might affect estimated costs of regulating flow. 

Also ignored was the possibility of constructing artificial underground 

reservoirs by use of nuclear explosives. 

Although at this date the economic feasibility of large scale inter-

basin transfers appears low, there is little information on which to base 

a firm conclusion. There is also little information on other methods of 

augmenting supply. At the time of writing the feasibility of using nuclear 

energy for production of power and desalination of sea-water was under 

study by the Chilean government electric power corporation, EfíDESA. When 

data have been acquired regarding costs of desalted water (which at present 

are likely to be comparatively high), the possibility of releasing water 

to agriculture from non-agricultural uses, and the future place of agricul-

ture of the northern provinces in the national picture, the place of 

desalination will be better understood. At the moment there is no reason 
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to expect a substantial augmentation of supt»lies from this source, but 

since technology may change'materially in the near future, one can hardly-

reach a dogmatic conclusion. It is likely that'ENDESA and other Chilean' 

entities will continue their studies of possible applications of nuclear , 

energy even if no power or desalination plailts ate constructed in'the . 

immediate future.' . " 

A number of interesting and broad topics related to national water 

resource planning demand the ettention of experts in écoriomic, legal, . 

political and social spheres. Chile's metamorphosis from a rural to 

urban economy will induce' changes in land tenure, lavs regarding water . 

rights, and intensive competition for capital; Each of these changes 

will affect econcmic feasibility considerations, as well ais the physical • 

characteristics of the supply of and demand for water. To some extent . 

these changos were taken into account in the assumptions used for making 

the projections of water demand and supply, but a number of things wete 

left unsaid, "For example, irrigation coefficients resting upon an im-

plicitly assumed higher level of efficiency in x̂ ater use may not materialize 

unless the conditions of ownership and use of water are changed, funds are 

available to landowners for necessary capital improvements, arid alterna-

tive techniques for raising agricultural-output are fully exploited within 

economic limits. Questions relating to the implicit or explicit pricing 

of water and the ease with which water can be transferred from one use or 

user to another Will have to be settled. Furthermore, the benefits that 

flow from the marginal dollar spent on water resource projects relative 

to the benefits of the marginal dollar spent elsewhere cannot be ascertained 

by a study of water resources only, or, in view of the special problems 

of the Chilean capital market growing out of inflation, controlled interest 
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rates, and the rationing of capital by the banking system^ by study of 

the flow of investment funds in response to market processes, 

Chilean and United Nation experts are aware of these untouched topics 

and steps have bean taken to fill some of the gaps. It would be pre-

sumptuous to second guess the outcome of investigations now underway or 

to anticipate what policy recoasnsndations might emerge. 





Chapter III 

AGRICULTURE: A GENERAL SURVEY 

In order to appreciate the most vextng aspects of Chile's water 
resource use we must understand the problems of Chilean agriculture. 
The "problems" of Chilean agriculture stem from the fact that agricul-
tural output has been stagnant over more than a decade. Total agricul-
tural output, including forestry, amounted to 450 million escudos in 
1950 at 1961 prices; output in 1962 was 448 million escudos.-̂  

The failure of agricultural output to grow would not be prima facie 
evidence of economic distress were it not that Chile has had, and still 
has, an adequate average diet, a high rate of population growth, a rela-
tively high income elasticity of demand for food, and a serious balance 
of payments problem. The lag in productivity of the agricultural sector 
has probably contributed to Chile's inflation and the low rate of growth 
of the economy as a whole. 

Table III-l shows the disproportionate rates of change in gross 
product, agricultural output, and population. Even in 1959, when gross 
agricultural output amounted to 536 million escudos (1961 prices), 
output per capita was below the level of 1950. The growth in per capita 
gross product and,, by implication, in per capita income, coupled with 
growth in population, has contributed to a rising demand for food and 
fibers that has been met by an increase in imports to a much greater 
degree than by more domestic production. The strain that this has im-
posed on the Chilean economy is indicated by Chile's balance of payments. 

\J Boletfn Estadístico de America Latina, Vol. I, No. 1. Comisión 
Económica para America Latina, Maciones Unidas, 1964, p. 44. 
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Table III-l 

SELECTED ECONOMIC INDICATORS, CHILE, 1950 - 1962 

(Money values in millions of 1961 escudos) 

Percent Percent 
change change 

1950 1959 1962 1950-59 1950-62 

Agriculture and Forestry 450 536 448 +19.1 - 0.4 

Gross domestic product 3,753 4,932 5,680 + 31.4 + 51.3 

Population (lOOO's) 6,073 7,465 7,987 + 22.9 + 31.5 

Source; Boletín Estadístico de America Latina. Vol. I., No. 1, 
pp. 17, 44, 45. 
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Between 1950 and 1963, total exports grew by 16 percent, but total im-
ports grew by 219 percent. Of imports, non-durable consumer goods 
constituted 10 percent in 1950 and 16 percent ip 1963, and rose, in 
real terms, by 245 percent over the period 1,950-1963. In 1950, total 
e?£ports exceeded imports by ys$ 113.2 million; in 1963 imports exceeded 
exports by $95 million.-^ 

There are differences in the rates of growth of sub-classes of 
agricultural output. Production of livestock has been the most notorious 
example of agricultural stagnation. Output of crops grew at an annual 
rate of 4.9 percent during the period 1950-1959 whereas output of live-

2/ 
stock grew at an annual rate of 0.5 percent during the same period.—' In 
1959-60 the output of meat, milk, and wool amounted to 226 million esducos 
out of total agricultural output of 593 million escudos. 

Studies that have been made of Chilean agriculture attribute the 
low rate of grox̂ th to many different causes, some of which explain not 
only a low rate of growth but a low level of productivity per unit of 
input as well. The evidence that supports various explanations is likely 
to be somewhat impressionistiĉ  since systematic measurements of land and 
water use, complementary inputs, and yields,, all. related to each.other, 

1/ In current dollars, Boletifn. Vol., II, No,. 1, pp. 2,00 and 202. Vplume 
11, No. 2, however, received after the above was written, shows an 
export balance for 1964 of $17 million dollars. 

2/ La Economic, de Chile en.-el Perî odo 1950-1963, Instituto de Economía. 
Universidad de Chile, Santiago, 1963, p. 25. 
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have not yet been made. It is just as easy to demonstrate low outputs 
per unit of labor and per unit of capital as it is to show low outputs 
per hectare. Inadequate use of fertilizers, herbicides, insecticides, 
high quality seeds, and failure to employ proper genetic practices are 
deficiencies frequently cited. There is little doubt that unskilled labor 
is in oversupply and skilled labor capable of using, maintaining, and 
repairing farm machinery is in low supply. 

Two proposed explanations are contradictory. One is that discrimi-
natory price controls keep prices of milk, meat, and wheat disproportion-
ately low in the face of persistent and severe inflation, thereby dis-
couraging investment. Another is that the high concentration of owner-
ship of land is coupled with a relatively weak desire to maximize income. 
Lack of credit; lack of research and extension facilities; lack of 
personnel with adequate technical education; lack of marketing, trans-
portation, and storage facilities help explain the backward state of 
agriculture. So far as water resources problems are concerned these 
explanations ultimately focus on two parameters: the amount of land under 
irrigation and the amount of water required per unit of land. 

A study of Chilean water resources planning can, perhaps, be begun 
with the year 1952. In December of that year appeared the IBBID-FAO 

1/ mission report entitled The Agricultural Economy of Chile." The mission 

1/ The mission coufvisted of Egbert de Vries, Chief; Paul F. Craig-
Martin, Agriculture Economist; Grace W. Finne, Transport Economist; 
Paul H. Hohl, Agricultural Engineer; and W. Norman McLeod, Civil 
Engineer. The mission acknowledged the assistance of Dr. B.I. Kotok 
and other unnamed FAO technicians, and Professor Paul T. Ellsworth. 
This report, although its cognizance of water was largely limited to 
assertions regarding the necessity of irrigation in semi-arid and 
arid regions, laid the foundation for other reports and plans more 
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was ásked to analyze agricultural problems and policies and "in consul-
tation with the Government of Chile, to arrive at recommendations for a 
broad program of agricultural development.. .directed primarily at a', 
program for the next five to seven years." 

This statement meant that the mission's time horizon, from the point 
of view of water resource planning, would be brief indeed and would auto-
matically exclude certain methods of analysis. The ÍBRD/FAO team con-
cluded that agricultural output should increase and was capable of being 
increased by 3.12 percent per year during the eight year period of 
1952-1960. This rate of increase was designed to offset an estimated 
growth in population of 23 percent during the corresponding period coupled 
with an increased per capita income of 18 percent. 

As events turned out only the population increase was realized. The' 
growth of national income was less than was assumed; measured by per 
capita gross product it rose only by 7 percent. And, as already shown, 
agricultural output in 1962 was no higher than the figure for 1950. Had 

\) continued from page III-4". 
directly related to water resource planning. However, since the IBRD/ 
"FAG niission strongly influenced subsequent plans for agriculture and 
since the largest single use of Chile'.s water is. in irrigation, the 
report's relevance goes far beyond the attention explicitly given to 
water resources. 
• The IBRD/FAO report made two notable co-ntributibns to water tesource 
planning in Chile: first, the goals it set "for Chilean agriculture 
have continued to influence plans máde by Chilean government up to 
the present; second" the way in whicih it approached irrigation plans 
and requirements was followed by all subsequent planning reports of 
the Chilean government and international agencies. 
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the changes projected by the IBRD/FAO team been realized, imports of food-
stuffs would have fallen to the level of the 'forties. As it was, annual 
agricultural imports in 1954 and 1955 —^ were double the level of the 
annual average for the period 1940-44, measured in constant prices. In 

2/ 

1955 agricultural imports were §109 million; in I960, $110 million.-
A high rate of importation has persisted to the present. In July 1965 
restrictions were imposed on the consumption of beef in order to reduce 
the drain on foreign exchange and stimulate the consumption of pork, 
poultry, and, especially, fish. 
Pattern of Land Use; Evasiveness of Facts 

Far more changeable than the agricultural economy is the state of in-3/ 
formation regarding agricultural resources. La Agricultura Chilena — for 
the period 1951-1955 shows the total of land in Classes I-IV (i.e. land 4/ 
fit for cultivation) in the province of Antofagasta, as 1,000 hectares.— 
The same figure is repeated in the CEPAL report as the total amount of 
"irrigable land that requires irrigation."-̂  In both documents the amount 
of land actually irrigated is also shown as 1,000 hectares. On the other 

l! Naciones Unidas, Los Recursos Hidráulicos de América Latina. I.Chile, 
prepared by the Comisión Economica para America Latina. Mexico, 1960. 
(This report will hereafter be referred to as CEPAL). See p. 69. 

2/ La Agricultura Chilena, en el Quinquenio 1956-1960. Ministerio de 
Agricultura, Table 181, after p. 212. It has been stated un-
officially that food imports will be $150 million in 1965. 

If La Aericltura Chilena en el Quinquenio 1951-1955, Santiago, 1957. 
La Aericvl :ura Chilena en el Quinquenio 1956-1960, Santiago, 1963. 
Xhese are two quinquennial reports of the Ministry of Agriculture. 

4/ Cuadro Anexo No. 3 between pp. 24 and 25. 
5/ CEPAL, p. 69. 
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hand, the FAO report. El Rie^o en Chile.—^in a table listing projects 
under construction and projects under study, included projects designed 
to improve the irrigation of some 3,000 hectares and to provide for the 

2/ 

new irrigation of some 2,100 hectares.-' 
Of moi;e importánce than the quantity of. land in Antofagasta is the 

amount of arable and irrigable land in the country as a whole. La 3/ 
Agricultura Chilena en el Quinquenio 1951-1955.- indicated that land in 
Classes I-IV amounted to 11,079,000 hectares, almost double the estimate 
of 6.2 million hectares,that had been made during the 1940's. CEPAL 
adopted the estimate of 11 million hectares in classes I-IV and concluded 
that of this amount 7,163,000 hectares constituted "irrigable land that 
needs irrigation," i.e. all land in and to the north of the province of 
Cautín in Classes I-II and II-III and 60 percent of the land.in Classes 
III-IV.—̂  Pourtauborde's report, El Riego en Chile, which followed the 
appearance of CEPAL's study by about two years, stated that 20,000,000 
hectares "ought to be irrigated" of the 30,000,J000 hectares that made up 
Chile's agricultural area.~^ Pourtauborde apparently reached the figure 
of 30,000,000 hectares for Chile's "agricul,tu;ral area" by adding 
20,000,000 hectares of land of Classes V and VI, temporary or, permanent 

If FAO, #1622, Novembér 1962, by Jean Pourtabourde. 
2/ Pages 61-62. 
3/ P. 24 and note to Graph 3. 
4/ CEPAL, p: 69. . : 
5/ Op. cit.. p. 3. 
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pasture, to the total of 11̂ 000,000 hectares in Classes I-IV.-^ How 
he reached the estimate of 20,000,000 hectares that "ought to be irrigated" 
cannot be ascertained. 

2 / 

Between 1957 and 1963, when the second quinquénriial report appeared 
land in Classes I-VI shrank from 30,888,000 hectares to 21,637,060 
hectares. 

Measurements of "arable land," appatently were as unsettled as the 
measurement of "agricultural land." In the first quinquennial report 
"arable land"—i.e. the sum of classes I, II, and III--was given as 
6,924,000 hectares, whereas the agricultural census showed only 5,514,000 
hectares. The comment on this difference was as follows.—̂  

"This area (i.e. arable area) is concluded in the soils classified 
in classes I and II and III in the general scheme already seen, that is 
to say, those cultivable without or with light limitations and which amount 
to 6,924,000 hectares. Since the statistical sample of the Censo 
Agropecuario of 1955 indicates only 5,514,000 hectares as current arable 
area, one can say that there exists a margin of 1,410,000 hectares that 
can be immediately brought into cultivation within class II and III whose 
only limitations consists of the need for a longer (period of) rotation 
with emphasis on artificial pasture. This margin of increase of arable 
area amounts to an increase of 25.6 percent over the area now under cultiva-
tion." 

1/ See Agjricultura Chilena en el Quinquenio 1951-1955. pp. 21-23 and 
CEPAL, p. 68, for definition of land classes, 

2/ P, 26. 

1/ OP- cit. p. 28, my translation. 
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By the time of the Second quinquennial report the Census's figuré of 
5.5 million hectares had won out and there was no further talk of 26 per-
cent margin for expansion. . • 

None of the foregoing figures are confirmed by the Instituto de 
Investigación de Recursos Naturales, which has been tabulating data gathered 
by the air photogrammetric survey.—̂  

The photogrammetric survey indicates that the total amount of land in 
classes I-IV, whether dry or irrigated, is no more than 4.6 million acres, 
instead of the 11.1 million reported in the 1951-1955 quinquennial report. 
Even if we adjust for land that is in the two northernmost and two • 
southernmost provinces, using the figures from the quinquennial report, we 
cannot add more than 230,000 hectares. 

Within the past decade irrigated land has been censussed, estimates 
have been made by CORFO and Dirección de Riego, one independent investi-
gator in the Ministry of Public Works has made his own estimate, and, most 
recently, the land has been mapped and photographed from the ait. Between 
the highest and lowest quantity of "irrigated land" is a spread of 
270,000 hectares. (See Table III-2). The same effect would "be achieved 
by occasionally misplacing the province of Santiago. 

The probable explanation for the low figure revealed by the census 
is in under-reporting by the farmers themselves; the high figures of• GORFO 
and Riego aré probably explained by ..their use of design area rather than 
area actually developed for irrigation. There is also the likelihood that 

Tables releásed in 1965. Unfortunately the survey excludes the two 
northernmost and two southernmost provinces. 
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one agency may include all area under a ditch as "irrigated land" whereas 
another may ignore land that is irrigated infrequently. 

As already noted the air photogrammetric survey throws into wild 
doubt previous estimates regarding total arable area and all estimates 
except Basso's regarding the area that can be described as "irrigated." 
Even more disconcerting than corrections being made in the global figures 
are the changes in figures for particular provinces. According to the 
first and second quinquennial reports the irrigated area of Maule is given 
as 40,000 hectares. An unpublished table prepared by CORFO gives the 
figures as 4,000 hectares. The Institute's tables show 540 hectares 
"irrigated" and 3,116.3 hectares as capable of "contingent irrigation" 
(riego eventual). 1/ 

Another instance is the province of Cautín. The first and second 
quinquennial reports show 32,000 hectares irrigated. A special report on 
irrigation projects prepared by Jorge Chavez S., Ing.lists three 
projects in Cautín province that were completed between the years 1944-1959 
with a design area of 35,700 hectares of which only 7,913 hectares were 
effectively irrigated. The photograrasnetric survey shows 4,016 hectares 
now irrigated, and 79,663 hectares as "riego eventual." There is no way 
of reconciling the difference between the Chavez figure and the photo-

\l The definitior.s adopted by the air photogrammetric project are as 
follows: "irrigated land" (Classes Ir-IVr, inclusive) consists of 
land in the descending ordet of quality from Class I through Class IV 
that is assured of water 85 percent of the time and in the years of 
deficiency has at least 70 percent of its supply. "Contingent irriga-
tion" (riego eventual). shown as mixed classes, e.g. Ilr-II, consists 
of two kinds of land: (1) land under a canal that because of un-
favorable micro-relief is not irrigated; (2) land that lacks a security 
of water supply equal to that of "irrigated land." 

2/ Chief of Studies Section, Department of Public Works, CORFO, Report 
is dated 7 October, 1963. 
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Table 111-2 
AMOUNT OF IRRIGATED LAND ACCORDING TO VARIOUS SOURCES 

(1,000 hectares) 

Ficst Quinquennial Report 1,362.8 
CORFO (unpublished) 1.375.9, 
Second Quinquennial Report 
.(a) according to Dirección de Riego and CORFO (1960) 1,366.1 
(b) according to 1955 Agricultural Census 1,097.9 

Basso 1,260,000 
2/ Instituto de Investigaciones de Recursos Naturales — 

"irrigated" 1̂ 212,601 
"contingent irrigation" 700,594 

1/ Eduardo Basso S., Inventario de Recursos Hidrolóeicos Superficiales 
de Chile, Minesterio de Obras Publicas, Mayo de 1963, p. 34.' 

2/ Data taken from tables released by the Institute. 
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grammetrie figure of land irrigated. Both presumably measure exactly the 
same thing-'land under effective irrigation at present. If anything, the 
photogrammetric figure should be larger, since Mr. Chavez' figure of 
7,913 hectares relates only to three Ministerio de Obras Publicas projects, 
ignoring all others. 

Comparable uncertainty affects other characteristics of land use. Both 
quinquennial reports contain a table showing the distribution of arable 
land by type of crop for the same year, 1955, but with different figures. 
(See Table 111-3). The differences may reflect changes in classification 
more than in count. It is possible that part of the difficulty originates 
in self-censussing and either because of unfamiliarity with the classi-
fication scheme or a desire to under-report certain types of land use, 
the census loses accuracy. A new agricultural census is currently (1965) 
under way, but its results will not be available for some time. 

Within the inter-censal period of 1955-65, CORFO 1/made estimates of 
arable land among different crops. There presumably have been no signifi-
cant changes since 1955, as is shown by the figures for 1962-63: 

(1,000 hectares) 
Annual crops 1,584.6 
Vineyards and fruits 173.5 
Cultivated and natural pasture 

and fallow 3.777.7 
Total 5,535.3 

Regardless of the uncertainty of the total amount of arable land 
and its pattern of use, one conclusion seems reasonably credible: a large 

1/ Unpublished 
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Table IH-3 

DISTRIBUTION OF ARABLE LAND BY TYPE OF CROP, 1955 
(1,000 hectares) 

First Qulni Report Second Quin. Report 
Annual Crops (grains, beans, 
vegetables, potatoes, 
industrial crops) 1,326.8 1,300.7 

Vineyards 108.1 96.C 
Fruits 45.7 83.2 
Cultivated Pasture 454.0 487.4 
Natural Pasture 2,998.3 2,909.9 
Fallow 590.0 665.4 

TOTAL 5,514.0 5,543.4 
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Table HI-4 
DISTRIBUTION OF IRRIGATED LAM) BY MAJOR USE, 1959-60 

Hectares 
Annuals (except vegetables) 48S>187 
Vegetables , 63,650 
Vineyards 48,300 
Fruits and olives ' 57,600 
Pasture, total 730,847 

Cultivated 328,210 
Natural 402,637 

Total 1,389,584 

Source! CORFO, Unpublished data. 
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fraction of arable land is used for pasture or is fallow and the area 

devoted to high value crops--fruits, vegetables and vineyards--is rela-

tively small, amounting to about 250,000 hectares. 

The low intensity of land use in Chile is even more striking when we 

consider land under irrigation (see Table IH-4).-^ More than half of all 

irrigated land is devoted to pasture; a significant amount is devoted to 

a use only slightly more rewarding, namely, wheat.—^ 

Land Ownership; Sizes of Farms 

The relatively large amount of land used for natural pasture probably 

represents a dubious use of water as well as land. Apparently a combina-

tion of circumstances that include uncertainty of water supply, scarcity 

of skilled labor,. ca:pital and marketing facilities and conditions of land 

tenure keeps land out of cultivation. A study of land tenure reveals a 

direct correlation between the plze of the farm unit and the percent of 
If 

its arable land devoted to natural pasture. According to CIDA, the 

"sub-familiar" (very small unit) allocated 29.2 percent of its arable land 

to natural pasture, while the large multi-family unit allocated 46.8 per-

cent. 

1,/ Total, irrigated area -given by CORFO implies that some of the land 
irrigated in 1959 came from the 700,000 hectares classified as 
"contingent irrigation" by the air photograiranetric ̂ rbject." 

If See below, discussion, of water use. 

¿/ CIDA, Estudio Sobre la Tenencia de la Tierra enGhile,p. 113, ' 
preliminary draft, 1964. CIDA stands for Comité Interamericano 
de De8ariDlloÁgrfcola--a combination of several international 
agencies. 
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The significance of CIDA's findings is somewhat obscured by the 

studies of the Department of Agricultural Economics which find the follow-

ing percentages when farms are classified by size of total irrigated 

areas: 

siae CUss of Irxigat̂ ft, Area (has.)^^ Percent i<n Natural Pasture 

1 - 5 29.3 

5 - 9 28.0 

10 - 15 19.7 

15 - 30 19.0 

30 - 50 19.0 

50 - 100 20.0 

100 - 200 17.5 

200 - 500 22.5 

Information on the distribution of farm land among units of various 

sizes is given in Table IH-5. Total irrigated land is underestimated 

and total arable land is overestimated in comparison with results of the 

air photogrammetric survey, but the relationships are not likely to be 

seriously in error. 

The concentration of ownership of land under irrigation is somewhat 

less than the concentration of ownership of land in farms and somewhat 

more than the concentration of ownership of arable land. For example, 

36 percent of farm units have less than 100 hectares of total land area, 

and account for 7,4 percent of total land in farms, 16.7 jiercent of 

irrigated land, and 20.9 percent of "arable" land. These figures do not 

reveal how ownership of unirrigated land in Classes I-IV is distributed 

and what would be the distribution of ownership that would result from 

bringing new land under irrigation. 

\f Second quinquennial report, pp. 50-51. 
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The amount of land under irrigation in the largest size-class 

averages about 191 hectares in farms that average about 22,000 hectares 

in size. These are dimensions roughly equivalent to the large western 

United States cattle ranch owned by husband and wife, each of whom are 

entitled to irrigate 160 acres of land with water supplied by a federal 

irrigation project. As in the United States, the largest land holdings 

tend to be cattle or sheep ranches; and as indicated by the relationships 

between the amount of land in the farm (21,780 hectares) and arable land 

in the farm, (983 hectares), the largest holdings are spread over land 

of low agricultural productivity. 

Type of management and proportion of irrigated area devoted to crops 

are related to the distribution of land by size of unit. On farms opera-

ted by the owner only 24 percent of irrigated land is not in crops; where 

owner and operator share control, 30 percent is not in crops; on absentee-

owned farms managed by a salaried administrator the percentage is 43 per-

c e n t . C I D A also found an inverse correlation between size of farm unit 

and value of output per hectare and a direct correlation between size of 

farm unit and value of output per worker. The figures are given in 

Table III-6. Insofar as there seems to be a relatively large amount of 

unemployed and underemployed labor in the country, so that labor is not 

a constraint, these figures indicate that total agricultural output would 

fall with consolidation and rise with diffusion of land holdings, other 

things being equal. The critical point, however, is under what circumstances 

1/ Quoted by CIDA, o£. cit., p^ 112, from a CEPAL/FAG report. Analysis 
of some Factors Inhibiting the Growth of Livestock and Livestock 
products. 1953, pp. 44-45. 
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Table III-6 
CENTRAL CHILES COMPARATIVE PRODUCTIVITY BY SIZE OF FARM UNIT 

Size of Unit 
sub-family 
family 
medium 
large 
Total 

Valoie of output in 1955 (1960 Escudos) 
Per Irrigated Hectare Per Farm Worker 

904 
453 
454 
243 
283 

332 
506 
776 

1.150 
835 

Source; CIPA, op. cit., p. 116, 
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the desired changes In "other things" can be most easily accomplished. 

Sample studies of farm income indicate that net income per hectare 

from artificial pasture is equal to or more than income from crops> but 

substantially less than income per hectare from vineyards. (Income 

comparisons between crops and artificial pasture on the one hand and 

fruits on the other, yield somewhat ambiguous results). The sample studies 

also suggest that farms that engage in milk production along with other 

activities earn a higher rate of income per hectare than farms that do 

not.—^ Unfortunately, the studies are fragmentary and do not fully isolate 

the various factors that bear upon productivity. Perhaps the most striking 

conclusion is that for a country that is almost as famous for its fruits 

and wines as for its copper and nitrate, the area devoted to orchards and 

vineyards is small, amounting to about 175,000 hectares, or only 2 percent 

of its arable land. 

Output per Hectare for the Country as a Whole 

There still remains the question of how output per hectare in Chile 

for any given crop compares with output in other countries. Comparisons 

of this sort are relatively complex and cannot be made without carefully 

framing all conditions within which the comparison is made. An attenpt 

at constructing a summary comparison was made by M.I. Kendall 

adapted by L. Dudley Stamp, for international use. The technique yields 

a ranking of countries according to yield per hectare. Out of the twenty 

countries studied by Stamp Chile ranked as follows for the year 1946: 

i/ Second quinquennial report, pp. 49-58. 

2/ Quoted in L. Dudley Stamp, Our Undeveloped World. Faber & Faber, 
London, 1953, page 92. 
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Wheat 11th 

, Rye 12th 

Barley 8th 

Oats 14th 

Corn 11th 

Potatoes 11th 

Sugar Beets no data 

Beans 11th 

Peas 14th 

For all nine crops taken together, using Kendall's ranking coef-

ficient, Chile was in the thirteenth place, followed by China, Argentina, 

Australia, and India, and preceded (from the top of the list downward) 

by Belgium, Denmark, Netherlands, Germany, Britain, Ireland, New Zealand, 

Esypt, Austria, France, Japan, Italy, United States, Canada and Spain. 

Stamp supplied production data for Chile that could be compared with 

other countries for only one specific crop: oats. In 1951 the yield in 

Chile was 0.87 metric tons per hectare. The world average was 1.39; the 

highest reported was 3.09 (Denmark) and the lowest was 0.'43 (Roumania). 

Stamp's data reveals, moreover, that in 1951, for the twenty-two countries 

compared, Chile ranked next to last (Roumania being last) in productivity 

per hectare, whereas in 1945-47 there were six countries with lower pro-

ductivity than Chile's, and in 1934-38 there were nine. Yield per 

hectare declined in Chile from 1.Ó1 metric tons per hectare in 1934-48 to 

0.87 metric tons per hectare in 1951, while the world average moved from 

1.19 metric tons to 1.39 metric tons. 

If we compare Chile's yields for the year 1950-51 in tons per hectare, 

as reported by the second quinquennial report, with world average yields 
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as given by Stamp (taken from FAO'6 Yearbook of Food and Agricultural 

Statistics, no date, but presumably for a year between 1951 and 1953), 

we have the following: 

Chile World Average 
(tons per hectare) 

1950-51 1951 

Wheat 1.15 1.15 

Corn 1.43 1.58 

Rice 1.72 1.62 

Barley 1.56 1.26 

Oats 0.91 1,39 

Rye 0.58 1.35 

Sugar beets 
(1953-54) 15.26 24.8 

(1959-60) 28.02 

These figures indicate that Chile's output per hectare, for 1950-51, 

exceeded the world average for rice and barley, equalled the world average 

for wheat, and fell below the world average, in some cases by substantial 

proportions for corn, oats, rye and sugar beets. The Chilean figures for 

sugar beets are for 1953-54, the first year of record. Since the crop was 

introduced only in that year perhaps a comparison is not meaningful. Yield 

in 1959-60 amounted to 28.02 tons, somewhat above the world average. 

The comparisons among yields conceal the varying proportions of total 

output, inside as well as outside Chile, that are produced on irrigated 

land and dry land, the relative productivity of which varies substantially. 

What is the significance of knowing that in Chile the average output 

of wheat per hectare is about the same as that of the United States, when 

in Chile according to one source^-^ about one-third of wheat land (1959-60) 

If CORFO, Programa de Desarrollo Agrícola. 
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is irrigated, whereas in the United States very little is? 

Statistics on productivity generally suffer frota such deficiency of 

detail that most comparisons cannot readily be interpreted. For example, 

figures on comparative productivity per hectare (Table III-6) fail to 

indicate that the large unit is usually a livestock enterprise, whereas 

the productivity of smaller units reflects another type of agriculture. 

Without additional information one cannot infer that the large unit is 

relatively "unproductive," since the "low" productivity per hectare 

probably reflects dedication of irrigated land to production of cattle 

feed—a use that if not supplied would make impossible the exploitation 

of large areas of unirrigated grazing land. Questions of "efficiency 

of land use," moreover, cannot be examined independently of "efficiency" 

in the use of labor and capital. The figures reveal that while the output 

per unit of land varies inversely with size of unit, the opposite is true 

per unit of labor. No information is supplied regarding output per unit 

of investment. 





Chapter IV 

THE USE OF WATER FOR IRRIGATION 

The main conclusions reached by investigators of Chilean irrigation 

are that water is used with a prodigality that can only mean great waste. 

Principal and secondary works are inadequate, antiquated, frequently in 

poor condition, easily damaged by moving water, clogged with weeds, and 

lined with thirsty trees. In many cases the land is not prepared for 

irrigation? the technique of irrigation commonly used -- innundation --

is extremely wasteful; and there is little knowledge of current rates of 

water use let alone optimum water requirements. The network of canals 

reflects haphazard development over decades, maybe centuries: long, 

parallel canals inhibit movement of men, animals and machinery, as well 

as waste large quantities of water. Irrigating by turns, whereby ditches 

are alternately dried and wetted, and a "turn" may mean 2 hours every ten 

days, inhibits delivery of water rightfully claimed by the irrigator. 

Irrigating only during the day coupled with absence of night-time storage 

allows water to run unused to the sea. 

The degree to which the faults of Chilean land use -- i.e. the 

extensive use of natural pasture and fallow fields rather than cultivation 

of crops, feeds, fruits and vineyards -- is a reflection of poor use of 

water, and the degree to which poor use of water is a reflection of 

problems facing agriculture in general are questions that demand investiga-

tion before a rational water resource policy can be developed. These 

questions in turn, cannot be investigated without the acquisition of con-

siderable information and analysis at both the technical and budgetary 

levels of farm operation. In the absence of such data our conclusions 
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are largely Inferential, based upon scattered bits of information. 

The 1952 IBRD-FAO report, in passages that have lost none of their 

relevance, described Chilean irrigation as follows;-^ 'V..Most of the 

water comea directly from the rivers» whose flow is not regulated in any 

way. Thus coarse silt, gravel and even small boulders cannot be pre-

vented frotó entering the canals. When floods occur,, the head of the canal 

may be washed away arid irrigation interrupted. Most canals are npt pro-

tected against erosion and the water level decreases gradually; difficul-

ties experienced in serving the fringes of the irrigated zone increase... 

many small canals of great length were built by individual owners or 

small' groups with consequent unnecessary losses of water. Further lack 

of attention to irrigation during the night and weekends, except in the 

North where water is so precious that storage tanks are being built, 

causes additional losses. In the Central Valley fields with excessive 

applications of water (even to the point where crops suffer) alternate 

with others which get watet only in a haphazard way. 

"...A conservative estimate puts the -loss of water, i.e. the possi-

bility of increasing the- area under crops or artificial pasture, at 20 

percent. In- some places qualified observers put the loss at 4P percent. 

The main trouble is uneqital application of the.water over the fields.due 

to failure to divide the fields into compartments; yields are depressed 

and where the flow of water is rapid, erosion, threatens. 

"... Improved use of irrigation water is largely a matter of giving 

infortnation to the farmers.... in a number of cases,: additional invest-

ments of a public character will be needed... ...underutilization 

(of land) is mainly a problem of the large farms and is found to a large 

degree on irrigated land. The mission found bad farm management by the 

1/ P. 176, ff. 
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owner, or more often by the mayordomo in his absence, among the reasons 
for the large percentage of irrigable land lying fallow in the central 
valley... On the peasant holdings land use is already rather intensive." 

Somewhat surprisingly in view of the poor state of many, existing 
facilities and the low level of efficiency in the use of water the mission 
recommended "early completion of the (irrigation) works under construction 
as the best available means to provide for the larger part of the desired 
new cultivable land and the construction of two additional schemes before 
ISóO."-?̂ ^ The total proposed irrigated acreage would provide 283,000 new 
irrigated hectares. In addition, the mission recommended drainage of 
about 300,000 hectares of non-irrigated land for pasture and truck farm-
ing. These recommendations, along with increased productivity of agricul-
ture in general were designed to raise output by 38.5 percent, during the 
period 1952-60. 

The mission dealt with many other aspects of farm management, 
fertilizers, equipment, credit, marketing, transportation, and so forth. 
In the mission's collective mind "the importance of irrigation in Chile 
has been stressed throughput this report" (p. 278). In spite of such 
stress, however, the treatment of irrigation was somewhat casual. At 
no point did the report assess the relative merit of allocating avail-
able, funds to the improvement of existing irrigation systems instead of 
building new ones, or to increasing the land under cultivation within a 
given system by increasing the efficiency of water use. One cannot 
ascertain from the report the degree to which improper land use is a 
property of land per se. or a property of the availability of water, and 
if the latter, the ways in which its improvement would automatically be 

1/ Ibid p. 182. 
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reflected in better land use. 

A later study on irrigation by Ralph M. Bell made the following 

recommendations: 

(1) Improved control and soil conservation practices, restriction 

of grazing accompanied by practices designed to encourage 

natural beneficial vegetation; forestation to protect the 

watersheds; river bank and canal erosion control, 

(2) Increased storage of surface flow for irrigation and other 

uses such as hydroelectric power, fisaing and recreation; 

provision of storage tanks to capture nocturnal flows. 

(3) Surveys to determine optimum locations of principal irrigation 

intakes along the river; rearrangement of canals in order to 

maximize the number of hectares served per unit of length of 

canal—for both supply and drainage canals, taking into account 

the reuse of irrigation water. 

(4) Better supervision of distribution of water—inspectors, 

measurements, etc. to ensure delivery of water according to 

ownership of rights; domestic production of devices to measure, 

control and distribute water; measurement of water use; 

instruction in amount and timing of irrigation. 

(5) Acquisition of more complete information regarding present use 

and available supply of ground water. 

(6) Study of soils and capacity of land under irrigation or planned 

for irrigation; determination of crops best suited for 

different soils 

JL/ FAO, Report No. 379 to the Government of Chile on Irrigation and 
Methods of Irrigation. Rome, 1958, p. 8 ff. 
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(7) Substitution of ditch, and furrow irrigation for inundation; 

substitution of spray irrigation for gravity flows where soil 

erosion threatens; transfer of water from ppor lands to better 

lands, 

(8) Developtnent of programs to awaken the interest of farmers in 

progressive methods, use of equipment, improved techniques of 

irrigation and education of workers; more adequate.treatment of 

irrigation problems and techniques^ in the university curriculum. 

(9) Expansion of the collection of basic hydrologic and meteor-

ologic data, behaviour of soils under irrigation, and duty of 

water. 

The report pointed out that many of its proposals dealt with matters 

about which the Department© de Conservaci<Jn de Recursos Agrícolas y 

Forestales and the Departamento de Extensión Agrícola were cognizant and 

at work. 

Unlike the IBRD/FAO report Bell dealt with "reforms" of current 

irrigation practices and emphasized the need fo.r changes in techniques, 

better knowledge of adaptability of soils and crops, and, the need for 

more complete information regarding water use. Bell issued a.mild reproof 

to the authors of the earl^r report for not insisting '.'as they should 

have on the need for giving greater importance, .to what happened with the 

water once it reached the farm" and pointed out that improved use of 

water could yield results that "could be spectacular" and could avoid \ 

some construction projects. The author emphasized the need for .24-hour • 

irrigation seven days a week, which would be possible with improved land. 

1/ P. 16. 
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preparation and irrigation by furrow instead of inundation. Bell esti-

mated that in addition to losses in canals leading to the farms, losses 

on the farm were probably about 60 percent. If such losses could be 

reduced from 60 to 40 percent, the total of irrigated acreage could be 

increased by about 280,000 hectares. Furthermore, improved application 

of water could raise yields about 10 percent according to a "conservative 

c a l c u l a t i o n . T o achieve this would require an educational program, 

more and better machinery, credit facilities, and technical supervision. 

Bell concluded that the existing water supply with better management would 

supply an increased output of 30 percent from irrigated land. Up to now 

neither Bell's nor the IBRD/FAO recommendation has been followed. 

Measures of Current Water Usé 

According to the CEPAL report on Chilean water resources the irriga-

tion input of water exceeds norms derived from applying coefficients for 

California to the Blaney-Criddle formula by amounts that range between 

20 percent and 106 percent. Norms based on Chilean investigations are 

not available. Estimates of water requirements v/ere computed for four 

river basins. Unfortunately they provide no detail regarding crops, size 

of farm, or other characteristics: 

RATES OF WATER USE AND REQUIREMENTS FOR IRRIGATION ^ 

(cubic meters/per hectare per year) 

Needs According to Percent of use 
Basin Current Rates Blaney-Criddle formula over needs 

RÍTO Elqui 14,200 11,850 20 

Rl'o Maule 21,200 10,300 106 

Rio Maipo 14,800 10,230 45 

Rio Itata 15,100 11,660 30 

1/ P. 18. 
2/ CEPAL, p. 68. 
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The authors point- out that part of the excess water returns to the 
river by infiltration. They also repeat Bell's recommenddtion.-to measure 
flows in the canals, accumulate -data on water use by type of crop and by 
zone, and conduct.studies designed to fix optlmum water requirements 
based on Chilean conditions. 

A study,, writ ten by Eduardo Basso S. —^ examined several estimates of 
water use by crop and broad region within Chile and in comparable regions 
abroad (mainly Cp.liforniaj it appears). Wide differences among estimates 
are not explained. It is possible that in some cases the figures are 
observed measures of actual inputs, whereas in other cases they refer to 
requirements, determined experimentally under idealized conditions. In 
some cases they may represent water requirements on the field, whereas in 
other cases, deliveries to the farm. The lack of data based on Chilean 
experience—whether, observed on operating farms or experimentally deter-
mined under carefully controlled conditiohs—led Basso to base his 
efficiency norms on results collected in California. Out of a mass of 
conflicting statistics. Basso.constructed a table that represented current 
use of water by region and crop, excluding the highest reported rates, 
since some level of improvement could be anticipated "without a change in 

2 / 

the idiosyncrasy of the Chilean farm worker,"- He then compared these 
figures with "optimum rates of irrigation, according to North American 
investigations (translated to Chilean conditions)." Basso indicated 
that the "optimum rates" xíould not be realized without a "gradual campaign 
of education" of the fartaer. Thus, the first set of figures represent, 

1/ Inventario de Recursos Hidrolô gicos Superficiales de Chile,, op. cit. 
If pp. 40-41. 
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roughly, a picture of what all except the most prodigal farmers are 

already achieving, whereas the second set presumably represent a higher 

order of efficiency, but one that is reasonably attainable. The dif-

ferences between the two sets of figures reveal a minimum practicable 

quantity of saving. 

We can get a better idea of estimated waste by translating the unit 

values of Table IV-I into aggregates. This is done in Table XV-2, using 

the irrigated areas and cropping patterns estimated for the country by 

CORFO for the year 1959-60,-^ Gross irrigation inputs for the country as 

a whole were estimated to be about 9.2 billion cubic meters for the year 
2/ 

1959-60. Of this total, zone II-' accounted for 7.1 billion, cubic 

meters and zone III accounted for 1.6 billion cubic meters. 

We can also estimate the amount of additional land that could be 

irrigated in each zone if water were used efficiently, assuming the same 

cropping pattern were retained: 

Zone I - 13 percent or 1,456 hectares 

Zone II " 45 percent or 476,119 hectares 

Zone III - 45 percent or 115,079 hectares 

Zone IV - 44 percent or 28,203 hectares 

Total, four zones 620,862 hectares 

The potential total increase would raise the 1959-60 estimated 

y There are slight differences between the provinces that comprise the 
four zones of Table IV-2 and the provinces that comprise the regions to 
which Basso's coefficients apply, but these are of little consequence. 

2! Zone II consists of Atacama and all provinces to the South as far as 
and including Linares. Zone III consists of Maule, ^ble, Concepción, 
BÍo-Bifo. Zone IV consisted of the provinces from Cautín to and 
including Llanquihue. 
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irrigated area by about 45 percent. These estimates do not take into 

account the fact that water is recovered for further use in areas in 

which it has been applied to excess. Therefore, the potential total 

increase in irrigated area with the same water supply is overstated. 

In all of these estimates there is a large uncertain factor repre-

sented by the ignorance of the degree of security that can be assigned 

to the water supply of each hectare. All estimates of current water use 

contain an implicit assumption: that the water is there. We have no way 

of knowing how well each farm fared in a given year. 

The estimates of Table IV-2 support the suspicion that a relatively 

large amount of water is used for low-yield production. About 70 percent 

of estimated water use went into pasture and about 14 percent went into 

annuals. Of the latter, a significant fraction went into wheat.— 

Unfortunately, we have no way of isolating the yield from irrigated land 

from all land devoted to a particular crop. Table IV-3 shows the value 

of output per hectare by crop. The fact that irrigated land cannot be 

separated from dry land is especially serious for pasture, since total 

area devoted to pasture is 3,2 million hectares, whereas only 731,000 
2/ were irrigated and undoubtedly have a higher yield than is indicated.-

1./ In Zone II, for example, of 386,137 irrigated hectares devoted to 
annuals, 131,000 hectares were in wheat. 

2./ Cultivated pasture supports 1.5 to 2 animal units per hectare per 
year whereas natural pasture maintains only 0.5 animal units. Of 
the 731,000 hectares of irrigated pasture, 328,000 were cultivated 
and the remainder natural. 
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Table IV-2 

EXPERIENCED AND OPTOrJM WATER REQUIREMENTS BASED ON 1959-60 
IRRIGATED ASEA 

Unit Water Use 
(Grogs) 

Total Wster Usa Irrigated 
Area a/ 
(has.J Current hj Optimum b/ Current Optiaum 

m^/Ha/yrV m^/Ha/yr? TO^/lC^/yr, 

'"Ivsste": 
Current-
Opt itnum 

a/ CORFC, unpublished, 
b/ Baseo, p. 41, 

Zone I Annuals - 3,000 3,000 - - -

Vegetables 1,910 9,300 6,000 18 11 7 
Fruits & Olives 576 10,500 6,5G0 6 4 2 
Vineyards - - - - -
Pasture 8,714 11,000 10,500 96 91 5 
Total il,2C0 120 106 14 

Zone II Annuals 386,137 2,800 2,300 1,081 888 193 
Vegetables 46,464 6,200 5,000 288 232 56 
Fruits & Olives 38,070 9,700 6,000 369 2.7.B 141 
Vineyards 46,851 9,700 9,700 454 f^bi* 0 
Pasture 540,521 9,000 5,700 4.8S5 1,784 

Total 1,058,043 7,057 4,883 2,174 

Zone III Annuals 88,663 2,300 2,300 204 204 0 
Vegetables 5,092 6,000 4,500 31 23 8 
Fruits & Olives 3,688 C,900 4,200 35 16 19 
Vineyards 1,449 - - - - -

Pastura 156.634 8,500 5,500 1,331 86?. 470 
Total 255,731 1,601 1,104 497 

Zone IV Annuals 14,382 - 1,800 1,S00 25 26 0 
Vegetables 10,184 6,000 4,000 61 41 20 
F.'uits & Olives 15,066 7,300 4,000 110 60 50 
Vineyards - - - - - -

Pasture 24,478 7,400 5,500 181 i35 46 
Total 64,1X0 378 ?.62 116 

Total Annuals 489,187 1,118 193 
Vegetables 63,650 398 307 91 
bruits & Olives 57,600 520 308 212 
Vineyards 48,300 454 454 0 
i'asturs 7?0,847 1.^68 2,305 
Total 1,389,554 .9,15S 2,801 
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Table IV-3 

AVERAGE VALUE OF OUTPUT PER HECTARE, CHILE, 1959-60 

SELECTED CROPS 

Cultivated 
Has,<1000) 

Aggregate 
Market Value 
.(.E® 1000) 

Market Value 
per Ha. 

Wheat 887,6 79,643,4 89,7 

Corn 74.7 11,876.1 159.0 

Rice 40.0 9,124.6 228.1 

Beans 93.2 21,674.6 232.6 

Potatoes 86.3 50,550.2 585.7 

Sugar Beets 18.6 8,311.1 446.8 

Vegetables, including 
onions and garlic 63.7 36,831.6 579.0 

Sunflower 51.1 5,398,3 105.6 

Tobacco 3,1 1,599.9 51Ó.1 

Fruits 57,6 38,207.3 663,3 

Vineyards 93.0 52,922.8 540.0 

Pasture (total) i'' 3,217.8 245,153.4 76.2 

Source; La Agrlcultyra Cb i lena en el Quinquenio 1956-60, I-íi n. i s t e r i o 
de Agricultura, pp. óO~78, Hectares of vegetables, fruit, 
and pasture taken from unpublished COEFO sources. 

!_/ Aggregate market value includes all animal and poultry products. 
Includes natural and artificial pasture but fails to account for 
feed that niight be supplied by crops. 



Chapter V 

EXPERIENCE WITH GOVERIJMEKT IRRIGATION PROJECTS 

Virtually all new irrigation in Chile developed during the last 

fifty years has been in the form of public projects. The present Dirección 

do Riego has its antecedents in an agency created in 1914. According to 

CEPAL by the beginning of the present century about one million hectares 

of land had been put under irrigation by privately financed works, mostly 

in the form of canals and ditches. Works constructed by the State during 

the last fifty years have added 362,751 hectares. ^ 

We have little to say about the economic merit of private irrigation 

projects. Presumably most of them were justified in the eyes of the farmers 

who singly or in groups supplied the money, labor, and materials for their 

construction. Private projects are usually administered by an associa-

tion whose members are ovmers of the land under irrigation wno possess 

rights to the use of water. Water rights, rights of way, equitable 

1/ Page 66. 

U Viliarroel & Horn, Rentabilidad de las Obras^de Re^^adfo en Explotación 
Construidas cor el Estado. í'inisterio de Obras Públicas, June 1963, 
p. 25. The figure given by Viliarroel & Horn is the design area of 
all projects for which data are available. The major exclusion is the 
Canal San Carlos, in the vicinity of Santiago, which was built by the 
government over a period of many years before Dirección de Riego was 
created. 
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relations acaong association members, and legal powers of the association 

were established by a series of laws culminating in a water code (1951) 

which has had subsequent amendments and is now in the process of being 

completely overhauled.—^ Separate laws cover the powers and responsi-

bilities of the Dirección de Riego and the procedures whereby public irriga-

tion projects are selected and financed. 

The present deficiencies of irrigated agriculture in Chile are in the 

main a reflection of the private projects since they accotint for most of 

the irrigated land. Most major private works are at least fifty years old; 

many go back to Chile's colonial period. Some, of course, are well designed 

and efficiently managed. 

In particular instances the distinction between "public" and "private" 

has been lost, since the purpose of a number of public projects was to 

improve or expand existing private systems. 

There is ao pretension on the part of Chilean officials that all is 

well regarding the level of agricultural efficiency, the use of water by 

irrigators, and the selection, construction, maintenance, and administra-

tion of all governmental irrigation projects. Critical studies of separate 

irrigation projects have been made by Chilean experts and by foreign 

authorities on invitation of the Chilean government.—^ 

X/ See CEPAL and Villarroel 6e Horn for sunimaries of the laws regarding water. 
2/ Such studies are (1) F.AO Report #879, Irrigation and Methods of Irrigation. 

by Ralph M. Bell, 1958; (2) FAO Report" #1622, EL Riego en Chile, by Jean 
Pourtauborde, 1962; (3) Rentabjlidad de.las Obras de Regadío en Expiota-
ci<?n Construidas por el Estado, by René Villarroel B. and Heinrich Horn 
F., Ministry of Public Works (Direccidn de Planeamiento), Jone 1963; 

Informe Preliminar. Jorge Chavez A., Chief of Studies, CORFO 
(Departmento de Obras Civiles), October 1963, 
The author is grateful to Eugenio Lobo, Ingeniero de la Division de 
Estudios, Departamento de Riego, for the generosity with which he made 
his time available and shared his knowledge of the problems of irrigation 
in Chile. 
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Pour".auborde's study identified and described ten projects in the 

four northern provinces--Tarapacá, Antofagasta, Atacama, and Coquitnbor-

that were already in operation, four projects under construction, and 

nine projects under study. A brief sample of his comments illustrates 

the problems that are encountered: 

Many of these projects are small. The carltaya reservoir 
irrigates 500 hectares. The irrigable area could be extended to 
1,000 hectares if there were a "well cared for" network of canals 
and a supply of underground water of better quality than the 
mineralized surface waters now bsing used. The Canales CatiSa, 
Pocoma, y Pachica, taking water from the Tarapacá are in such 
mediocre state that irrigation is "uncertain." 

Among the larger projects is Lautaro Reservoir constructed in 
1938, with, a capacity of 40,000,000 ni3, designed to improve 
the irrigation of 7,800 hectares, add 2,100 hectares, and provide 
85 percent certainty of water supply. The reservoir has failed 
to function as expected because the flow of the Copiapo was over-
estimated. Design flow was based upon data covering a period of 
sis years. In the one period that the reservoir was full (1940-42), 
leaks were observed through the alluvium on which the dam rested. 
Although the stability of the dam vras not affected this has turned 
out to be an irrelevant virtue since the dam has been dry 90 per-
cent of the time since its construction. Today it is virtually 
abandoned. 

By another project the meadows near the city of La Serena were 
drained and a network of irrigetion canals fed by the Elqui River 
were built. The land was then divided into relatively sxall farm 
units (parcelas) and distributed to new settlers. The project has 
faced a continuous deficit of vjater owing to the older rights pos-
es sed by other landholders. Fourtauborde concluded that the project 
was quite imprudent, especially in viê í̂ of the water requirements 
that had been incorporated into the initial plans, 16,000 to 22,000 m^ 
per hectare (5-̂  - .7̂  acre-feet of water per acre). Those who hold 
prior rights, apparéntly lay claim to excessive quantities of water. 
(Pourtauborde mentioned the quantity of 32,000 m3/ha rather off-
handedly--the equivalent of 10% acre-feet per acre). Apparently not 
all this water is used by the title holders; but those without legal 
rights cannot use it either. Pourtauborde thought that the project 
could be successful if (1> ttie flow of Elqui were regulated and 
(2) the water were distributed strictly on the basis of physical needs. 

The "preliminary report" of Sr. Chaves (CORS'O, 1963) dealt with a 

different problem: the failure of a project to be completed after the 

principal works have been built. In their present unfinished state these 
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presumably are projects that augment the supply of irrigable land at rela-

tively low marginal costs. He examined twelve projects whose design area 

amounted to about 100,000 hectares, in order to ascertain why the secondary 

and on-the-farm elements had never been completed. The main works of nine 

had been finished at various dates extending back to 1944. Three were still 

under construction. Of the nine, 35 percent of the design area was being 

irrigated^ on the average. One project, for which the major works had been 

completed in 1944, had reached 31 percent. Another, complsted in 1959, had 

reached 6 percent. One project had reached 72 percent development, the 

highest of the twelve. Eleven were canals and one was a reservoir. The 

reservoir had been finished in 1953, but only 43 percent of the planned 

area was under irrigation in 1963. In contrast with Pourtauborde's report, 

which dealt with the north, Chavez's report was limited to projects in the 

southern part of the central valley. 

Among the three works still in progress, all v/ere canals. One had 

been started ten years before the date of the study, and had reaches 4 

percent of planned development. Another had been started three years before, 

but had not yet served new land. The third had been underway eight years 

and served 33 percent of the planned area, GORFO tried to ascertain by 

questionnaire the reasons why complementary facilities had net been built 

along with the mother canals and why there had been such undue delay in 

completion of the three works still under way. 

Responses to the questionnaires yielded the following answers: 
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"economic" {farmers' lack of Z^xr^a) - 52% 

lack of technical advice •• 48% 

poor distribution of water - 33% 

lack of secondary canals - 57% 

inadequate rate (allowed?) of irrigation - 3% 

works are under construction - 3% 

poor quality of land - 5% 

lack of land preparation - 167̂  

Since some of the categories are not mutually exclusive--e.g. lack 

of secondary canals and land preparation may be attributable to lack of 

economic resources--the responses yield a somewhat fuzzy picture. None-

theless, the first four reasons are reasonably clear. 

The responses from proprietors of farms dependent upon the three 

principal works still under construction were limited to two reasons: 

"economic" (farmers' lack of funds) - 59% 

lack of technical assistance - 65% 

Chavez made the parenthetical observation that in addition to the 

data collected by the questionnaire, it was evident that appropriate 

techniques of irrigated agriculture either were little known, or ignored 

in "almost all" of the works that were visited. This suggested to him 

the need for further investigation of the relationship between the small 

difference in yields between irrigated and dry land in the zones studied 

and the incentive to invest in irrigation works. 

In cotnmenting on various specific projects Sr. Chavez made the 

following additional observations: 

(1) Cenal Allipen suffered from a poor distribution of water 

because the secondary and tertiary canals had been poorly 
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placed when the land was still.mostly forest. The more the 

land was cleared the more obvious it became that the canals 

were in the wrong places. Furthermore, for most of the 

project area the soils are thin. 

(2) Canal Duqueco Cuel is in the.fin^l stages, of completion but 

delays in bringing the land under cultivation are already 

apparent. There are no plans for secondary, canals and future 

irrigators are largely ignorant of their respective areas and 

assigned shares of /̂atar. The Ministry of Public Works is 

constructing a new roll of irrigators since the one that 

exists was.put together in a hurry and mingled the zone of 

Duqueco Cuel with that of Canal Laja. 

(3) Canal BÍo-Bi'o Sur, second stage. Canal Quillaileo, and Canal 

Coreo, still under construction, all serve areas of poor soils. 

(4) Tutuven Reservoirsj (43 percent of design area is under 

irrigation), was completed in 1953. The project suffers from 

poor topography, making canals difficult and expensive to 

construct. Furthermore, the farmers of the zone, accustomed 

to sheep raising and vir.eyards are apathetic to the advan-

tages of irrigation. At least 25 percent of the area is 

unirrigated solely because the farmers lack interest, 

Chavez's "preliminary memorandum" of October 1963 has not yet been 

replaced by a definitive document. An official of Dirección de Riego 

indicated that when the final report appears it will be less critical and 

will show more land under irrigation. This opinion is not supported by 

the results of the air photogrammetric survey. We have already referred 

to the uncertainty over the extent of irrigated land in Maule province. 



According to Chavez's report, Tutuven now supplies water for the effective 

irrigation of 920 hectares out of a design area of 2,160 hectares. The 

air photogrammetric survey shows 540 hectares being irrigated, in Maule 

province, the region supplied by Tutuven. In other words, less rather 

than more land is under irrigation than Sr, Chavez indicates. In Cautín 

province the photogrammetric survey shows a total of 4,016 hectares as 

irrigated, whereas Sr. Chavez indicates a total of 7,913 hectares for three 

projects. If the air photograirraetric measurernents are accurate. Sr. 

Chavez's preliminary evaluation has been too liberal rather than too 

restricted. 

The severely critical study of Rene' Villarroel B. and Heinrich Horn 

F.-^ is a disconcerting contribution to Chilean self-evaluation. The 

authors analyze forty-seven projects of Dirección de Riego that supply 

water to a new land equivalent of 352j751 hectares and account for more 

than 95 percent of the area served by all projects built by the agency. 

Ail types of works are included: c/inals, reservoirs, drainage systems, 

and pumping facilities. 

Each project was appraised on the basis of a comparison between the 

added output resulting from irrigation and the added costs cf production--

on-the-farm and project costs. Of a total of 47 projects, nineteen showed 

losses. Another seventeen experienced net yields on capital invested of 

less than 8 percent. Since CORFO loans, on constant values, were con-

sidered by the authors to be at 8 percent, earnings beloxí this level -were 

described as yielding less than the expected marginal yield on capital. 

Therefore, by varying degrees, 36 out of 47 projects, failed to meet a 

1/ Op. cit. 
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test of economic efficiency.—^ 

Projects that performed poorly were those for which yields were low 

rather than costs high. The authors concluded that poof performance was 

the result of a poor choice of crops, inept use of water, lack of technical 

assistance, and lack of necessary agricultural credit facilities, • 

The main criticism directed toward the Villarroel and Horn analysis 

by Dirección de Riego officials is that it underestimates additional pro-

ductivity attributable to government projects. Since Villarroel and Horn 

did not have "before" and "after" data on production from land specifi-

cally a part of governmental projects, they estimated the effect of a 

project as equal to the output of an average irrigated hectare in the area 

minus the output of au average dry hectare, based on the census of agri-

culture in each comuna. The effect of this measurement was two-fold: 

(1) it overestimated output on unirrigated land because the authors' sample 

included land mote favorably situated than the land that was put under 

irrigation; (2) it underestimated output on irrigated land, because by 

using the communal average it failed to reflect the fact that irrigators 

on land served by government projects had a higher degree of security of 

water supply, and therefore a crop mix of higher value, than irrigators 

on non-project land. In other instances the authors overestimated pro-

ductivity by ignoring the fact that some projects were only modifications 

of existing irrigation systems and brought little if any new land under 

1./ Allen Kneese commented that, "It might be a comfort to Chilean readers 
to knov; that most federal U.S. projects will not stand the test of a • 
realistic rate of interest either." 
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irrigation; yet the authors assigned to such project the difference in 

output between irrigated and non-irrigated land. 

What makes the Villarroel and Horn study difficult to evaluate in 

spite of the obvious weakness in their method of analysis is the fact 

that its results are partly corroborated by the investigation of Jorge 

Chai'ez and the further fact that there are no official (or unofficial) 

studies that make it possible to dispute Villarroel's and Horn's con-

clusions. 

If subsequent investigation should support Villarroel's and Horn's 

conclusions, of the 362,751 hectares (new equivalent) served by public 

irrigation projects, about half, or 178,772 hectares, are within projects 

that cannot be justified by econoaiic criteria. Total investment, i.e. 

capital costs plus the costs incurred by the state during the trial period 

of operation ("costos de expiotaci?)n")> for all projects amounted to 116 

million escudos (in 1962 escudos, which at the 1962 rate of exchange V7as 

approximately $116 million dollars), of which projects that could not be 

justified in economic terms amounted to 70 million escudos, or 60 percent. 

Since Villarroel and Horn computed investment costs per hectare on 

the basis of project design area, they underestimated costs by the ratio 

of design area to area actually under irrigation. On the basis of the 

reports of Pourtauborde on projects in the four northern provinces and 

Chavez on projects in the southern part of the central valley we can 

estimate that of a design area of 78,082 hectares only 35,403 hectares—'' 

are effectively irrigated. For these projects, therefore, Villarroel's 

l! A figure that is still too high according to the air photogramme trie 
survey. 
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and Horn's costs per unit of land are approxima.tely half the ^ount that 

they "actually" are. A modification, of their computations, hoviever, 

converts only two projects from "economic" to,"uneconomic". Ail others 

whose costs would be raised were already classified as uneconomic.—^ 

It is possible that detailed studies of other regions would reveal 

additional differences between design area and area actually irrigated. 

The difference of about 200,000 hectares between the air photogrammetric 

survey's total of effectively irrigated land and the CORFO-RIEGO estimate 

based on design area of public projects plus land irrigated by private 

works suggests such a likelihood. 

One scarcely knows, what credibility can be attached to the conclusions 

of Villarroel and Horn regarding economic merit. So long as the best we 

can achieve is an opaque view of reality, there is a strong temptation 

to seize upon any "fact" and make the most of it. One, should be reluctant 

in the present case to do so. On the other hand, past procedures in the 

selection of projects support their conclusions. First of all, one might 

question the criteria for project selection that are employed by Direccio'n 

de Riego. Second, one might question whether the criteria and priorities 

established by Riego are in fact followed. 

Among the criteria used for the selection of projects has been the 
2/ objective of stimulating the production of wheat and meat.— This 

i/ According to Villarroel and Horn an "uneconomic" project is one for 
which the niet increase in production (i.e. after netting out on-the-
farm costs and current project costs) is equal to or more than 87o of 
project investment. 

1! The next few paragraphs are based upon conversations with various 
people within the Chilean government and foreign technical aid 
missions. 
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meant emphasis on projects in the southcrti part of the central valley, 

the area with which Sr. Chavez was concerned. Furthermore, wheat and 

livestock production per se are relatively low yield crops per hectare, 

even if reasonable levels of efficiency are attained in land and water 

use. In addition, the ranking of projects in order of desirability by 

Riego usually included engineering characteristics such as the quality 

of foundations and the ratio of earth moved to water iapounded. There 

was no ranking on the basis of comprehensive benefit/cost ratios.—^ 

The record shows that projects are usually under construction for 

many years, occasionally decades. We can infer that this reflects an 

obligation to distribute a relatively small budget among aiany claims for 

attention. On occasion procedures apparently are followed In letting 

contracts that result in an Increase in costs beyond those originally 

contemplated. Special problems created by prolonged inflation, delay in 

payments to contractors, and delays in securing authorization of needed 

Imports have raised costs. The professional staff of Dirección de Riego 

is far too small for the responsibilities thrust upon them, and there is 

a deficiency of basic data regarding hydrology, geology, soils, and other 

technical matters bearing upon the physical productivity of a project. 

Tne accompanying Table V-1 indicates the rate at which new land has 

been brought under irrigation during the past four decades. The most 

1/ Apart from the way in which Riego makes its proposals Is the way in 
which decisions might be made at higher levels. If decisions are 
made in Chile the way they are in the United States, it would not be 
surprising to see political pressures dominate: benefits to special 
interest groups, the need to cope with local pockets of unemployment, 
and the need to distribute governmental largesse among many competing 
political units. 
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Table V-1 

NEW & NEW-EQUIVALENT LAND PLACED UNDER IRRIGATION 

BY DIRECCld^ DE RIEGO 

Year 

1919 4,000 1950 8,280 
1924 500 51 12,420 
25 - 52 -

26 - 53 17,745 
27 - 54 -

28 - 55 300 
29 - 56 2,980 

19.30 63,600 57 -

31 22,250 58 111,137 
32 6,500 59 2,400 
33 400 1960 1,909 
34 5,500 61 743 
35 9,750 62 2,600 
36 0 63 1,500 
37 1,450 64 18,000 
38 0 65 10,600 
39 5,800 

1940 > 

41 -

42 -

43 -

44 
45 -

46 10,862 
47 10,560 
48 160 
49 8,500 

Sources: Villarroel and Horn, for years 1919-1961. Hectareage is 
overstated for various years because (1) design area is 
used, (2) some projects tnocify existing projects. 

Michael Nelson, Chile-California Program, for 1962-65. 
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productive period, if we exclude Embalse Laguna del Maule, was the decade 

ending 1934, during which approximately 100,000 hectares (new equivalent) 

were added. In the thirty years that followed another 116,000 hectares 

were added (about 3,000 hectares per year), plus controlling the flow 

out of Laguna del Maule, which added approximately an equal amount. 

Plans of Dirección de Riego for the period 1965-73 call for putting 

about 425,000 hectares of new land under irrigation plus improving the 

water supply for 700,000 hectares. Should the Chile-California Program 

proceed with full development of the Maule River basin, these figures 

would be augmented by 120,000 hectares of new land plus 150,000 with im-

proved water supply. The consummation of such a program would not only 

mean that the average annual increase in irrigated land would surpass 

anything experienced in the past, but by 1973 Chile would be irrigating 

all land in Classes I, II, III from Cautín to the north, plus all land 

now under irrigation. This reaches the limit of irrigation without 

terracing the mountains as the Incas once did.-i^ 

One cannot help but wonder how realistic are plans for putting some 
2/ 

90,000 hectares under irrigation each year - in view of the recent record. 

Even without the Chile-California project the planned rate at which 

irrigated land would be augmented each year is 70,000 hectares. The 

government's basis for optimism rests on the expectation of polishing off 

j./ Data on future plans taken from material prepared by Dr. Michael 
Nelson for the Chile-California program. 

2/ 546,000 new hectares plus the "new equivalent" of the improved water 
supply to 850,000 hectares, counting 3 hectares improved as equal to 
one new, or, rounding, 340,000 new equivalent in nine years. 
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a number of projects that have been under construction or study for 

many years -- amounting to some 1.2 Eiillion hectares,—^ exc lus ive of the 

Chile-California Program. In addition to questioning the capacity of the 

government to accomplish its projected rate of construction, one might 

question its wisdom in view of the uncertain state of information re-

garding land resources,—^ water resources, including ground water,—^ and 

the pressure that is likely to develop against available water resources 
4/ 

in the foreseeable future.— 

A Note on the Significance of the State of Data 

A lament over the state of data in Latin America is a stale recital 

of the commonplace. Why then be preoccupied with the obvious? The answer 

1/ CEPÁL, p. 72, 

7j A deficiency that the air photogrammetric project is intended to remedy. 

A deficiency that can hardly be corrected between now and 1973 when 
one considers the short period of record for most rivers in Chile. 
In the hydrologic report prepared by the Centro de Planeamiento of 
the University of Chile (see below), of the eighteen major rivers 
between the province of Cautín (the southern limit of irrigation) 
and the northern boundairyof the country, twelve had a period of 
record that was thirteen years or less. The longest period of 
record, that of the Elqui River, was thirty-four years. The next 
longest, twenty-five years, was for the Rapel. Six rivers had a 
period of record less than ten years. If we assume that all rivers 
will be carefully gauged from now on, by 1973 thirteen will still 
have a period of record less than t\íenty-five years, and the average 
for all rivers of the country will rise from twelve to twenty-one 
years. Furthermore, existing measurements contain an unknown error 
by virtue of the fact that knowledge of ground water is severely 
limited, no record is kept of diversions into irrigation canals, 
and there are no measurements of return flow from irrigation 
diversions. 

4/ See below. 
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lies in the fact that what may be obvious to an insider appears inexplica-

ble to an outsider. Chile's own experts are fully aware of the need for , 

better information. Moreover, the Chilean engineer and scientist are not 

newcomers to the scene. They have themselves repeatedly pointed out the 

need for appropriate data collection and the un<;.ertainties and risks that 

must be borne in the absence of reliable information,i'' Why, then, has 

it not been until very recently that £ serious attack on the data problem 

was begun? A reasonable inference in the face of these conditions is that 

those responsible for making; decisions have not felt that the quality of 

decisions would be materially enhanced if better information were available. 

This, in turn, implies that decisions were based on criteria other than 

those which the economist and engineer consider relevant. If this inference 

is justified, another may follow hard upon its heels, namely that economic 

and engineering studies serve to stimulate a dialogue among economists and 

engineers but have little connection with decisions made by those in 

authority. Recent interest in better data may signal a change.—^ 

The Costs of Water; 

From the study on "Rentabilidad" we can extract an unexpected by-

l! See below, Chapter VII, discussion of paper presented by Raul Saez 
to the Latin American Seminar on Electric Energy, 

l! The strength of the current movement toward more and better information 
will depend upon the insistence of the scientists and engineers them" 
selves that data collection agencies are adequately staffed and follow 
appropriate procedures. For this to happen, at least, according to 
one Chilean scientist there will have to be a departure from the 
prevalent point of view that scisntists do not occupy themselves with 
problems of census-taking and other routine measurements. 
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product. On the assumption of a fifty-year life (residual value zero), 

and an interest rate of 8 percent, we can assume that the annual cost of 

water is approximately equal to 8.17 percent of the capital cost of public 

works plus the charges for current operation and maintenance. (This 

assumes that all costs are incurred in the first year, that depreciation 

is charged on a straight line basis, and interest is charged only on the 

unpaid balance. The sippropriate life span of a structure such as a canal, 

when properly maintained, might be indefinite, but there is always a 

possibility of a saift in land use, hence a fifty year economic life is 

reasonable for both reservoirs and canals. There is also the question of 

whether additional capital on-the-farm costs should not be construed as a 

part of the "cost of water". We shall, however, exclude these, in order 

to compute the "cost of water delivered to the farm".) 

For the current input of tiater per hectare, as already noted, we have 

conflicting estimates. For example, water requirements for vegetables, 

(less than for pasture, fruits, and vineyards, but more than for cereals) 

given by Basso, in cubic meters per hectare per year, are as followsjl^ 

Zone M^/ha/yr 

Tarapacá and Antofsgasta 9,300 

Atacama and Coquiaibo 9,000 

Aconcagua to Linares 6,200 

¡fcble to Malleco 6,000 

Cautín to Aysen 6^000 

1/ See Table IV-1. Since Basse's estimates of current use are con-
servative relative to other estimates such as Dominguss', the "true* 
cost of water might be lower. 
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CEPAL computed water needs by river basin, according to the Blaney-

Criddle formula, weighted by crop, as follows:"^ 

Loa - 7,500 m^/ha 

Elqui - 11,850 m^/ha, including 35 percent loss in canals 

Aconcagua 9,564 m^/ha, including 25 percent loss 

Maipo and Mapocho - 9,902 tn^/ha, including 25 percent loss 

Rapel - 10,156 m^/ha, including 25 percent loss 

Maule - 10,230 m^/ha, including 25 percent loss 

Itata - 12,320 m^/ha, including 25 percent loss 

BJLO-BIO - 10,430 m^/ha, including 25 percent loss 

CEPAL also estimated current water use, apparently at the intake of 

the canal rather than at the point of delivery to the farm, for four basins, 

as follows: 

Rio Elqui - 14,200 m3/ha 

Maipo - 21,200 m3/ha 

Maule - 14,800 m^/ha 

Itata - 15,100 m^/ha 

These represent quantities that range between 20 and 106 percent of 

required amounts, but include inevitable canal losses estimated at 25 

percent of farm requirements. In view of the frequently expressed opinion 

that water is used excessively by the average irrigator vjho possesses 

superior rights and has the water, we might assume that current use is 20 

percent above requirements as computed by formula. The estimated currant 

rates of use on the farm, for the eight basins studied by CEPAL, rounded. 

J./ CEPAL, p. 68 for Elqui; Aneto III for the others. 
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would therefore be; 

Loa - 9,000 m^/ha 

Elqul - 14,400 m^/ha 

Aconcagua - 12,000 la^/ha 

Maipo-Mapocho - 12,000 m^/ha 

Rapel - 12,000 ro^/ha 

Maule 12,000 m^/ha 

Itata - 14,400 m^/ha 

Bio-Bio - 12,000 m^/ha 

Because of differences in elevation of irrigated lands and variations 

in micro-climates of various stations, these figures do not correspond to 

what one would normally expect in going from north to south. We might Just 

as well adopt a uniform value for all basins--say 12,000 m /ha. This 

figure should err if at all, on the low side of consumption. Conversion 

of annual 1962 escudo costs per hectare into 1962 dollars per acre foot 

of annual supply (85 percent security) yields the following:~^ 

Reservoirs, weighted average, excluding 
Laguna del Maule (a natural lake re-
quiring only regulation of the outlet) $5.93 

Canals $4.30 

If we assume that both reservoir and canals had to be built for a single 

project, the averages indicate that the annual equivalent capital cost of 

irrigation water have been on the order of $10.00 per acre-foot--a 

1./ Conversions based on assumptions that 1 hectare used 12,000 m^ of 
water per year, or 4.4. acre-foot per acre, and that E'l.l = $1. 
Annual costs were assumed to be equal to 8.17 percent of capital 
costs. Projects consist of forty-seven projects, less Embalse del 
Maule, studied by ViHarroel and Horn (see Table 3.2 - 2, op. cit.) 
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figure not unreasonably high in view of,the fact that virtually all costs 

have been assigned to irrigation. The charges levied against farmers, 

however, have fallen far short of the costs. 

Villarroel and Horn estimate that on-the-farm capital costs of water 

distributing structures and land preparation fall between E°500 per 

hectare (at 1952 prices) in Tarapaca' and Antofagasta (where all costs of 

land preparation must be incurred by nev irrigated land, since in the 

absence of irrigation the land has virtually no use) and E°100 per hectare 

in the South, inhere only the water distributing facilities have to be added. 

The added cost in dollars per acre foot range from $5 in the North to $1 in 

the South (at 1962 rates of exchange.) 

As noted elsewhere, Villarroel and Horn estimate capital costs per 

hectare on the basis of design area of the project, rather than actual area 

under irrigation. They therefore understate cost per hectare where less 

than the design area is actually under irrigation. Projects that have fallen 

short of design size in the four northern provinces have generally done so 

because of inadequate water supply and poor quality of soil. Thus, 

Caritaya Reservoir designed to hold 42 million cubic meters has never had 

more than 10,000,000.Embalse Lautaro has been empty ninety percent of 

the time. Recoleta Reservoir was built, only to find that the basin failed 

to supply enough water, A supplementary feeder canal was then conistructed 

to supplement the water supply.—^ Cogotjf Reservoir was designed for 12,000 

hectares but has never had enough water for more than 4,6.50 hectares.—^ 

1/ Villarroel & Horn, p. l5. 

2/ Ibid, p. 16. 

3/ FAG, #1622, p. 22. 
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The water supply for Culimo Reservoir is 30 percent less than anticipated.^-^ 

Water yield was overestimated for the Casablanca Reservoirs, as a conse-

quence of which, the authors say, "utilization of the reservoir is low"--

but how low and by how many hectares irrigated area falls below design area 
2 / they do not say.™ 

Since these project-; in the North are unsatisfactory because of 

deficient water supply, it is reasonable to correct the cost per hectare by 
design hectares the factor; We can make this correction hectares actually irrigated" 

for five reservoirs. Costs rise from fifty to a hundred and fifty percent. 

Cost of Water 

Caritaya 

Lautaro 

La I.aguna 

Recoleta 

Cogotí 

Design Cost 

$ 8 per AF 

$11 per AF 

$ 4 per AF 

$ 7 par AF 

$ 7 per AF 

Cost based on Estimated 
Irrigated Area 

$20 per AF 

i/ 
$ 6 per A? 

$11 per AF 

$18 per AF 

The unsatisfactory projects in the South have their fault not in the 

deficiency of water supplied by the main structures, but by inadequate 

development of on-the-farm or other secondary structures. It does not seem 

reasonable, therefore, to adjust the "cost of water" to agree with the area 

actually under irrigation except, perhaps, for the Tutuvin Reservoir. Sr. 

Chavez points out that ona reason for the failure of the Tutuvin to reach 

design size is the high cost of derived canals. It is of this area that 

he adds, however, that "25 percent of the total area is not irrigated only 

1/ Villarroel and Horn, p. 16 
2/ Ikíá.. p. 17. 
3/ Lautaro has been dry most of the time, 
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because the farmers lack interest"."^ On the basis of design size, the 

cost of water would be about $7.-50 per acre foot. If wa usa the photo-

grammetric survey area, the cost would be five times greater. 

It should also be noted that reservoirs built up to now are compara-

tively small. The largest--Cogoti-- -̂ ras designed to hold 150,000,000 

cubic meters, or about 120,000 acre feet. Recoleta, was designed for 

100.000,000 oj- about 80,COO acre feet. Bullileo was designed for 

50,000 acre feet. The remaining seven are smaller. 

There are, apparently, a number of reservoir sites that can retain 

much larger bodies of water. The dam now being built on the Rapel, for 

example, will provide a reservoir of 680,000,000 m^ and Paloma, designed 

to supplement Recoleta and Cogot/, was designed to hold 740,000,000 m^. 

A possibility recently come to light under the aegis of the Chile-

California program is a dam on the Maule River just before it debauches 

into the central valley. This would be the first truly multi-purpose as 

well as largest water resource project ever undertaken in Chile. The 

reservoir would hold 1,500 million cubic meters (twice the size of the 

largest now under construction) and have an installed capacity of 500,000 

KW (100,000 KW more than the largest plant now under consideration). Should 

it be built with all costs of the dam assigned to povjer (which would, on 

the basis of very preliminary estimates, still make It a feasible power 

project)J capital fcocts of the canals would be about E°500 per hectare 

(based on very rough estimates), or in the neighbourhood of $1.25 per acre 

foot of water (assuming four acre feet of water per year per acre and the 

1/ Chavez, op. cit., p. 7 
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current official exchange rate of E°4 = $1.) Marginal costs of water for 

one oi the major agricultural areas of the country are, therefore, esti-

mated at still a relatively low level when financed on a multi-purpose 

basis. The water resources of the Maule have received more attention, 

recently than other basins because of the Chile-California Progranme. 

lihether other basins would reveal equivalent opportunities of water re-

source development if subjected to the same scrutiny is an interesting 

speculation. 

Payments for Water Use;—^ 

Three laws have controlled the construction and repayment of virtually 

all governmental irrigation projects; Law #4445 of 1920, Law #9662 of 1950, 

and Law #14536 of 1960, 

Law #4445 of 1928; 

Salient provisions are as follows. The project must have the approval 

of 33 percent of the irrigators potentially affected. After a trial period 

known as explotación provisional the works are turned over to an association 

of irrigators who begin repayment. Total debt charged irrigators cannot 

This section is a slightly condensed version of a report written by 
Manuel Agosin on the basis of a study of official records of the 
Dirección de Riego. The sample was intended to include all projects 
whose costs were three taillion escudos or more (1962 prices). For 
one—Chacabuco Canal--there were no dataj for two others there was 
no repayment record because they had not yet been completed. The 
remaining eight projects were then supplemented by two others which 
although not of large size were the only ones completed under later 
legislation. The eight projects were Lautaro, Bullileo, Recoletaj 
and Cogoti Reservoirs and Maule, Laja, Melado and Recoleta Canals, 
The two more recent projects are Quillón Canal and El Noviciado 
mechanical 3'rrigation system. Cost data were taken from Villarroel 
(footnote y continued on page V-23) 
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exceed 120 percent of the original planned cost. Although the period of 

explotacio'n provisional is supposed to be no more than three years it can 

be extended; for most projects the period has been extended. During the 

first three years of the trial period the irrigators are assessed pro-

gressively larger amounts in order to cover administration costs. These 

, assessments are 1/2 percent» 1 percent, and 1 1/2 percent respectively, 

of the value of each irrigator's share, (A share is a prorata quantity 

of water based upon the amount of land to be irrigated). After the third 

year the assessment remains at 1 1/2 percent. Assessments are usually 

less than the costs of administration, the deficit being a subsidy by the 

government to the irrigators. Repayment is by level- payments over 36 1/2 

years including a 5 percent interest charge on the unpaid balance. 

Lav #9662 of 1950 

Under Law #9662, irrigators are supposed to pay full monetary costs 

of the works and engineering studies as fixed when construction is com-

pleted. The period of preliminary administration is extended to four 

years; irrigators pay 1 percent the first year, 2 percent the second year, 

and 3 percent the third and fourth years. If there is any difference be-

ween payments and costs of administration it is paid by irrigators together 

(Continuation of footnote page V-22) 
and Horn's Rentabilidad (op. cit.). Repayment data came from records 
of Dirección de Riego. The information is, more accurately, not a 
record of repayment but of amounts charged the irrigators. Actual 
payments are about 75 percent of amounts billed. (Interview with Luis 
Larroucau V., Ing., Head Departamento de Explotacián,' Dirección de 
Riego.) 

All payments and costs were converted to 1962 escudos, a year in which 
the estimated parity rate v/as approximiately E°l = US$ 1. 
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with and in the same conditions as the principal. The debt is repaid 

starting from the fifth year after the beginning of the preliminary 

administration period. The interest rate on the unpaid balance is 1 

percent the fifth year, 3 percent the sixth year and 5 percent, the seventh 

year and after. The amortization period is 30 years. 

Law !?14535 of 1960 

This law introduced substantial changes. Investments and payments are 

to be readjusted annually by the wholesale price index published by 

Dirección de Estadística y Censos. It restored the limit of 120 percent 

of the budgeted cost for the debt. The interest rate on the unpaid balance 

is 5 percent and the amortization period is 30 years. Other conditions 

were not modified. 

Most works, because of their long construction period, are affected 

by more than one law. There is no single criteria to follow in determining 

what law applies to a project whose construction period extends over two 

laws, but usually—especially whan the work has been constructed under Lav/s 

#9562 and #14536-- the investment is divided and each portion is reimbursed 

according to the law under which the investments were made. Sometimes a 

project is recontracted with the irrigators. In some cases when a unit 

was begun under Law #4445 and finished under Law #9662, so that parts could 

not be _prorated to each law, applicable features were taken from both laws 

and fitted to meet the interest of the irrigators. Most of the works in 

our sample are of this type. 

Under Law #4445, the debt to be reimbursed was settled before the works 

were built, and repayment bagan after preliminary administration. Under 

Law #9662 the debt was set at the completion of the work and irrigators had 
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to pay full money costs. In both cases, especially under the earlier law, 

Inflation lightened substantially the weight of the fixed money debt. If 

the costs had been paid in full the year that irrigators began repayment, 

the state would have already lost a large amount. Table V-2 shows the 

periods of construction and preliminary administration and Table V-3 com-

pares costs incurred by the government and value of debts assumed by 

irrigators the year reimbursement began, in escudos of December 1962.—^ 

Charges" to irrigators of works completed under Law #4445 covered only 

36 percent of their money costs.- If these debts had been paid in full during 

the first year of repayment, because of inflation between the beginning of 

construction and the end of "preliwinary administration", only 6 percent 

of real costs would have been covered. As to the two newer works (affected 

by Law #9662), the law provides for a debt equal to money costs. But if 

the debt had been paid when repaymént began, the state would have recovered 

only 13 percent of the real costs of resources, invested in these works. The 

long period of repayment further reduces its real, value. Sometimes the 
• ' ». 

materials used to prepare the invoices are more expensive than the amounts 

paid. The Departamento de Explotación of Dirección de Riego has estimated 

the cost of these materials as one-half escudo per invoice, without con-

sidering the labor costs involved, while in many instances the yearly pay-
2 / ment of irrigators is considerably lower than this amount.— 

l! Cost figures present some irregularities: (1) for Recoleta Dam and 
Canal it was not possible to distinguish between construction and 
preliminary administration costs; (2) in many cases, preliminary 
administration costs include costs of complementary works, which 
should more accurately be considered as construction costs; (3) 
costs of project studies are not available. 

2! Information furnished by Sr. Larroucau. 
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Table V-2 

CONSTRUCTION AND PR.ELIMIKARY ADMINISTRATION PERIODS 

Construction Preliminary 
Adainis tration 

Lautaro Reservoir 1929-46 1946-50 

Bullileo Reservoir 1929-49 1949-53 

Cogot£ Reservoir 1928-46 1947-50 

Laja Canal 1916-30 

Maule Canal 1916-30 1931-50 

Melado Canal 1916-32 1933-53 

Recoleta Reservoir 1929-40 1940-50 

Recoleta Feeding Canal 1942-49 1949-53 

"El Noviciado" Mechanic 
Irrigation System 1953-55 1956-59 

Quillón Canal 1951-59 1960-63 
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Table V-3 

COSTS AND IRRIGATOR DEBTS, SELECTED IRRIGATION PROJECTS 

Debt for Construc- Year in Debt for 
Construction construc- tion costs which construc-
costs (in tion costs (in E® of debt tion in 
of each year) (in E° of. December reimburse- E° of 

each year) 1962) met?;'. December 1962) 
began 1962 a/ 

Works under 4445: 

Lautaro Reservoir 17,655 4,000 3,550,807 1950 114,000 
Bullileo Reservoir 80,463 30,125 8,408,211 1953 430,486 
Cogot£ Reservoir b/ 29,443 1951 641,563 

New Shares b/ 105,347 8,226 1 0 , 6 9 9 , 0 2 5 1954 74,939 
Huana Canal b/ 771 1954 7,024 

Laja Canal 10,210 6,013 3,908,054 1935 1,018,602 
Maule Canal 20,639 14,763 8,270,551 1949 493,084 
Melado Canal 31,320 11,027 11,113,081 1949 368,636 
Recoleta Reservoir 30,229 14,617 6,643,687 1951 318,504 
Recoleta Feeding Canal 94,388c/ 22,544d/ 4 , 7 5 1 , 4 3 a 1953 322,154 

Subtotal 390,251 141,529 57,344,854 3 , 7 8 8 , 9 9 2 

Works under 9662: 

"El Noviciado" Mechanic 
Irrigation System 40,116 42,772 293,846 1960 55,176 

Quillón Canal 278,540 292,533 1,260,538 1964 149,484 

Subtotal 318,656 335,305 1,554,384 204,660 

Total 708,907 476,834 58,899,238 3,993,652 

a/ Amount that would have been reimbursed in E° as of 1962 if irrigators had 
paid the full debt the year repayment began. 

b/ Cogoti Reservoir, New Shares, and Huana Canal are sub-divisions of the same 
~ project; costs should be interpreted as applying to a single project. 

c/ Includes preliminary administration costs of the reservoir and the canal, 

d/ Includes debt for difference between payments and preliminary administration 
costs. 
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Table V-4 compares what the state has charged irrigators with vrhat 

should have been paid to offset the decline in value of the escudo. 

"Service of Debt A" is included in order to complement Table V-3. 

"Service of Debt A" indicates what irrigators would have paid in escudos 

of constant value (E° of Dec. 1962) in order to meet the contractual 

obligation fixed by the state, even though this amount was less than full 

real costs. "Service of the Debt B" shows the quantities the irrigators 

would have paid up to 1964, in escudos of December 1962, if they had been 

paying full costs. We have assumed that preliminary administration costs 

should have been repaid the same year the government spent the money, since 

if there had been no preliminary administration period, the irrigators would 

have had to assume responsibility. 

The situation is not too dissimilar if we consider separately the 

works constructed before and after 1950. The strikingly different ratios 

of "Service of Debt A" to "Service of Debt B" can be explained by the fact 

that the debts or works finished after 1950 are fairly recent. 

The joint effects of inflation and rules fixing the liability of 

irrigators meant that irrigators paid 3 percent of total real costs under 

laws that ostensibly call for full reimbursement. The estimated subsidy 

for the sample group of projects is about 53 million escudos of December 

1962 (about §53 million US). 

Most of the subsidy has gone to a relatively small number of large 

landowners.i^ 

If Analysis based upon distribution of shares to water taken from 1965 
payment records. Each share is a unit related to a unit of land 
into which total irrigable land of the project is divided. Usually 
the unit of land is one hectare, and the share is its prorata 
allotment of water. 
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Information was available on distribution of shares by size of 

holdings for seven projects. (See Table V-5). El Noviciado was the only 

project that benefitted mostly the small farmer. In the remaining projects 

the small irrigators in the aggregate constituted a minority interest of 

shares, and sometimes a very small minority at that, although accounting 

for the largest number of holdings. 

There is no reason to suspect that our sample was in any way unusual, 

A comparable study should be made of all projects, supplemented by in-

formation and analysis of payments actually made by irrigators. It would 

be interesting to know whether those who fail to pay are among the large 

landowners or the small. 
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Chapter VI 

PROJECTION OF AGRICULTURAL WAl-ER USE 

The dominant use of later In Chile is for irrigat.ed agriculture, A 

clear understanding of the agricultural economy - prospective demands end 

prices of outputs, production functions, and prices of inputs used by the 

agricultural industry - pre essential for rational planning of water re-

sources. Very little information is available. Accordingly, our estimates 

of agricultural water use are based upon the foUowing assumptionsj 

1. Agricultural output will respond to changes in doaiestic 

demand with an additional response to changes in iiaport 

policy. 

2. Irrigated and dry land production will share proportionately 

in any projected change in production subject to land and 

water limitations. 

3. Increases in demand will be met first by bringing available new 

land into use; if land and water resources are limited, pro-

jected deficits in new production will be met by increases in 

output per hectare. 

We tested two methods of projecting dsraan!l and found th.tt tĥ y yielded 

approximately the sama results. By one method per capita cousumption of 

agriculturóil products was projected on the basis of an averagn coefficient 

of income elasticity of demand equal to .45, and the results adjusted to 
1 / take population change into account.— 

1/ Based upon income elasticity coefficients for separate products 
supplied by the Center fcr Economic Research, Catholic University. 
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Thtí other method consisted of ettablishiag a rfilaticnship between 

aggregate consumptiou of agricultural products and par capita gross 

national prodiict from his^.orial data, excluding products not producible 

in Chile, and projecting that relationship to 1985, coupled with projec-

ted population charge.—'' 

The implicit 'ilastici'-y of demand for agricultural products as a whole 

of the second inodrl coincided exactly with the weighted average eiastioity 
2/ 

of demand used in the fir&t method.— 

The overall demand for agricultural products, aosuming an average 

income elasticity of demand of .45 and an average annual increase in 

population of 2.43 percent, would grow by 86 percent if GN? grows c.t the 

rate of 3.75 percent per year, (the growth rate expcriencad in recer.t 

decades) or by 118 percent if GK? grows at 5.5 percent per year, the goal 

of the Chilean government. 

lir. Kolcen's estimates, based on the relatioaship betV7een changes in 

per capita consumption of agricultural products and per capita GNP as 

observed between the period 1941-1958, and based upon a population growth 

rate of 2.57- and a per capita GNP growth rate of 27», yielded a total in-

crease in consumption avTiountiag to 157% over the 1958 level, or an annual 

rate of increase slightly less than is implied by a of 1187» in 21 

years. 

Thus, so far as demand for agricultural products is concerned, there 

is reason to believe that the next two decades should see an approximate 

_!/ This model was constructed by John E-jlsen, Economic Adviser, U.S. 
AID Mission in Chile. 

2! This weighted average was computed for the seven most important 
agricultural products, measured by raoney value, which altogether 
comprised 83 percent of the total market value of output. 
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doubling of total demand - a little less if GKP grows at the historical 

rate, a little more if it grows in accordtnce v;ith present plans. If 

the path of growth moves at the lower rate there will still be a dietary 

deficiency in terms of FAO standards unless imports per capita rise. One 

objective of present government planning, hcwevar, is to eliminate the need 

for importing the foods and fibers that Chile can produce: wheat, meat, 

oils, and other temperate climate products. Total imports of agricultural 

products currently amount to approximately $150,000,000,"^ of which some-

thing more than half, (about $82 million per year during the period 1961-63) 

are import substitutable. 
2 / 

If we accept Chilean plans as a basis of estimating output,—' tLereforej 

we should add to the growth of total demand another $85 million, or about 

14 percent of the 1960 level of production, Kence, even if per capita 

incomes should grow at the low rate of 1.29 percent per year,-'^ planned 

1/ Statistics of the Departamento de Economía Agraria for August 1964 in 
the possession of Mr. Holsen indicate that imports during 1961-63 
averaged $137 million; the current rate of importation is somewhat 
higher, according to preliminary estimates. Of total imports, during 
1961-63, about $82 million consisted of cereals, sugar, tobacco, meat, 
milk, wool, hides, and edible oils, all of which are produced in Chile. 

2/ We make no attempt to evaluate the merits of Chile's objective of 
eliminating the importation of foods and fibers which they are "capable" 
of producing at home. "Capability" is, of course, a concept that is 
meaningful only within the context of comparative advantage and balance 
of payments restrictions. The feeling that Chile should produce its 
non-tropical agricultural "requirements" probably stems from the 
assumption that it could do so without strain (i.e. without unduly 
high marginal costs) if the agricultural sector were functioning at a 
reasonable level of efficiency. However, this assumption should itself 
be examined, (see below, Ch, XVI, on implied increases in output per 
hectare), even though it may seem plausible. 

_3/ On the assumption that growth in per capita income is the same as the 
growth in per capita GNP. 
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production would have to double in order to meet current Chilean objectives. 

Estimates made o£ the projected increase in demand translated, product 

by product and province by province, into required land under irrigation, 

based upon the joint effects of income elasticity of demand, projected 

increase in family income, and change in size of population, yielded a 

requirement for 2.6 million hectares of irrigated land under the assump-

tion of the low rate of increase in GN?., and 3.0 million hectares at the 

high rate, without taking into account the reduction of imports or elimina-
2/ tion of existing dietary deficiencies.— 

11 On the assumption that irrigated land would increase in the same pro-
portion as the projected increase in demand for products now produced 
on irrigated land. Estimates made by the Center for Economic Research, 
Catholic University; unpublished. 

2! An implied rise in per capita income would presumably afford a better 
diet. The dietary deficiency has not been translated into a fraction 
of total agricultural output, although this could be done with the 
data that are available. For specific food classes, average per 
capita dietary deficiencies were noted to be as follows as of 1961. 
(Because of the very unequal distribution of income in Chile, and the 
possibility that the well-off eat too much, the average deficiency 
may understate the degree of undernourishment that actually must be 
overcome.) 

Food Percent by Which Available Per • 
• Capita Supply Falls Short (-) 
or Exceeds (4) IUnimure Requirement 

Milk, all forms except butter -42% 
Eggs - ^ . , -13% 
Legumes -28% 

.. Potatoe;i . . -42% 
Vegetables -20% 
Fruits -2:8%. 
Sugar +107% 
Cereals +17% 
Meat + 8 % 
Fish -75% 
Butter, oil and animal fat + 5% 

Source: See page VI-5 
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VJe shall aasume that at the low rate of income growth half of the 

dietary deficiency will be eliminated, and at the high rate of incotne 

growth, all. To the low rate of projected increase in demand we can add 

another 15 percent in needed additional output to account for dietary 

deficiency plus another 15 percent: to account for what is needed to 

eliminate the import deficit. Total demand would then be about 115 percent 

above present levels at the low rate of incoae growth. Even if we Ignored 

land requirements for elimination of dietary deficiencies and present im-

ports, the requirements for irrigated land would be 2^644,000 in 1985 at 

the low rate of GKP growth (3.75 percent) and 3,039,000 at the higher rate 

(5.5 percent). Assuming that these requirements are distributed in pro-

portion to present irrigated hectareage results in the distributions given 

in Table VI-1. 

Land presently under irrigation, as noted previously, is not a precisely 

established figure. The photogracmetric survey classified 1,204,862 

hectares as lend "irrigated" and 708,332 hectares as land of mixed character, 

Source; (Continued from page VX-4). CORFO, Programa nacional de desarrollo 
eeonomcó, 1961-1970. p. 7G. Hansen. Baeza, >iad Parker, 
Preyecciones de la Denanda de Agua 7 su Repartición Geográfica 
para los Pioxiinos 20 Afios, Ministerio de Obras Publicas, Santiago, 
1962, pp. 116-117, converted the dietary requiremcuts into a 
weighted average of .55 hectares per inhabitant and concluded that 
instead of an expansion in irrigated area of about 809,000 
hectares (by 1982), as revealed by governmental piano, the expan-
sion should be greater by about 678,600 hectares. Since he as-
sumed that 1,400,000 hectares were already under irrigation, the 
additional required hectareage over the expansion already planned 
amounted to 678,600/2,209,000, or thirty-three percent. 

1_/ In recognition of the 12% percent increase ia per espita demand that 
will remove roughly one-half of the dietary deficiency. 
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Table VI-1 

IRRIGABLE HECTAREAGE REQUIRED CK BASIS OF PRO.TECTSD 1985 

Growth in GN? 

3,75% 5.5% 

Tarapaca 21,330 24,101 
Antofñgasta 8,478 9,542 
Atacama 40,369 46,220 
Ccqulrobo 198,580 235,014 
Acor.cagua 143,794 167,365 
Valparaiso 91,284 100,960 
Santiago 407,169 474,418 
O'Higgins 316,630 368 762 
Colchagua 151,517 173,453 
Curico 129,952 149,607 
Talca 255,551 291,722 
Maule 4 902 5,783 
Linares 269,797 301,532 
guble 209,184 235,923 
Concepción 137,142 139,373 
Arauco 1,383 1,592 
Bâ o-Bio 138,384 155,903 
Malleco 34,139 91,133 
Cautín 33,792 39.467 

TOTAL 2.643,991 3,038,880 
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either because of low senurity of víater supply or problems of micro-relief. 

CORFO estimated the amount of land under irrigation as being in the 

neighborhood of 1,400,0© hectares, A figure somewhere b^twesn 1,2 and 

1.9 million hectares is the measure of land under irrigación ir» a "normal" 

year. In a relcstively wet year the amount vould approach 1.9 million; in 

a relatively dry year, 1.2 million. 

It is reasonable to assume; a greater relative growth in cultivated 

irrigated land than cultivated dry land ^ithir. the limits of land and 

water availability. If productivity per unit of land is to increase, more 

fertilizer, better seed, better weed control, and better methods of 

cultivation must be adopted. The increased investsent per hectare that 

higher yields demand is likely to be placed on irrigated rather tYw-n dry 

land, because of the greater assurance of an adequate supply of water,—'' 

Unfortunately Chile cannot expand output simply by putting dry land under 

irrigation. There is neither enough land nor encugh xíster to alloxr irriga-

t£d areas to expand in proportion to the expected increase in required 

production. For this reason a first approximation to the demand for 

water for agriculture can be made by assuming that all irrigable land will 

be irrigated in 1985, 

Wa have taken as a Hieasure of "all irrigable land" the total area of 

the following three groups of land capability classes in all provinces 

esiter.ding northward from Cautin,—^ 

l! This point is miide by John Hclsen. 

2/ Based upon the air pfiotograrametric survey. Tables prepi'red by the 
Instituto de Investigación de Recursos Naturales, Miguel Ruiz-Tagle P., 
Executive Director, The survey excludes the two northernmost 
provinces. For these we have adopted estimates prepared by other 
agencies. 
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a) all land classified as Ir» llr, Illr, IVr - i.e. land already 

under irrigation with relatively secure water supply; about 

1,2 mill ion hectares. 

b) all land in caixed irrigated-dry classes; about 700,000 hectares. 

c) all land in classes I, II, III, (dry, arable); about 540,000 

hectares. 

The total o£ these groups is 2.5 million hectares, exclusive of land 

in the two northernmost provinces.""^ A figure of 2.5 million hectares 

is likely to be an overstatement, but the magnitude of overstatement 
2/ 

cannot yet be ascertained.— At a guess the overstatement is equal to 

40 percent of the land in Class III which would be about 200,000 hectares. 

Ruiz-Tagle has expressed an off-hand opinion that total irrigable land 

is in the neighborhood of 2,0 million hectares. Plans of the Direcclén 

de Riego for expansion of irrigation call for 546,000 hectares of "new" 3/ irrigated land and 855,000 hectares of ''improved" irrigation,—' which 

would iraply 2.5 million hectares of irrigable l.and. We have, in our lacdel̂  
4/ adopted the figure of 2.5 ruillion hectares> as shotín in Table VI-2. 

X! Irrigable land in the provin' es of Tarapaca and Antofagssta was 
estiraated at 13,400 hectares by the Centro de Invest.'gcciocies 
Econoiaicas of the Catholic University. 

7/ The Institute de Investigación de Recursos Satúrales is now attempt-
ing to msast-re the quantity of irrigable land without being dis-
tracted by the question of whether water is or is not available. 

Table prepared by I'lichael Nelson, Economic Adviser in Regional 
Planning, Chile-California Program. 

4/ This is a much smaller figure than has previously been used. For 
example, the CEPAL report estimated that "total irrigable land" that 
"required irrigation" amounted to 7.2 million hectares, op., cjt. 
pp. 68-69, 
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Table VI-2 

IRRI<3A3LH LAf?D TÍIAT REQUIRES IRRIGATION 

Hac^ree 
T̂ r̂ pp-cá 10,773 
Antofagasta 2,626 
Atacama 27,288 
Coquimbo 113,023 
Aconcagua 63,032 
Valparal'so 65,5̂ 9̂ 
Santiaso 283 83?. 
O'Higgins 170,280 
Colchagua 152,114 
Curico 88,644 
Talca 193,936 
Maule 31,378 
Uñares ' 244,499 
guble 260,413 
Concepción 65,956 
Aruco 7.9,187 
Bi'o-B'o 142,756 
Malleco 259,140 
Cautín 302 921 

TOTAL 2,507,429 
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An increase in irrigated area to 2.5 million hectares iciplies that 

irrigated hectareage will grow by e.pproximately 66 percent. This grovth 

is at the expense of land now bein^ put to other uss - tncsvly natural 

pasture or dry land cultivation - except in the northernmost provinces, 

where production from dry land is zero. We have no data on the net 

ch:-nge in total production that should be expected as land is transferred 

from dry to irrigated, nor do we have enough data to estimate by how much 

productivity per irrigated hectare and per dry hectare must increase in 

order to meet projected goals. On the basis of indirect evidence we 

have constructed estimates of both. (See below). 

Water requirements for iirigation vrere cotr.puted in the ioll'jwing 

manner. The so-called "tasa de riego" (ratea of irrigation) estimated 
1/ 

by Professor Patricio Carmona, measured the water requirement at the 

he-ad of the "field" for six classes of crops and five zones. (See Table 

VI-3). This figure gave us neither the "diversion requirement" nor the 

"net consumption", since the tasa de riego was estimated to exceed the 

plant's evapotranpiration requirements by about 30 percent, but failed 

to include losses on the farm to the field and losses from the point of 

storagé or diversion to the ff.rrp.. In order to compute net and gross ra-

quirements we followed the practice of the U.G. Department of Agriculture 

in their estimates of water requirements for irrigated farming in 2Í California, based on technology of water use expected in 1980." Present 

1/ Professor of Irrigation, Catholic University, Santiago. 

I'̂ nd and Water E'otentials and Future Requirements fqr/A',3ter, 
Cotmnittee Print #12, U.S. Senate Select Committee on National 
Water Resources, Washington, 1960, pp. 17-18 and p. 67. 
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Table VI-3 

"TASA BE RIEGO" 

(Thousands of cubic meters per hectare par year) 

ZOÍÍE 

Crop 
Tarapacá & 
Antofagasta 

Atacasaa 6c 
Coquimbo 

Aconcagua- Rtible 
Linares Malleco 

Cautín 
'& Scuth 

Cereals 6.0 5.5 5.0 2.3 -

Vegetables 10.0 10.0 10.0 6,0 5.0 

Fruits 12.0 10.0 5.0 8.9 5.0 

Vineyards - 12.0 9.0 - -

Pasture 15.0 12.0 11.0 8.5 5.0 

Rice 17.0 

< 

Source: Professor Patricio 
Research, Catholic 

CaiMoaa, prepared for 
Ürivercity. 

the Centsr for Kconomic 
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vater use in Cmile is considered to be extravagant. Professor Gamona's 

"tasas" are designed to be conservative in the implied imprcvesicnt in 

efficiency, but are clearly below estimates of current of use. 

There ara no estimates for Chile of diversion requirements or net losses. 

Gross (or "diversion") requirements were computed by applying the 

f!'Ilo'víirí.g sdjuatmeats to Professor Carciona's '•tasas"; 

"tasñ" 1.3 ~ plant retjuirsment 

plane requirement f .55 = water required for delivery to the farm, 

Vr2:ter required for delivery to the farm f .55 ~ diversion requirement 

(diversion requirement-plant requirement) 7 2 = amount of water 

recovered for subsequenc use. 

diversion requirement-amount of water recovered for subsequent use 

net loss. 

Ey applying these ccmpur,5.tion3 -to Cartiona's "taeas de riego", 

weighting each crop class by the relative importance of estitnated hectare-

age devoted to each according to CORFO's 1958-59 estiffi;ited output,-'^ 
Xv'ere able to compute average gross and net water requireneats per hectare 

-j/ 
by rone.-" The figure for a zone was then assigned to all provinces in 

that zone. (Table VI-6), 

Si'Ace p;.sture requires more wAter than most other crcy '-, a shortage 

of water might result in a greater reduction of pasture than other crops. 

S?:ould Chilean farmers raise average output per hectare, thu ui-s of 

irrigated ratural pasture T̂ Tou7d be red'jced to a negligible quantity, since 

1/ Based on data prepared by Maciej Zaleski. See Table VI-4. 

2/ Columns headed "Rates in Table VI-5. 
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Table VI-4 

PERCENTAGE DISTRIBUTION OF IRRIGATED LA!© BY Í14JCR CLALl CF CEOP 

I. 1958-59 Crop Mix 

Tarapaca & Atacarca- K3;jle- Arauco • 
AntofaEasta Linares uío-BÍo Malleco 

Cereals 36.5 34.7 22.4 
Vegetables 17.1 4.4 2.0 16.0 
Fruits 5.1 3.6 1.5 23.5 
Vineyards 4.4 0.6 -

Artificial pasture 5^.5 23.7 27.1 2.0 
Natural pasture 2i3.3 27.4 34.1 36,1 

II. 1958-59 Crop trii3! ; after el itniuatinp: 
natural pasture 

Cereals 46.8 50,0 28.9 
Vegetables 25.0 5.6 2,9 20.7 
Fruits 7.4 4.6 2.2 30.4 
Vineyards - 5.6 0.8 -
Artificial pasture 67.6 37.4 44.1 20,0 

1/ In Cautín provi uce the ''t.-iss de riego" was 5,000 cubic •,7!etei:.3 per 
hectare per year for all crops. Ths regional division ifi 
slightly different froai that used in Table VI-3, but this does 
not introduce a significant error. 

S'.urce; Tables prepared by Maciej 2s.l&ski frota data in COP.FO files. 
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Table VX-S • 

COMFUTATION OF DIVERSION At® NET LOSSES FROM IRKIGAIION BASED 

ON "TÎ SAS DE RIEGO" 

(thousands of cubic I'-eters per hectare per year) 

FAXES I 

Zone 

Weighted" 
Average 
"Tasa de 
Rieao" 

Plant 
Use 

Farm 
Require-
ment 

Gross 
Use 

Gross 
Plant 
Use 

Gross 
Flant 
Use 
i 2 

Net 
Use 

Tarapac^ 6c 
Antofagasta 14.0 10.8 19.6 35.6 24.8 12.4 23.2 

Atacama-
Linares 9.1 7.0 12.7 23.1 16.1 8.1 15.1 

Maule-BÍo BÍo 6.3 4.8 8.7 15.8 11.0 5.5 10.3 

Arauco & Malleco 6.8 5.2 9.5 17.3 12,1 6.1 11,3 

Cautín 5.0 3.8 6.9 

Rrvrss II 

12.5 8,7 4.4 0.2 

Tarapacá f.<, 
Anv:ofs¿í'iSta 13.5 10.4 1C.3 34.4 24.0 12.0 22.4 

Atscííma-
1.Í nares 8.5 6.5 11.0 21.5 15.0 7.5 14.0 

Maule-Llio EÍo 5.3 4.1 7.5 13.6 9.5 4.8 8.9 

Arauco ci Malleco 5,3 4.8 8.7 15.8 11,0 5.5 10.3 

Cautj'n 5.0 3.8 6.9 12.5 8.7 4.4 8.2 
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Table VI-6 

RATE3 OF \V?,.TER .USE PER HECTARE PER YFAR 

(Thousand M^) 

Rates T Rates II 

Gross Net Gross Net 

Tarapaca 35 ..6 23.2 34. 4 <¿<¿. 4 

Antofagesta 35.b 23.2 , 34. 4 22.4 

Atacama 23.1 . 15.1 21. 5 14.0 

Coquimbo 23.1 15.1 21. 5 14.0 

Aconcagua 23.1 15.1 21. 5 14.0 

V&lparaiso 23.1 15.1 21. 5 14.0 

Santiago 23.1 15.1 21. IC 14.0 

O'Higgins 23.1 15.1 21. • 14.0 

Colchegua 23.1 15.1 21. .5 14.0 

Curicó 23.1 15.1 21. 5 14.0 

Talca 23,1 15.1 21. 5 14.0 

ffeule 15.e 10.3 13. 6 8.9 

Li-nares 23.1 15.1 21. .5 14.0 

Sable 15.3 10.3 . 13. 6 

Concepcion 15.8 10.3 13. 6 8.9 

Arauco 17.3 11.3 15. ,8 10.3 

Bio Bio 15.S 10.3 13. / o 8.9 

Ms lieCO 17.3- 11.3 15. 8 10.3 

Cautín 12.5 8,2 32. 5 8.2 
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its productivity is mich lower than that of a-tí^icial pasture^ In order 

to show xihat effects such changes uxght have on water requiretteuts^ re-

vised gross and net rates per hectare y were esti.matsd on the assumption 

taat 1958-50 product nix was modified b;/ aliminating natural pasture and 

dividing it equally batwsea artificial pasture m the one hand and all 

other crops cn the other. This changa in product mix would reduce gross 

water requirements per hectare by amounts ranging between zero and four-

teen percent; about 7 percent in the central par.-, of the central valley. 

Total v;ater requircBients for agriculture were computed by toultiplying 

irrigable hectareage by ths diversion and net raqv.ireraents per hectare. 

Tu'ii results are given in Tabla VI-7. 

By computing irrigation reqvilre:r.snts on the bncis of total irrigable 

land we are assuming that the area under irrigatioA in any province be-

tween Cauti'n and Tarapaca is a function of total r ttional deaiaad i?ubject 

to land and vaster coiTStraintg^ and not a function of local or jsrovincial 

cetaand̂  This assuraption couform.s reasonably well to the present situation 

acd is likely to be even more applicable in the fu'iure. 

In addition to irrigation -íe have inclvided an estimate of water re-
2 / 

qaireaents for livestock,— The requirements are very Gn:all in compari-

son with irrigation. (See Table v'I--8). We have asaumed that water in-

take by livestock is equal to water loss - tv3 have given no credit 

for return flô N-, Also, we have assumed that livestock use vas divided 

evenly over the ynar, and did not conforc! to the seasonal pa;:tern set 

1/ See Rates II, Tables VI-5 and VI-6. 

2/ Estimate prepared by the Center for Econcmic Research, Catholic 
University. 
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Table VI-7 

AGRICULTURE (IMICATION) DIVERSION REQUIRE'lvíEMTS 

AKD i m LOSS FOR IRRIGABLE Î IÍCTAREÍIGE ' 

(Thousand cubic meters per year) 

RATES I 

1958-59 mix 

RATES II 
1958-59 nix after eliminating 

natural -pasture 
Df'vssrsion Net Divereiop ÍJet lo-sa 

Tarapaca 383,519 249,93,4 370,591 241.315 
Antofagasta 93,486 60,923 90,334 58,822 
Atacajna 630,553 412,049 586,692 382,032 
Coquiabo 2,610,831 , 1,706,647 2,429,995 1,582,322 
Aconcagua 1,457,452 952,689 1,356,478 -5 83,'288 
Valparaiso 1,514,182 9S9,790 i,409,304 917.686 
Santiago 6, 5%,981 4,286,165 6,102,818 3,973,928 
O'Hisgins 3,933,468 2,571,228 3,661,020 2,383.920 
Golchagua 3,513,333 2,296,921 3,270,451 2,129,596 
CuriCO 2,047,676 1,338,524 1,905,846 1,241,016 
Talca 4,479,922 2,928,434 4,169,624 2,7l5,x04 
fifeule 495, 772 323,193 426,741 279,264 
Linares 5,647,927 3,691,935 5,256,729 3,422,986 
ÍJuble 4,114,557 2,682,275 3,541,644- 2,317,694 
Concepción 1,042,105 679,347 897,002 587,008 
Arauco 504,935 329,813 461,155 300,626 
BÍo BÍo 2,255,545 J,470,337 1,941,482 3,270,528 
-Walleco 4,483,122 2,928,282 4,094,412 2,669,142 
Cautín 3,786,513 2,483,952 3,786,513 2,483,952 

TOTAL 49,552,179 32,382,488 45,758,831 29,840,229 
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Tnble VI-S 

EEQUIFúEíffilNTS FOR THE WATERINa OF I,]:\rESTOCK. 198'' 

(Thousand cubic meters per year) 

Tarapacá 731 
Antofagasta 412 
Atacama 946 
Coquimbo 8,021 

Aconcagua ) 
Valparaiso "i 

! 5,214 

Santiago 9,345 

0'Eiggins ) 
Colnhagua ) 8,691 

Curico ) 
Talca ) 13,312 
I/feule ) 
Linares ) 
Suble ) 4,065 

Concepcion ) 
Arauco \ 

) 
Bio Bio ) 33,150 
Malleco ) 
Cautín ) 
Valdivia J 
Osorno ) 28,739 
Llanquihue ) 
Chiloé 4,652 
Aysén 8,338 
í,!d,lailanes 22-627 

TOTAL 14s,503 

•finî rcg: Center , for Economic Reseai'ch, Catholic University 
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by irrigation. , . 

Because of the wide swing in viiter use from season to season, and 

the fact that in spme basins the natural variation in flow coincided with 

needs whereas in others followed almost an inverse pattern, the quantity 

of required storage could not be ccTiputed directly as a function of re-

quired minimum flows.. Total water requirements were computed separately 

for each month on the assumption that all uses except irrigation were 

evenly spread out over the year. The seasonal.distribution used for 

irrigation is given in Table VI-9, 

Production from Dry and Irrigated Land 

If we could estimate how Chile's agricultural output was presently 

divided between Irrigated and dry land, and could estimate the possi-

bilities of expanding land under cultivation - irrigated -and dry, we could 

estimate the increase in output per hectare required to me^t Chile's pro-

duction goals.—^ 
2 / 

Villarroel and Horn's study, "Rentabilidad",-̂  contains estimated 

weighted average productivities of irrigated and dry land converted into 

units of "wheat equivalent", which is the yield of each product in metric 

quintales—^ per hectare multiplied by the ratio of the price of the product 

over the price of wheat. Villarroel and Horn computed" weighted average 

JL/ We must also keep in mind the fact that Chile's internal price rela-
tionships have been subjected to controls, and that changes in such 
, relationships will affect aggregate value of output either directly 
or by inducing a change in product mix, or bbth. 

It See'Table on page 39, op. cit.. and related discussion. 
3/ One metric quintale is equal to 100 kilos in Chile. (Its size is 

not uniform in all countries.) The abbreviated designation is "qqm". 
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yields in this way for each irrigation project and adjacent dry land^ 

based upon census data of hectares seeded and yields in each comuna. 

The objections raised above to the productivity measurements of 

Villarroel and Horn and the use of such measurements in determining the 

added productivity of land put under irrigation by the Dirección de Riego, 

do not apply to the use we are now aaking of their computations 

Because Villarroel and Horn made no measurements for provinces south 

of Cautfn, except for one small project in Aysen, we assumed that produc-

tivity on unirrigated land in the provinces of Valdivia, Osorno, and 

Llanquihue was the same as in the four provinces to the north. The same 

productivity was assigned to Chiloe, Aysén, and Magallanes as Villarroel 

and Horn computed for the comunas adjacent to the Canal Chile Chico in 

Aysén. The average for a zone was then assigned to each province in that 

zone. The resulting productivity measurements are shotm in Table VI-10. 

They reflect not only the yield in physical terms but the prices that 

prevail for the crops that are grown. For this reason a change in crop 

mix or a change in price relationships among agricultural products can 

affect the productivity coefficient. 

Productivity estimates reflect e difference of lOOsl between irri-

gated and dry land in the north (v/here the only dry land that c&n be 

used are the Andean slopes for seasonal grazing) and a difference of about 

2.3:1 In the provinces at the southern limits of irrigated agriculture. 

In the six provinces centered around Santiago the ratio is approximately 

5:1. 

By applying the Villarroel and Horn productivity coefficients to land 

_1/ The objection was that their measurements were comuna averages of all 
dry and irrigated land, respectively, and failed to give due regard 
to the differences in productivity of land specifically selected for 
the Dirección de Riego projects. 
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Table VI-10 
ESTIMATED PRODUCTIVITY OF IRRia\TED MD DRY LAND 

, EXPRESSED IN MTRIC QUINTAINS OF WHEAT EQUIVALENTS ^ 

Irrirated Dry 
Tarapacá! ., 50.0 0.5 
Antofagasta 50.0 0.5' 
Atacaba , 50.0 0.5 
Coquimbo :30.0 2.0 
Aconcagua 22.5 4.6 
Valparaiso 22.5 4.6 
Santiago - 22.5 4.6 
O'Higgins 22.5 4.6 
Colchagua 22.5 4.6 
Curico 22.5 4.6 
Talca 17.5 5.0 
í̂ ule 17.5 5.0 
Linares 17.5 5.0 
íluble 17.5 5.0 
Concepción 17.5 5.0 
Arauco 15.0 6.6 
Bío Bío 15.0 6.6 
mieco 15.0 6.6 
Cautín 15.0 6.6 
Valdivia 6.6 
Osorno 6.6 
Llanquihue 6.6 
Chiloe 3.0. 
/̂sén 3.0 
Magallanes-, 3.0 

1/ Adapted from Villarroel and Horn, Rentabilidad, op. cit. 
pp. 39-40. 
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reported under cultivation in 1959, under,, the assumption that this figure 

is about the same tô ŷ,. wê .-acqutre some appreciation of the land con-

straint and the implied productivity changes that must be achieved in 

order to reach 1985'goals. Unfortunately, the accuracy of the basic 

measurements again comes into question, and our answer varies substan-

tially depending upon which source is used. 

According to CORFO's estimates of land under cultivation,—^ a total 

of 1,389,084 hectares were irrigated in 1959. This land produced 

29,700,000 metric quintales of wheat equiWlent, calculated with the use 

of Villarroel and Horn's coefficients. If all irrigable land is put under 

irrigation in 1985, the yield will be 49,000,000 metric quintales of wheat 

equivalent (see Table VI-ll) at the productivity rates' that now prevail^ . 

In other words, given no chartge in output per hectare, product mix, and • 

price relationships, total production from irrigated land can increase by 

about 60 percent. 

Since, except in the north, the expansion of land under irrigation 

will take place at the expense of dry land now under cultivation, the net 

increase in agricultural output is less. Total potential output from dry 

land after expending irrigable hectareage to its maximum depends, of 

course, on the quantity of arable land. If we assume that CORFO's total 

of "dry land under cultivation" in 1958-59 is equal to the total, amount 

of unirrigated land in classes I-IV, the total-amount'of such land is 

about 4.1 million hectares, distributed among the provinces as sho,wn in 

Table VI-12 (column headed "dry land before reduction")̂ . Multiplying 

dry land under cultivation-by Villarroel and Horn's production ^ -

1/ Tables prepared by Maciej Zaleski from data in CORFO files, 
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Table VI-11 

ESTIMATED PROPUC'ilON FROM IRRIGATED LAfiD 

Hectares Produc- Production Hectares Production 
irrigated tivity b/ qqm WE 

1959 Irrigable in 1985 
qqm WE 

1959 a/ qqm fe/Ha (1) X (2) (1985) c/ (2) X (4) 

(1) (2) (3) (4) (5) 

Tarapacá 7,000 50.0 350,000 10,773 538,650 
Antofagasta 4,200 50.0 210,000 2,626 d/ 131,300 
A tac ama 26,081 50.0 1,304,050 27,288 1,364,400 
Coquimbo 107,081 30.0 3,212,430 113,023 3,390,690 
Aconcagua 38,181 22.5 814,073 63,092 1,419,570 
Valparaíso 53,881 22.5 1,212,323 65,549 1,474,853 
Santiago 228,412 22.5 5,139,270 283,852 6,386,670 
O'Higgins 143,529 22.5 3,229,403 170,280 3,831,300 
Colchagua 106,281 22.5 2,391,323 152,114 3,422,565 
Curico 79,885 22.5 1,797,413 88,644 1,994,490 
Talca 125,881 17.5 2,202,918 193,936 3,393,880 
Maule 41,181 17.5 720,668 31,378 d/ 549,115 
Linares 148,831 17.5 2,604,543 244,499 4,278,733 
fiuble 100,000 17.5 1,750,000 260,415 4,557,263 
Concepción 31,900 17.5 558,250 65,956 1,154,230 
Arauco 5,000 15.0 . 75,000 29,187 437,805 
Bio-Bio 82,650 15.0 1,239,750 142,756 2,141,340 
Malleco 23>900 15.0 358,500 259,140 3,887,100 
Cautín 35,210 15.0 528,150 302,921 4,543,815 
Valdivia 
Osorno 
Llainquihue 
Chiloé 
Ays en 
Magallanes 

TOTAL 1,389,084 29,698,064 2,507,429 48,897,769 

a/ Tables prepared by Made J Zaleski from CORFO files, 
b/ From Rentabilidad. 

c/ Equal to all land now irrigated^ plus mixed'classes^ plus classes II, 
III of dry land, based on Tables of Instituto de Investigación de Recursos 
Naturales. 

d/ Something is wrong, but what? 
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coefficients an estimated 1958-59 output of 23.8 millioa metric quintales 

of wheat equivalent. Total output in terms of Villarroel and Horn's unit, 

therefore, was about 53,5 million metric quintales of wheat equivalent. 

Projected agricultural output without taking land or water constraints 

into account in 1985, when expressed in wheat equivalent, would be some-

where between 97 million and 120 million metric quintales, depending upon 

the assumed growth path and foreign trade policy within the range of 

behaviour discussed above. A doubling of output over the present (1959-60) 

level of production is a minimum estimate of projected requirements. 

Projected output, based on CORFO's land figures would be equal to 

48.9 million metric quintales of wheat equivalent from irrigated land and 

17.3 million metric quintales of wheat equivalent from dry land, a drop 

of 6.5 million quintales in dry land production in order to achieve a 19.2 

million metric quintales increase in irrigated production. It should be 

noted that these estimates do not take into account the availability of 

water. 

It ye use the figures on land capability released by the Instituto 

de Investigación de Recursos Naturales, projected potential output is less. 

The air photogranmetric survey shows only 2,951,266 hectares of dry land 

in classes I-IV, exclusive of land that is in the mixed, dry-irrigated 

classes, compared with CORFO's figure of 4.1 inillion hectares of "dry 

land under cultivation".'̂ ^ Since we cannot clearly distinguish between 

land that was actually Irrigated and land that was not by studying the 

1/ The two quantities need not coincide, but they presumably are designed 
to measure the same thing. CORFO's figure includes arable land used 
for natural pasture. 
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photogrammetric survey's figures on land ctpability, we have estimated 

total arable dry land in 1985 as being equal to the sum of land in Class 

IV in all provinces plus land in classes I-III in provinces south of 

Cautín. (All land in mixed classes and all land in classes I-III in 

provinces in and north of Cautín were assumed to be land potentially 

irrigable in 1985). The photogrammetric survey yields a total of 2,385,106 

hectares of dry arable land after expansion of irrigated area, in compari-

son with the figure of 3,008,039 based on CORFO's data. Applying the 

productivity coefficients to the photogrammetric survey's figure yields 

a potential output of 13.8 million metric quintales of wheat equivalent, 

or a total, including production from irrigated land, of 63.7 million 

metric quintales.—^ 

If water constraints were taken into account estimated production 

would presumably be different. At the moment, however, we shall assume 

that all irrigable land is irrigated, all arable land is cultivated, and 

crop mix, prices and productivity are as implied by Villarroel and Horn's 

coefficients. The estimates indicate that if the air photogrammetric 

survey is accurate, output can reach 63 million metric quintales. Since 

projected requiretüents are about 1.8 to 2.25 the current level of output, 

or from 97 to 120 million metric quintales of wheat equivalent, an average 

increase in output per hectare of from 50 percent to 100 percent is implied. 

When water constraints are taken into account the Implied required in-

crease in productivity will be greater. 

y We cannot estimate the net change in output over current production 
on the basis of photogrammetric survey figures because we have no 
way of knowing how much of some 700,000 hectares of land in mixed 
classes was irrigated and how much was.dry. This information should 
be available sometime in the future. 
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Chaptov VII 

MINING AND ELECTRIC míER 

Mning contributes to Chile on the order of 6 percent of its national 
income, 4 percent of "gross geographic product," .and 85 percent of its 
income from exports. A few large producers dominate the industry— 
copper and nitrates being the principal minerals. Some oil and gas in 
the far south, coal in the central zone, iron, and small amounts of 
gold, manganese, molybdenum, sulfur, and calcium complete the picture. 

Production of coal, which is concentrated around Concepción, and 
oil and gas, on the island of Tierra del Puego, create no foreseable 
problems of water supply, conflicting demands, or serious threat of 
pollution. The story is different, hovrever, for copper and nitrate, 
all of which come from regions of serious water shortsige. One leirge 
copper mine, Braden's (Kemecott) El Teniente, ia in the central zone 
on the headwaters of a tributary of the Rapel.. There is a little pro-
duction of copper in the north central zone and the southern part of.the 
Norte Chico divided among a number of small mines. The bulk of production 
is in the Norte Grande. Chuquicamata,. Chile's largest copper mine, is a 
huge open pit in the province of Antofagasta. Not far away Éure the 
major nitrate deposits. 

In recent years Chile has producéd in the neighborhood of 10-15 
percent of the v/orld'̂ : copper. In 1963 production was 604,000 long tons 
of refined copper of v/hich 84 percent came from the "Gran I\finer̂ a"—the 
mines of Anaconda in Antofagasta and Atacama and Kennecott in O'Higgins. 

Within the last fe\? monthŝ  the Chilean; Co;ngress has b̂ en debating 
an agreémeñt negotiated between, .the executive branch and the t\TO major 
companies on a plan for expanding output, increasing total investment. 
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and transferriilg to the Chilean Government a share of financial and 
administrative responsiMlity. Since Chilean ores are Ijoth extensive 
and relatively rich,î  a substantial expansion of the industry, v/ith or 
without a corresponding expansion in the world market, appears to be 
reasonable. 

2/ 

Two projections of future output lyere made.- The lower assumed 
an industrial rate of grofrth equal to the historical average, but allo?/ed 
small producers to grow more rapidly than large. Total output v/ould 
rise from 604,000 tons to 1,222,000 tons in 19B5. Output of the Gran 
Mineria v/ould fall from 84 percent to 75 percent. The higher projection 
assumed that the agreements now under discussion ?;ould be adopted, and 
that total production would be 2,000,000 tons by 1935 of which about 75 
percent would come from the Gran Minería. The growing relative share of 
small and medium producers means that mining demands for v/ater v/ill grow 
in Coquimbo, Aconcagua, Valparaiso and Santiago as well as in the provinces 
dominated by Anaconda and Kennecott. 

Output of nitrates has ranged in recent years, between a million and 
a million and a half tons per year, with no clear trend. In 1963 production 
was 1,144,600 tons. The ten-year plan of CORFO assumed a modesrate increase 
over -üie i960 lov to a level of production in 19TO that would still be less 
than output of the 1 9 5 0 I f CORFO's assumed rate of grw/th is extended 
to 1985 output v̂ ould be 1,600,000 tons. This level of production vias used 
for both the low and high economic projections. 

1/ According to Hansen, Proyecc;iones de la demanda de agua en Chilje. 
Chuquicamata possesses the greatest single body of ore in the world. 
CEPAL says that Chilean costs of production are an»ng the lovrest in 
the vrorld. An engineer for Kennecott said that their ores in Chile 
are about 1.8 percent copper, con?)ared with less tjian 1 percent in the 
United States. 

Z/ By (iatholic University. 
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Estimates of water use were made by CEPAL and Hansen based on data 

supplied by the companies and coefficients taken from technical literature. 

The amount of \rater used per ton of refined ore depends on the method of 

beneficiation that is used, the type of ore, and.the degree of recir-

culation. A flotation process is used for copper sulfide ores; a leaching 

process is used for copper oxide ores. Unit rates of gross use v:ere 

estimated as follows: 
-

Chuquicamata: 
(Antofagasta) 

El Teniente: 
(O'Higgins) 

Potrerillos: 
El Salvador: 
(Atacama) 

Medium Mines: 

Small Mines: 
2/ Nitrates-

Blackish V/ater 
of Loa and 
Salvador 
Rivers 

Oxide ores—.5 m-̂  per ton of ore 
q 3 

sulfide ores —1.0 vr per ton of ore or 91.5 rar per 

ton of refined copper. Since the bulk of reserves 

are sulfide, this coefficient is used for projections. 

Same as Chuquicamata, sulfide ores, but ?/ith higher 

degree of recirculation: S3 rs? per ton of refined 

ore. 3 
No data. Estimated at 3.75 m per ton of ore 

treated or 415 m^ per ton of refined copper. 

No data. Estimated at 3 per. ton of ore treated. 

Leaching process estimated to réquire an intake 

of 500 Its. per ton of ore treated. 

No data. .. 

Pedro de Valdivia and Maria Elena I\lines: 

Current use 180 Its./second or 15,500 m^/day. 

Expected total use after construction of 40 evapo-

ration tanks—25,000 mVday. 

1/ and 2/ CEPAL, Hansen, op. cit. 
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Tatle VII-X 

COPPER PRODUCTION AND r/ATER REQUIREMENTS 1/ 

Production (lOOO tons) Water requirements (1000 MVyr)^ 
12sl 2 m Í261 

a/ less than 500 tons 
y less than 500 Hp 
y Source; Catholic University 
^ Assumed to te intake 

1985 
Low High LÓV7 High 

Tarapacá A / s/ 4 B / y 160 

Antofagasta 304.3 592 775 27,029 51,652 67,550 

Atacama 107.7 220 437 38,391 72,035 166,326 

Coquimbo 10.9 33 74 2,761 7,564 20,898 

Aconcagua 17.6 54 188 807 2,477 14,168 

Valparaíso 3.3 10 22 1,108 3,402 72,992 

Santiago 15.5 48 76 3,925 12,050 19,294 

O'Higgins 144.4 264 429 12,006 21,927 35,607 

Total 603.7 1,221 2,005 86,027 171,107 396,995 
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Table VII-2 

NITRATE PRODUCTION AND WATER REQUIREMENTS ^ 

Production (lOOO -̂ ons) "Water Use (lOOO m̂ /year) 
22ñi m i 

Tarapacá " 118.3 16A 890 1,230 
Antofagasta 1,026.3 1,436 - 7,290 10,765 

Total 1,144.6 1,600 8,180 11,995 

1/ jSource; Catholic University 
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Table VII-3 

PROJECTED WATER USE IN THERMAL EI£CTRIC POWER 
(1000 l^yr,) 

Miltiple of Increase 
over 1965 

1965 Sfedium A Medium B Medium A Medium I 
Tarapacá UO 5» 79 5.79 637 637 

Copper 
Others 

Antofagasta 2A6.071 3.08 4.02 756.816 
Copper 177,171 2.02 3.33 357,885 589,979 
Others 68,900 5.79 5.79 398,931 398,931 

Atacama 2.806 3.53 4.31 9.898 12,104 
Copper 1,684 2.02 3.33 3,402 5,608 
Others 1,122 5.79 5.79 6,496 6,496 

Coquimbo 8,885 1.39 1.39 12,350 12,350 
Valparaíso 93,253 1.39 1.39 129,622 129,622 
Santiago 56,293 1.39 1.39 78,247 78,247 
Linares 1,421 1.39 1.39 1,975 1,975 
Concepción 1,403 1.39 1.39 1,950 1,950 
BÍO-BÍO 7,771 1.39 1.39 10,802 10,802 
Llanquihue 553 1.39 1.39 769 769 
Chiloé 1 1.39 1.39 1 1 
Aysé̂ n 1 1.39 1,39 - 1 1 
Magellanes 1,354 1.39 1.39 1,882 1,882 

Sourgei Center for Economic Investigation, Catholic University, 
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Fresh Water for domestic \7ater supply and "boiler feed. 
Current use is 4,500 m̂ clay. No future increase 
is anticipated. 

Tables VII-1 and VII-2 show projections of production and vrateriuse 
(intake) as estimated by Catholic Utóversity, Since no information was 
supplied on quantities of water recoverable for further use, a loss rate 
of 15 percent of intake ;\7as assumed. (See alternative computation of 
losses on the assunption that all intake is lost, Chapter XI,) 
Electric Pov/er 

The use of water by steam-electric plants was estimated directly 
from data on current water use.i'̂  For the provinces belo?/ Atacama the 

2/ 
rate of increase in production from thermal power projected by ENDESA -
Tsas applied to current intalce. In the three northern provinces, where 
most of the thermal power is produced by the mining coinpanies, 1965 intake 
was divided between the power plants of the mining companies and all 
others on the basis of capacity. Water use by mining company plants 
was projected at the tv;o alternative. rates of growth used for the mining 
industry; other plants were projected at the rate of growth projected 
by ENDESA for power production in the country as a whole—thermal and 
hydro—on thé assumption that hydro would supply a negligible share, of 
incî ased power in the far north. 

Losses were estimated at being equal to 0,-42 percent of intake, 
reflecting the experience of the Central Pacific and Southern Pacific 
regions of the United States (approximately equivalent to the state of 
California). 

1/ Supplied by the Center for Economic Research, Catholic University 
2/ En?)resa Nacional de Electricidad, S.A., the Chilean nátiónal 

power corporation. . ' 
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The loss rate for the United States is a measure of fresh water 
losses and, therefore, is affected by the use of ocean water as well as 
by the degree of recirculation that is practiced. However, a relatively 
large error in the coefficient is not D.ikely to result in a significant 
difference in total of viater requirements measured as losses, because 
under the most adverse conditions loss rates are a very small fraction of 
intake unless recirculation reaches a high level. 

The accon̂ janying table shows that projected water use by thermal 
plants other than mining in Tarapaca, Antofagasta and Atacama is 5.79 
times current use. Power produced by the mines is estimated to increase 
by lesser amounts. South of Atacama, vihere the interconnected hydro and 
thermal grid exists, projected increase of thennal power water use 
only 1.39 times present use. Within the area covered lay the inter-
connected grid most of the aev/ capacity is scheduled to come from 
hydroelectric plants. 

ENDESA, which will be responsible for virtually all future public 
utility pov;er additions v,rithin the country, plans to Increase its 
hydroelectric capacity within the interconnected grid area (La Serena 
to Puerto Ifontt) from 537 W! to about 1900 W in 1978.-'̂  According to 
earlier plans reported by CSPAL.B̂  ENDESA had expected to-add about 
1255 MF/ by 1973 and another 2744 Ml by 1990 according to the folloiTing 
regional distribution: 

]/ Table prepared by Michael Nelson, Chile-California Program 
2/ CEPAL, P.77. CEPAi gives two figures for expected additional 

hydro capacity: 1,254,600 k-.?. (p.77) and 1,124,600 3CT;. (p.83). 
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Installed capacity (lUO lew)' 

• m i Added by 1973 Added ̂between 1973 and 1990 
Nórté Grande 1.4 '" ' .̂O 
Norte Chico 21.8 ' 30.0 6.0 
Chile Central 464.9̂  1,156.0 1,268.0 
Sur Chico 25.2 59.6 1,470.0 
Sur Grande 0.2 - - ' 

Total 513.5 1,254.6 2,744.0 
Total capacity of 4̂ 512 M? in 1990 represents 14 percent of the country's 
gross potential of 31*380 figured at average flov?. 

Eighty percent of existing hydro capacity, and even more of produced 
energy, is run-of-the-riyer. Of 1.1 million kw. of new capacity under 
construction or imder study 50 to 60 percent is to be regulated. (One 
project, Antuco on the Rio Laja is shown to be both run-of-the-river and 
regulated). 

An expansion in hydroelectric power installations in the Central 
Zone will complete with efforts to provide a higher degree of regularity 
in the supply of water for irrigation. In the Central Zone the rivers 
follow a glacial regimen, which means higher flov/s in the summer than in 
winter. If hydro installations are run-of-the-river, and if they are 
above the sites of irrigation, the tv/o uses are neutral with respect to 
each other. If, however, the hydro installation is dependeaat upon a 
reservoir of such size that either season or annual flows are regularized, 
the uses will be competitive. For hydro,- thé main releases from a 
reservoir will be in the winter; summer flovra will be stored. Irrigators 
of course, need the water in spring and summer. 
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For the year 1990, installations utilizing 2,000 by. of capacity out 
of a gross potential of 14,085,000 to is projected for the Sur Grande. 
The explanation for such vast under-use is the distance over which power 
would have to be transmitted. Prom the Rio Baker, say, ?;hich has itself 
two-thirds of the gross potential of the sum of all rivers from the 
Aconcagua to and including the Toltán, to Puerto Montt, the southernmost 
city of the Central Valley, is roughly 450 miles. This does not exceed 
the distance over v/hich power is being sent in other countries, hut 
apparently topography and climate do not yet justify use of this source 
of energy in the near»tenn plans of Chile. ENDESA conceives of the 
hydroelectric resources of the south as a reserve for future exploitation. 

The price of electric power per Iffi'H is about the same in Chile as in 
the United States.The average cost of Chilean hydroelectric plants 
built in the past was US$ 214 per Iw which con?>aree with the less expensive 
of the hydro plants under construction or consideration in the' 1950's 

2/ in the United States;- the average costs of plants being planned or under 
3/ 

construction is US$ 139 per Fixed costs of EMDESA's plants are 
con5>uted on the basis of 8 percent interest and 50 year depreciation. y 

y Estudios sobre la electricidad en América Latina. Naciones Unidas, 
Mexico, 1962, Vol. I, p. 380 

2/ Bonneville (211): Added capacity TVA (266), 
Computed from data on aii©\ints allocated to electric power and 
installed capacity. Task Force Eeport on Water Resources and Pov̂ er, 
Vol. XI, Commission on Organization of the Executive Branch of the 
Government, June 1955, pp. 423, 428, 453, 458, 555, 562, 262. 

3/ Estudios Vol. I. p. 419. However in this table escudos were converted 
into dollars at the parity rate of 1.314 escudos per dollar. Elsewhere 
in this same document the official conversion rate of = $ ,95 was 
used. The latter rate would raise the dollar equivalent by about 
25 percent. 

i/ Op. cit. p. 407. 
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T̂ ere are no data on the capital costs of steam plants already in 
use-in Chile, but it is estimated that two new plants with a combined 

V capacity of 200,000 to? will cost $ 185 per lew. The steam plants v/ill 
. r. require an outlay of foreign exchEUoge to cover 66 percent of the costs 

of construction, whereas only 30 percent of the construction costs of 
hydro iJlants Will be paid in foreign exchange. Operating costs of hydro 
plants are lower than operating costs of steam plants. Based on these 
figures it is reasonable to anticipate a growth of hydroelectric relative 
to steam even though the hydro must be transmitted over greater distances. 
According'to data prepared for the Seminario Latinoamericano de Energjfa 
Eléctrica, for plants "under construction and projected, ' costs of 
transmission are included in the costs of generation but an additional 

., .' cost of $ 32 per kv/., on the average has to be added for interconnection. 
The cost advantage of hydro plants persists after taking interconnection 
costs into account. Except for one peaking plant with a construction 
cost of $162 per to?.,and á plant fa'ctor of 26 percent, the cost per 
K'/H of new hydropov/er should be no more than current costs, vihich range 
between 6.9 and 8.0 mills. In at least three plants the costs should 
be between four and six mills per MH. 

One cannot infer "that Chilean investment in hydroelectric pw/er is 
economically justified merely because capital costs are as low or lower 
than current capital costs in the United States.The need for power 

1/ Op. cit. pp. 388, 390 
2/ Plant factors are relatively high in Chile. Of those in operation, the 
"" largest has a plant factor of 65.4'percent. The lowest plant factor 

is 40 percent. Of thirteen being constructed or still in the planning 
stage, three are expected to have a plant factor between 24 and 30 
percent. Five will have plant factors of ̂ re than 60,percent. 
OP. cit. p. 418. 
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is not a fact revealed solely by the cost of power. There is evidence, 
however,^ that future capacity is planned to meet an anticipated growth 
in pov/er use; rarely have facilities been constructed in the expectation 
that their availability would stimulate a demand. ENDESA's plans do, 
however, take into account any developmental programmes of CORFO or other 
governmental or private activities. 

Of the hydro installations in operation, under construction, or 
planned,̂  only one, Rapel is downstream, large and dependent upon a relatively 
large reservoir. Fourteen installations are far enough dovmstream to 
offer some competition with other uses of water.^ The installed capacity 
of twelve of these amounts to a total of 26,000 KW. Rapel will have 
350,000 KI?; no data are available for one. According to ENDESA engineers, 
Rapel should offer no competition vdth irrigation because of the limited 
amount of land capable of being irrigated. Water from the reservoir will 
be used to irrigate some new land to replace that which itIH be inundated 
by the láke behind the dam. 

In a paper presented to the Latin American Seminar on Electric Energy, 
Raúl Saez, Manager of ENDESA, discussed various problene relating to the 
expansion of capacity, the choice of prime mover, and location of plants. 
Among the items with v/hich he dealt were price policies applicable to 
fuels; in5)orts, export, and exchange rate policies as they related to 
fuels; the lack of stability in policies that has impeded- adoption of 
a rational energy program; rates charged the user of electric energy; the 

1/ Conversations r/ith ENDESA officials. 
y Based on a map prepared by GEPAL from data supplied by ENDESA. See 

Estudios Vol. 1, pp. 164.-167. 
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financing of nev investment and criteria for justifying and selecting 

new projects, whether hydro or hiel,^ He pointed out that Latin America 

faced three basic scarcities: trustworthy data, technically cc®petent 

personnel, and financial resources. Consequently it \ms inpossible to 

overcome simultaneously the absolute lack of electric service in some 

areas and the growing deficiency in other areas. The problem of priority 

in new' investment v/as much more complex for public power enterprises than 

for private, since the latter needed only to consider profitability, 

whereas the fomer had to take into accovint a much wider range of factors 

relating to economic development vdthin both regional and national 

perspectives, Saea en?)hasized the difficulties encountered in planning 

for the future that were created by lack of data, data needed to estimate 

future demand for power as well as data regarding the resources with 

which to meet the demand. ='We knov;, moreover, of a case in v;hich the 

decision to develop electric service for one zone rather than for another, 

was in part fundamentally based on the better state of basic information 

of consumption and r e s o u r c e s . T h e Central Sauzal was given priority 

because it had better hydrologic data than other projects of equal size 

built later. 

In some cases priority was based upon the need to mesh an additional 

supply of pov/er v/ith other economic plans--such as development of a 

particular region or industry. In other cases priority rested upon an 

in̂ jlicit or explicit scale of benefits, relative dggrees of "urgency" 

such as the existence of power rationing, or distinctions betY/een '.'productive" 

and "consumptive" uses.^ 

3/ Op. cit, "Criterios Económicos para la Selección y Desarrollo de 
" Centrales y Sistemas Eléctricos," pp, 257-299,' 

2/ Saez, QP. cil̂ . p. 266. The author noted that ENDESA's decision to 
" give priority to the Pilmaiquin system over others of greater 

"economic urgency" was based in part on this consideration. 

3/ Má. 



VII - 17 

Another point touched upon by Saez was the choice between a few large 
Plants coupled v/ith an extensive distribution system and a large number 
of smaller plants serving smaller areas. A completely interconnected 
system has much merit in Chile because of the variety of river regimens. 
In the North high flows come in the sujnmer from snow and ice melt v;ith 
clearly marked low flov/s in the v/inter. Further south the regimen is 
mixed, since the ?/inter trough is partly offset by rains. In the south, 
flows are relatively constant all year round, regulated by many natviral 
lakes. However, because of the high cost of high voltage lines, ENDESA, 
at least momentarily'-, is following a system of constructing separate plants • 
for each region. Only t?/o "modest" interconnections have been made, one 
of 110 KV and 105 kilometers in length and another of 150 KV. and 242 
kilometers. At present, and in the foreseeable future, interconnections 
are being made mainly within the central zone, between latitudes 27° and 
42° among ENDESA's plants, other public utility plants, and industrial self-
suppliers, and among hydro and thermal plants. This "preponderantly 
hydroelectric system" uses thermal pov;er to supply the deficit of energy 
during the winter and in dry years.i/ The plans of ENDESA rest, not upon 
study of separate generating plants, but upon analysis of alternative 
systems of hydro run-of-the-river, hydro with regulating reservoirs, and 
thermal power plants, ifydro plants within a region are interconnected 
to make full use of conqplementary hydrologic regimens and to reduce to a 
minimum the deficit to be supplied by thermal power, taking into account 
transmission losses. 

2/ Benato E. Salazar and Carlos Croxatto, "lî todos Empleados por la 
Empresa Nacional de Electricidad 5.A. para la Selección de Alter-
nativas de Abastecimiento Eléctrico en el Sistema Interconectado de 
la Zona Central de Chile," Es-̂ udios. Vol. II, p. 167. 
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Multiple Piirpose Pro.i'ects 
There are very few multiple purpose projects In uisé, under construction, 

or"under consideration in Chile. The main reason given by ENMSA is 
the unfavorable topography v/hereby costs of reservoir construction in 
the Andean valleys is "extraordinarily expensive."i/ Of thirteen 
projects for víhiéh vie have information, six have daily regulating ponds, 
five have laaî er reservoirs for seasonal regulation, and two have 
capacity for inter-annual regulation. In the lake country and beyond,' to 
the south, natural regulation and" the natural regimen of the rivers 
eliminate the need for artificial storage. For a number of hydro projects, 
e.g. Lago Laja, Canutillar, PuUinque, and Pilmaiquen, natural lakes are 
controlled at relatively low cost. There are a limited'number of sites 
for production of power within the coastal cordillera close to the sea. 
Such are Rapel and Cabimbao. Here, again, because of terrain, the pos-
sibilities of multiple purpose reservoirs are"limited.2/ No detailed 
studies were available that indicated the costs, benefits, and range of 
possibilities that had been considered and discarded in the process of 

3/ • making the final choice.-

1/ Bennet, et. al. Estudio. Vol. II, p. 327. 
2/ The small irrigation project of Rapel was noted above. 
2/ Chilean experience is not unique. Note the follov/ing comment in a 

slightly different context, by Fox and Herfindahl regarding Corps 
of Engineer projects in the United States. "Ordinarily it is 
impossible to tell whether the size of a pâ jject is correct, however, 
since data on the costs and benefits of marginal increments \isually 
are not given in project reports." Irving K. Fox and Orris C. 
Herfindahl, 'Attainment of Efficiency in Satisfying Demands for Water 
Resources," Proceedings. American Economic Association, Iifey 1964, 
p. 1201. 
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A large multiple purpose dam at Colbun in the Iifeule basin has 
recently come under scrutiny as a result of investigations carried on by 
the Chile-'California Program. On the basis of very preliminary studies 
it has been ascertained that a dam could be erected with a capácity of 
1,500 million cubic meters of water, which would support installed 
capacity of 208 Mi?, serve 70,000 hectares of new irrigated land and 
supplement the v/ater supply of an additional 30,000 hectares. In addition, 
return flows would support 20,000 hectares and other land would have 
the security of its water supplies raised from 85 percent to 98 percent. 
Since Colbón could reregulate water from Laguna del Maule now reserved 
for irrigation an additional 192,000 W of capacity could be installed, 
bringing the total for this project to about -400,000 M. As has been 
said, Colbun vrould be, if subsequent studies prove its merit, the largest 
project yet undertaken in Chile, the only major case in which a reservoir 
was used for reregialation, and the only multi-purpose project (recreation 
would also be iijportant) of any consequence. 

Except for reservoirs designed to supply daily regulation, ENDESÁ 
at present produces no pov/er from reservoirs that were artifically 

2/ ' constructed- but will soon do so at Rapel, the reservoir plant under 
construction. Seven other projects using artificial storage are under 
study: Gabimbao, Guaquirilo, ifelado, Colbun, Porvenir, Raleo, and 
Collipulli. total capacity is about 8,000 million iP, of which Raleo Grande 
accounts for 4,100 million As we shall see later, estimates of 
storage capacity to meet offstream needs by 1985 in the same part of 
the country as these projects are located range between 8,500 and 2¿,000 
million cubic meters. One might anticipate, therefore, a more intense 
effort than has been made up to now to plan dual or multiple pxirpose projects. 

V Preliminary reports made available by Michael Nelson, Chile-California 
"" Program. 
2/ Cipréses, Abanico and Pilmaiquen use water of natural lakes. 
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We siiall have littXe further to say about hydroelectric power 
production. Without detailed systems studies one cannot anticipate how 
effectively storage for power will serve other uses. To the extent 
that î gulatory storage can he used for poT/er production the costs of 
water allocated to non-power uses can be reduced. To that extent, 
therefore, a cost constraint on non~power users will he less binding 
than we have assumed in a later chapter. If, however, reservoir capacity 
is con5)etitive among uses, so that reregulation is necessary, our 
estimates of reservoir csapacity to meet offstream uses are not overstated. 

ENDESA has no plans at present for the production of hydroelectric 
power from regulated storage for any basins to the north of Santiago. Since 
projected requirements call for about 1,650 million cubic meters of storage 
capacity, the possibility of multiple purpose uses should be fully explored. 
In this part of the country—i.e. Santiago northward-primary dedication 
of water to power production is probably unv/ise> but an allocation of costs 
and water on an incremental basis may justify hydroelectric installations. 





Chapter V m 

MANUFACTURING USES OF WATER 

Chile's manufactures include "practically all the ... non-durable 

consumer goods needed by the domestic market, ... (and) substantial pro-

duction of intermediate goods (pulp and paper, rubber, petroleum and coal 

products, non-metallic mineral products and basic metal products)... The 

metal and metal-transforming industries are less developed.. 

Our analysis of industrial uses of water has been directed mainly to 

the five major water using and polluting industries: food, pulp and paper, 

chemicals, petroleum refining, and Iron and steel production. All others 

have been aggregated into a single group. 

The deficiency of data regarding the present state of affairs in the 

uses of water by manufacturing matches, if not surpasses, the de-

ficiencies in other spheres. In four industries we acquired infonjiation 

directly from the companies themselves. In other instances it was neces-

sáry to estimate water requirements by a chain of inferences. There is 

practically no information on waste loads, level of waste treatment, and 

adverse effects of waste loads. 

Published information regarding industrial water intake in Chile is 

found in the ÓSPAL study and a study of the Dirección de Planeamiento del 

Ministerio "de Obras Públicas written by Norman Hansen, Ing., with the 
collaboration of H. Baeza and J. Parker i M ^^^^ ^veceáeé 
and was used by Hansen, and so the findings tend to be intertwined. Both 
studies estimated water requirements--current and future— liy relying upon 

a relatively small amount of specific information supplied by Chilean 

1/ Unofficial statement. Instituto Latinoamericano de Planaficacion, 
March 1966. 

2/ O p . cit. 
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manufacturers supplemented by coefficients taken from other countries, 

notably the United States. 

As Hansen points out "there are no official statistics regarding the 

quantities of water used by industry in Chile" nor is there "an official 

organization charged Specifically with the problem of industrial water 

supply". While the Dirección de Riego "Indeed Intervenes in the grant of 

water rights, this work, although necessary, is totally inadequate since 

it neither defines a clear policy to follow nor accomplishes any form of 

hydraulic planning", (p. 17) nor, Hansen might have added, does It gather 

information on industrial uses of water, 

Xhe distribution of manufacturing activity among Industries and 

provinces can be ascertained for the year 1956 from "Industrias Afio 1956".^ 

In 1956 the value of manufacturing output amounted to 407 billion pesos 

In 1956 prices, (this would be approximately 1.1 billion escudos at 1962 

prices, and therefore, roughly equal to US? l.l billion at the official 

1962 exchange rate. As Tables VIH-1 and VIII-2 show, most manufacturing 

output was concentrated in a few Industries located In a few jirovittces. 

Of the twenty-five provinces, fourteen accounted for 5.6 percent of total 

market value. At the other extreme, three provinces accounted for 83.8 

percent of which one, Santiago, accounted for 52.9 percent. These three 

provinces, Valparaiso, Concepción, and Santiago, all border on the oceen, 

but whereas the cities of Valparaiso and Coî cepcián are themselves located 

on the coast, the city of Santiago Is in the interior, a circumstance that 

makes the problem of present and future pollution in the Maipo and Mapocho 

Rivers especially acute. Food, textiles, and basic metals accounted for 

1/ Dirección de Estadística y Censos, Chile 
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53 percent of total manufacturing value. Even though manufacturing is 
only in its infancy there is no reason to expect a radical alteration in 
either geographic or industrial concentrations unless some presently 
unanticipated factor intervenes.-^ 
Manufacturing; Projections of Output 

Manufacturing output was projected for the country as a v^ole and 
then allocated to provinces, and in some cases to cities. The methods that 
were used for making the projections and provincial distributions fall into 
two distinct categories: 

(1) Projections based upon plans of the enterprises themselves or 
of CORFO or of ODEPLAN (the National Planning Office) for 
expansions of output in the futurej 

(2) Estimates of future production based on the assumption that 
output would meet projected demand cotoputed on the basis of 
estimated growth in population, income per capita, and income-
elasticity of demand. Where appropriate, an estimated foreign 
trade balance was also taken into account. 

Where income elasticities were used the following assumptions were 
adopted; 

1/ After the above was written the following table was unofficially pre-
pared by the Instituto Latinoamericano de Planificación. (See Table 
VIII - l(n).) According to the new table, between 1956 and 1964 the 
relative importance of consumer goods (mainly non-durable) fell from 
62.5% to 50.3% of the total market value of manufacturing industries,) 
intermediate goods (pulp and paper, rubber manufactures, chemicals, 
etc.) rose from 28.7% to 35.2% to total market value, and metal 
products and machinery industries rose from 8.8% to 14.6% of total 
market value. 

Since projections were based on industry plans as of 1965, the new 
figures in Table VHI-I(n) do not affect the figures for estimated 
outputs in 1985. 
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Table VIII - l(n) 

CHILE: STRUCTURE OF PRODUCTION OF THE FACTORY SECTOR OF MANUFACTURING 
' (Percentage distribution of Market Value) 

Industrial branches according to 
the United Nations standard inter-
national trade classification 

Existing 
situation 
(1964) a/ 

TRADITIONAL INDUSTRIES (Principally 
producers of consumer goodsj especially 
non-durable) 

Food 
Beverages 
Tobacco 
Textiles 
Clothing and footwear 
Furniture arid fittings 
Leather and leather manufactures 
Printed matter 

INTERMEDIATE INDUSTRIES (Principally 
producers of intermediate goods) 

Pulp, paper and manufactures thereof 
Rubber manufactures 
Chemicals 
Petroleum and coal products 
Non^metallic mineral manufactures 
Basic metal manufactures 

MEIAL AND METAL TRANSFORIflNG INDUSTRIES 
(Principally producers of durable consumer 
goods and capital goods) 

Metal manufactures 
Machinery 
Electrical machinery and equipment 
Transport equipment 
Miscellaneous 

50.3 

18.1 
2 .8 
l.l 
14.4 
8.0 
1.4 
0.9 
3,6 

35.2 

3,4 
2.1 
6,6 
4,8 
6,6 
11.7 

14,6 

13,3 

1.3 

TOTAL 100,0 

¿/ Kie factory (non-artisan)sector of industry is defined as including 
establishments that employ five workers or more. Based on the figures 
for value in the 1957 Industrial Census, adjusted to bring them up to 
date to 1964 according to the Industrial Production Index of the Depart-
ment of Statistics and Censuses. 
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Table VIII-1 

MANUFACTURING J PERCENTAGE DISTRIBUTION OF MARKET VALUE 

AMONG INDUSTRY CLASSES, CHILE, 1956 

Industry Percent > 
Food 25.3 
Beverages 3.0 
Tobacco 2.8 
Textiles 17.2 

Shoes & Clothing 5.8 
Furniture & Wood Prod. 3.8 
Paper & Cellulose 2.9 
Printing & Publishing 2.2 
Hides & Leather 2.4 

Rubber Products 1.2 
Chemical Products 7.4 
Petroleum Refining & Coal Products 2.4 
Cement, Clay, Glass, etc. 4.6 
Basic Metals 10.2 
Metal manufactures, machinery, etc. 8.8 

100.0 

Total market value, 1956 pesos, 407,093,267,000»-

Spurce; Dlrecclán de Estadística y Censos, Industrias. Afio 1956, Santiago, 
1961. 
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TABLE VIII-2 

PERCENTAGE DISTRIBUTION OF MANUtACTURIMG OUTPUT AMONG 
PROVINCES, BASED ON MARKET VALUE, 1956 ; > 

. _, • I 

^ovlnce Percent of National Total 

Tarapacá 0.6 . 
Antofagasta 1.0 
Atacama JL/ 
Coquimbo 0.9 
Aconcagua 0.8 
Valparaiso 17.7 
Santiago 53,0 
O'Higgins .. 1.6 
Colchagua ' 0.7 
Curicá 0.4 
Talca 1.6 
Linares „ , ,0.3 
í̂ ble 
Concepción 13,4 
Arauco 0,1 
Bío-Bío 0.7 
Malleco 0.7 
Cautín 0.9 
Valdivia 2.4 
Osorno 1.4 
Llanqulhue - 0.6 
Chilo^ y 
Ays¿n 1/ 
Magallanes Oí 5 

y leas than .05% 
Source; Industrias Año 1956, op. ctf. 
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Annual rate of Increase in; 
Assumption National Incoine Population ^ 

A 3.75% 2.43% 

B 5.50% 2.43% 

Per capita, the annual rates of growth in income were: 

Assumption A: 3.75% - 2.43% = 1,32% 

Assumption B: 5.50% - 2.43% » 3.07% 

Per capita demand was then projected as the product of the coefficient of 

Income elasticity ̂  multiplied by the rate of growth of per capita income. 

This product was augmented by the rate of population increase to yield the 

rate of growth of total demand for a given industry group, i,e. total 

demand was projected as growing at a rate equal to: 

.0132E + .0243 for assumption A 
( 

.0307E + .0243 for assumption B 

where E is the income elasticity of demand apd .0243 is the medium ráte of 

population growth. The way in which growth in production was related to 

growth in demand was established separately for each Industry class. 

Projections were made for food and beverages, pulp and paper, chemicals, 

petroleum refining, and steel. All other manufacturing activity was 

consolidated Into a single category. 

The method of determining regional distributions varied with the 
Í Industry. Ih the case of food, we assumed that the 1956 percentage 

1/ The "middle" rate of population growth Was used for both assumptions; 
hence we identify these projections as "Medium A" and "Medium B". 
We assume that personal Income grows at the same rate as GNP. 

2f Income elasticity coefficients were computed as linear in 
logarithms. 
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Notes to Table VIII-3 

(1) Based on the 1956 distribution of market value, as reported by 
"Industrias, 1956", bulletin published by Dirección de Estadística 
y Censos. 

(2) Based on the expected distribution of output in 1970, as reported 
by FAO-CEPAL's study "El Papel y la Celulosa en América Latina", 
Revisión 2, May 1965. 

<3) Same as (2). 
(4) Same as (1)̂  Aconcagua, Ííuble, BJfo-BÍo, Cautín, Valdivia, Osorno, 

Llanquihue and Magallanes together add up to 1 percent. 

(5) This distribution is implied in company plans extended to 1985. 
(6) Based on company plans for 1976. 

(7) Based on 1961. 
(8) Same as (1). TarapacI, Antofagasta, Atacama, O'Higglns, Curico, 

Maule, Linares, tiuble, Arauco, Bío-Bío, Malleco, Osorno, Llanquihue, 
Chilo^, Ays^n and Magallanes together add up to I percent. 
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distribution would be maintained. W<e toade the same assumption for chemicals 

and "all others". For pulp and paper, we assumed that the planned relative 

distribution for 1970 would be perpetuated to 1^85. Fetro-chemicals and 

petroleum refining were based upon company plans as extended, into the 

future. The distribution of steel production was based upon the 1961. per-

centage distribution. Table VIII-3 shows the results. 

Food and Beverages, 

The food industry is composed of a relatively large .number of small 

enterprises, except in a few activities such as sugar refining, milk 

products, and beer. Output of the industry as a whole was projected by 

combining foods and beverages into a single group in order to make it 

comparable to the U.S. classification. This was done by weighting foods 

85 percent and beverages 15 percent, in reflection of the average respec-

tive market values of outjmts during the period 1948-1955. Separate . 

income elasticities of demand were applied to each. The coefficient .for 

food was taken as .5, based upon an estimate drawn from a study of the; 
• • * 

Centro de Investigaciones Econámicas, Universidad Católica,-^ and. an 
. t ' 

elasticity for beverages of 2.41 taken from an indac of output of 
2 / 

beverages prepared by Dirección de Estadística y Censos.- Weighting the 

two as indicated above yielded a combined income elasticity of demand of 

.8. In the absence of a clear policy regarding the imports and exports 

of foods, and in the presence of possible contradictory forces such as 

increased production of Import-substitutables and increased consumption 

1/ This elasticity was suggested by Mario Corbo of the Centro. 

2/ That is, imports of beverages have been negligible and so we have 
assumed that output has met demand and that the effects of price 
elasticity could be ignored. 
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of imports such as tea, coffee, and tropical fruits as incomes rise, we 
assumed that the absolute trade balance in food manufactures would remain 
unchanged and that production would follow the projection of demand. 

Production was distributed by province in accordance with the 1956 
distribution of market value. 
Pulp and Paper: 

A study by FAO-CEPAL -^estimated production for 1970. From data in 
this study estimates of income elasticity of demand were drawn and an 
export balance obtained for 1970. The absolute size of the 1970 export 
balance was assumed to persist through 1985 and production was assumed 
to grow in accordance with the rate of growth yielded by the growth of 
population, the change in per capita income, and the income elasticity 
of demand. Projections of paper and cardboard were separated from pro-
jections of pulp. The input of pulp per unit of paper was based upon the 
1970 relationship given in the FAO-CEPAL study. Pulp exports were assumed 
to persist to 1985 at the level estimated for 1970. The relative distribu-
tion of output of pulp and paper among provinces was assumed to remain 
constant over the period 1970-1985 in accordance with FAO-CEPAL estimates 
for 1970. 
Chemicals; 

This category includes inorganic chemicals, miscellaneous organic 
chemicals, petrochemicals, and pharmaceuticals. There has been no pro-

2/ duction in Chile, up to now, of petrochemicals. ENAP's — plans for 

1/ "El Papel y la Celulosa en América Latina", E/CN, 12/570/Rev.2, May 
1965, prepared for the Eleventh Sessions of CEPAL, Mexico, mimeo. 

2/ Empresa Nacional de Petróleo; interview with Sr. Estanislao Fabres. 
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producción of petrochemicals through 1976 were adopted and extended to 
1985 at the rate of growth of 8 percent annually, as estimated by ENAP. 
Their plans included data on aggregate output and location of plants. 

Inorganic chemicals, miscellaneous organic chemicals, and phara-
ceuticals, have been produced in Chile. Output grew at 3.4 percent per 
year during the period 1953-63. This was the low rate of growth projecxed 
to 1985. Because COilFO -^expected a much higher rate of growth in the 
future, but without specific production plans, we also projected thé 
industry's growth at 6 percent per year, the rate used by CEPAL, as the 
high rate of growth. 

Output was distributed among provinces on the basis of the 1956 dis-
Í 

tribution of market value produced 
Petroleum Refining; 

Demand was projected on the basis of population and Income growth, 
* ' 

since ENAP's engineers indicated that refining operations would not exceed 
domestic consumption because of the shortage of domestic crude. Output 
was distributed among plants in accordance with ENAP plans for 1976, 
Steel; 

Virtually the entire steel Industry is within one establishment. 

Compañía de Acero del Pacífico (CAP). We envisioned no change in the 
> . 

structure of the industry. CAP has production plans to 1970. Domestic 
consumption was projected on the basis of population and income growth. 

1/ During the interview; with Sr. Patricio Castro he said that CORFO 
hoped to have, the industry grow at 12 percent per year to 1976; 

2/ Direccián de Estadísticas y Censos; "Industrias, Año 1956". 
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except that income elasticity was computed by lagging consumption two 
years. The difference between projected demand for 1970 and CAP's planned 
production for 1970 was assumed to be exported. Exports were kept cón-
stant to 1985, and total production was assumed to grow in accordance with 
projected domestic demand. 
All other ManufacturinR Industries; 

The remaining industries are tobacco, textiles, apparel, lumber and 
wood products, printing, rubber products, leather and hides, stone, clay 
and glass, fabricated metal products, machinery, electrical machinery, 
transportation equipment, instruments, and miscellaneous. These were 
aggregated by value added and projected at two rates; (I) the historical 
rate of growth of the total manufacturing sector during the period 1953-63, 
namely, 6.1 percent; (2) an expected rate of growth accoirding to the 
Oficina de Planificación Nacional, of 8 percent,-^ 

The foregoing industrial projections are not to be confused with 
serious Industry location studies. We neither investigated possible new 
marketing opportunities nor barriers created by unfavorable costs. Nor 
did we seek to establish the optimum location of an activity within the 
country. Instead, projections are designed to approximate, roughly but 
rapidly, reasonable expectations on the basis of readily available 
evidence. There is also the possibility that some projections are incon-
sistent with other8--such as implicit labor requirements of projected 
industrial outputs and the implicit labor supply of projected populationŝ  

y Interview with Mr. Eduardo García, vice-director. The Oficina's 
estimate for rate of growth during the period 1965-70 was extended 
to 1985. 
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The Implicit annual rate of growth projected to 1985 for manufacturing 
as a wholeiis; aübut 4.$ '̂ p̂ercent for /assumptidn» A;. a^^ ^^percent 
for assumption ÍB/ . the laéteí being a rate slightly lower than the ̂ proxi-
matiely 7 percent growth rate iri'all manufacturing output between 1958 
and 1963 reported by CEPAL.-^ Should the scitual rate of growth follow 
the low path while planning follows the high path, by 1985 planned use 

of water will lead actual use by about fî e years. Most, but not all, 
f' 

major water-Using industries in Chile have been growing more rapidly than 
manufacturing as a whole, the main laggards being food, beverages, and 
chemicals'. Current programmes for food and chemicals envisage an accelera-
tion in their growth, but by how much relative to manufacturing as a whole 
cannot be ascertained. ' . 
Estimates of Water Use; Revision of 19'57 Water Ose Coéffictentis in 
Manufacturing 

The Chilean census.of manufactures (1957) collected information by 
industry and province covering en5>loyment, payrolls, installed horsepower, 
energy consumed, new investment, current expenses, total income, and value 
added; No data werp tabulated or published on physical output. CÉPAL 
baaed its projections of water use on its own survey of Water use and 
physical output of major water-using industries. Our procedure, bene-
fitting somewhat by the passage of time, was £he same as CEFAL's, We 
secured from pulp and paper, petroleum refining, steel, and sugar refining 
industries data on 1957 water use and production. "Xhe,coefficients of 

JL/ Exclusive of the petro-chemical industry. 

V Statistical Bulletin for Latin America. Vol. Il¡ No. Í, p^ge 18l'. 
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water use so reported (see discussion of projections) fell within the 

range of coefficients given in studies prepared by the National Association 

of Manufactures and the United Nations.-^ 
2 / 

Information given by the sugar refining industry,— indicated that 

CEPAL's estiraste for "food"—a two digit class that included sugar re-

fining--was probably too low by a substantial amount. There were dif-

ferences between the figures reported to CEPAL and to us for steel, pulp 

and paper, and petroleum, as well, but these were differences of 10 - 15 

percent, small enough to be explained by the passage of time, inaccuracies 

of measurements, or source of information within the industry. In the case 

of food, however, the discrepancy was much greater. CEPAL estimated 1957 

water intake as 2.5 million H^, whereas the water use coefficient for the 

refining of sugar beets Indicated that for sugar refining alone, after 

ódding the refining of cane sugar, water use amounted to 8.4 million M^. 

Since the coefficients of water use for the four industries ábout 

which we had direct information corresponded with experience in the United 

States, it seemed reasonable to use a U.S. coefficient when no other was 

available. This procedure was barred, however, by the absence of data 

on production measured in physical units. Barred also was the possibility 

of using a U.S. water coefficient per unit of labor by the fact that the 

ratio of productivity of Chilean workers to U.S. workers was probably 

different from the ratio of the respective water inputs per unit of product. 

y HAM, Water in Industry. December 1950, N.Y, 
^^^ Water for Indugtrial Use. Department of Economic and Social 
Affairs, New York, 1958. 

2/ Ltr, from Enzo Meschi, Chief Department of Research, Industria 
Azucarera Nacional, S.A,, April 21, 1965, 
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Also, we had no reason to expect that physical product per uttit of value 
added would be the same in both countries (after establishing a parity 
between US$ 1954 value added and Chilean E* 1957 value added). 

The problem was especially important for foods and beverages, since 
these are highly polluting as well as water using industries. The only 
component of the food and beverage industries in Chile for which we could 
get an estimate of water use was the refining of sugar beets. A.n official 
of Industria Azucarera Nacional, estimated that the rate of water 
use was 1.5 liters per second per ton of sugar per day of operation. lANSA's 
refineries are in continuous operation for five months a year; water intake 
for the five-month year in 1957 was 3.2 million M^. In that year sugar 
refined from cane amounted to 158,200 tons, and from beets 24,200 toñs. 
(Today the output of beet sugar is much higher, and has grown relative to 
cane.) We had no water use data for cane sugar. Using the 1954 U.S. co-
efficient for cane sugar yielded 34.4 M^ per tort or 5,400,000 M^ per year. 
Thus, estimated partly from lANSA data and partly from the U.S. coefficient 
for cane sugar, the result was 8.6 million M^ per year. When we estimated 
Chilean water use by the value added method (see below) our answer was 
7,500,000 M^. The figure for lANSA's water use, 3,200,000 M^, exceeded 
by 700,000 M^ the estimate made by CEPAL for the food category as a x>̂ ole. 

From the four industries in Chile for which we had physical output 
and water input data we concluded that in the absence of direct infoxrmation 
on water use we might be able to make a reasonably good estimate by using 
U.S. industry coefficients per unit of value added after establishing a 
monetary equivalence. A rate of parity, albeit subject to various infirmi-
ties, was suggested by the CEPAL study of Latin American price 

jj Letter from Enzo Meschi, pp. ctt. 
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levels."^ Purchasing power parity of $1.05 for one escudo, as of June 

1962^ was established on the basis of a low-incóntó corisuníer márket basket, 

priced in Santiago, representing Chile, and Los Angeles and Houston 

representing the United States. At that date the offlcial rate was $0.95 

for one escudo. We therefore ádjuisted Ü.S. 1954 values added to 1962 

prices,.Chilean.1957 values added to 1962 prices, converted from escudos 

to dollars at the rate of $1.05 per escudo, applied Ú.S. water intake 

' cbefficlents per $1 o£ U.S. value added to Chilean value added and 

emerged with the following, for the four industries for which we had water 
i 

Intake data: , 

Water Intake. Selected Industries. Chite. 1957 
(millions of M^). 

.. > Computed from 
Reported 

Computed from. Value Added Coefficients 

Pulp and paper 13.8 13.3 
,St;eel 114.6 75.1 ' 
Petroleum refining • ' • 41.3 30.9 
• Sugar (inc.lüdiag cane) 7.5 8.6 

TOTAL 177.2 127.9 

The agreement in pulp and paper as well as sugar was quité good. 

Since part of the reported sugar coefficient--that pertaining to can^ • 

sugar--was based on the U.S. coefficiient, sugar could not be used to 

verify the value added method of computation. The, results of steel and 

petroleum refining were quite poor. If we could; explain this lack" of 

correspondence, we could make 'a further adjystmenft that would permit us 

to use the U.S. coefficient of water use per unit of value added to estimate 

Chilean water use from Chilean value added. 

Several reasons could explain the disparity between reported water 

%J "A Measurement of Price Levels and the Purchasing Power of Currencies 
in Latin America, 1960>1962," Economic Commission for Latin America, 
E/CN.12/653, 1963, mimeo, page 149, 
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Intake and that estimated from value added. First, as noted above, 
physical output per unit of value added might be different in the two 
countries. Second, we might have used an inaccurate parity exchange rate, 
third, there might be differences in rates of recirculation that would 
affect intalce per unit of output. Fourth, there might be differences in 
production methods, apart from recirculation, that resulted in different 
amounts of water used per unit of product. 

We could readily ascertain that physical output per unit of value 
added, was, in fact, different in the two countries, assuming that the parity 
of $1.05 per escudo, after adjusting both prices to 1962 levels, was correct. 
(If it was not, we had no other source of information for a better parity.) 
Tons of product per dollar's worth of value added in the two countries 
comvared as follows; 

Tons of Product per $1 of Value Added ̂ ^ 
US (1954) Chile (1957) US/Chile 

Pulp and paper ,010 .008 1.25 
Steel .018 .008 2.25 
Petroleum refining .195 .062 3.15 
Sugar .024 .031 0.77 

If intake per physical unit of output was the same in both countries 
the U.S. coefficient would, overstate Chilean water use in three industries. 
The overstatement would be greatest for steel and petroleum refining. A 
possible offset of such overstatement would be the difference in recircu-
lation rates, assuming that recirculation was greater in the United States 
than in Chile. The only information available on recirculation was an 
estimate by ENAP's petroleum refinery that water intake during the four 
months of low flow on the Aconcagua River was reduced to one-tenth normal 

1,/ Ignores quality and product mix within the specified industry class. 
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Intake, the balance being made up by recirculation. If intake in á "normal" 
month is I, total intake for the year would be 8,4 to supply needs, with-
out recirculation, of 12. The ratio of water intake in the absence of 
recirculation to water intake with recirculation, therefore, would b¿ 1.4. 
For the U.S. the same ratio was 3.3. We could correct the "val̂ e addéd" 
estimate by dividing by the ratio of U.S. to Chilean output per dollar of 
value added (or multiplying by the reciprocal) and multiplying by the ratio 
of U.S. to Chilean rates of recirculation, i.e. 

^ o 

41.3 X .195 X 1.4 = 30.8 million W 
or a figure almost identical with what was reported directly. The result 
may indicate that we have correctly accounted for all variables or may have 
only accumulated several offsetting errors. The method has obvious limita-
tions, bccause if we solve for the Chilean rate of recirculation for steel, 
we get a value of .88, which is impossible.-̂  However, it is only 12 
percent away from one, which is correct. For pulp and paper the Chilean 
inferred rate of recirculation rate is 2, and for sugar refining the rate 
is l.l, computed by solving for the Chilean rate of recirculation in the 
above equation. (Direct information on recirculation rates was not avail-
able.) 

If we accept the findings for petroleum refining, we can cqnclude 
that there is a relationship between the results obtained by multiplying 
the 1954 U.S. coefficient of water use per U.S. dollar of value added 

1/ !Rie "rate of recirculation" is computed in this instance as equal to 
the total amount of water taken in in the absence of any recirculation 

' divided by the amount of intake. In the absence of recirculation the 
"rate" is equal to I. 
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(adjusted to 1962 prices) by 1957 Chilean value added, (adjusted to 1962 , 

dollars) and that the estimate will deviate from reality by (1) the 

variation in output per $1 value added between U.S. and Chile, (2) the 

respective rates of recirculation, (3) unexplained factor or factors. If 

we assume that industry in general reflects the relationships revealed 

by averaging our findings for pulp and paper, steel, petroleum refining, 

and sugar (and we have no information that will support or contradict such 

hypothesis), we can estimate Chilean water intake by applying a U.S. water 

use coefficient to Chilean value added, reducing downward the results by 

38 percent to correspond to the average overstatement revealed by the 

four industries about vhich we have data. This then, is what we did. The 

results are shown in Table v m - 6 . In the aggregate the difference between 

CEPAL's and our estimate is on the order of 10 percent, although in a number 

of parcicular industries the disparity is much greater. The effect of the 

differences in estimates is magnified several times if pollution is taken 

into account. Rates of water intake per unit of value added for 1957 were 

assumed to prevail in 1985. 

Because recirculatiori can increase, intake is an unsatisfactory 

measure of water requirements. Furthermore, for a basin as a whole intake 

overstates total requirements. We therefore need to know how much water is 

lost. Since we have no Chilean data on the rate of loss per unit of output, 

we had to adapt to Chilean conditions coefficients based on United States 

experience. 

The relationship between intake and loss as given by U.S. Census data 

was adjusted to reflect the difference between the U.S. rate of recircula-

tion and the estimated Chilean rate of recirculation. The loss rates per 

unit of intake that were used for Chile are shovm along with the U.S. loss 
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. » TABLE VIII - 5 
i 

MANUFACTURINGJ TOTAL INCOME AND VALUE ADDED, CHILE, 1957 
a" 1.000i 

Income Value Added SJ 

Food* 167,272 54,939 
Beverages '22,682 13,>09 
Tobacco 18,591 ' 16,327 
Textiles 75,490 40,198 
Shoes & Clothing 50,010 23,642 
Wood Products & Furniture 26,071 14,465 
Paper & Paper Products 18,951 5,740 
Printing & Publishing 17,156 11,171 
Hides & Leather 9,973 3,814 
Rubber Products 8,333 3,765 
Chemicals 48,436 23,763 
Petroleum Refining & Coal 

Products 23,343 9,643 
Cement, Clay, Glass, etc. 28,316 15,858 
Basic Metals 58,025 .33,016 
Machinery & Miscel. 

' t 
55,217 33,348 

TOTAL 627,866 303,39Í 

a/ Rounded 
Source; III Censo Nacional de Manufacturas 
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Table VlII-é 

MNUFACTÜRINGí WATER INTAKE 1957 

(In millions of m yearly) 

Province Food Petrol-
and eum All 
bever- Pulp Paper Chemicals refin- Steel Others Total 
ages á/ y ing c/ d/ 

Tarapac¿ .2 _ .6 • * 
m .8 

Antofagasta .2 - - 2.6 - - - 2.8 
Atacama - - •m - - - -

Coquimbo .3 - - .6 - - .2 l.l 
Aconcagua .3 - - - - - .2 .5 
Valparaíso 3.7 a - 5.2 15.4 - 4.1 28.5 
Santiago 6.1 3.1 2.1 20.3 - 3.8 15.4 50.8 
O'Higgins .9 - - .3 - - - 1.2 
Colchagua .2 - - - - - .2 .4 
Curicá .2 - - • - - - .2 
Talca .7 .2 m .6 - .2 1.7 
Maule - - - - - - - -

Linares .2 - - - - - .2 
Sub le .2 - > - - - - .2 
Concepción 1.0 2.8 3.9 1.6 - 71.3 2.6 83.2 
Arauco - - - te -

B Í O - B Í O .3 - - > - - - .3 
Malleco .3 - - - - - - .3 
Cautín .3 - - - - - .2 .5 
Valdivia .7 .6 .5 - - - .5 2.3 
Osorno .7 - - - - - - .7 
Llanquihue .3 - - - - - - .3 
Chilo^ - - - - - -

Aysán - - - m - - - -

(¿gallanes .2 - tm - - - .2 

Total 17.0 6.8 6.5 31.8 15.4 75.1 23.6 176.2 

a/ For pulp and paper we used the 1958 provincial distribution of output, as 
~ reported by FAO-CEPAL's study, "El Papel y la Celulosa en América Latina", 

Revision No. 1 (New York, 1962). 

b/ Intake in Aconcagua, Hnuble, BÍo-BÍo, Cautín, Valdivig, Osorno, Llanquihue 
and Magallanes is estimated to add up to .5 million m . 

c/ Intake of ocean water at Concón was estimated in 15,5 million m^, 
3 

Intake in all the other provinces adds up to .4 million m . 



VIII^ 24 

rates, both expressed as a percent of intake In table VIH-7. 

Although we probably overestimate iiatake in 1̂ 85 by using the sane 
intake coefficient as prevails today,V we do nO't necessarily overestimate 
loss—at least relative to U.S. experience*. Our Ignorance of what will 
happen to loss rates (and dilution requirements) per unit of product aŝ  
the rate of recirculation rises is no more profound for Chile than it is 
for the United States. 

Table VIII-8 shows both intake and loss rates per unit of output that 
we adopted for Chile. A change in the Chilean rate of recirculation that 
would lead to a change in intake per unit would not automatically imply a 
change in loss rate per unit of output. 

We face a choice in the way in which losses are to be measured. If 
all plants recirculate water to the maximum degree practicable, total 
losses for a river basin (or province) are equal to the aggregate of losses 
sustained by all plants within the basin. If no plant adopts recircula-
tion techniques, total losses for the basin are equal to losses sustained 
by upstream plants plus the fresh water intake of plants whose wastes are 
discharged into estuarine or coastal waters. Since there is relatively 
little recirculation of water by Chilean manufacturers today, and since 
the acquisition of recirculation machinery adds to total capital and 
foreign exchartge requirements, reciféulátion techniques may not be adopted 
unless compelled by absolute necessity. Because of this uncertainty we 
have computed losses in two ways: (1) as the sum of losses of upstream 
plants plus Intake of coastal (downstreep) plants; (2) aid the sum of 
losses of all plants. r 

y For steel we used the coefficient estimated for 1970. 
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Table VIII - 7 

W)SS AS PERCENT OP INTAKE 

U.S. Correction Factor ̂ ^ Chile 
Food and Beverages 11 1.8 6 
Pulp and Paper 11 1.2 9 
Chemicals 12 1.8 7 

PetrorChemicals 4 1.8 2 

Petrol. Refining 9 2.4 4 
Steel 4 1.3 3 

All Others 13 1.8 7 

y Correction factor: Recirculation Rate in U,S./Recirculation 
rate in Chile. "Recirculation rate" is equal to estimated 
intake in absence ot recirculation divided by actual intake. 
U.S. loss (as a percent of intake) is multiplied by correc-
tion factor to yield Chilean loss as a percent of Chilean 
intake. 
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Table VIII-8 

MANUFACTURING: RATES OF WAtóR USE PER ÚfíIT OF OUTPUT, CHILE 

Industry. 

Food 
Pulp 
Paper 
Chemicals 
Petro chemicals: 

Ethylene 
Aromatics 
Ammonia 

Petroleum refining 
Steel 

All Others 

Unit 

Value Added 
ton 
ton 

Value added 

ton 
ton 
ton 

. ton 

1/ 

y 

Value Added i/ 

Water intak^ 
per unit (m ) 

.13 
272.6 
95.7 

.69 

1,051.2 
1,576.8 

45.1 
26.6 

94.6 
.08 

Losses ner 
unit (m ) 

• .01 

24.5 
8.6 
.05 

21.0 

31.5 
.9 

1.1 

2.8 

0.01 

1/ Value added computed in escudos of 1962, 
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Output was distributed between downstream and upstream locations for all 
manufacturing groups except foods and beverages by classifying each 
province on an all-or-none basis as inland or coastal. This could be done 
because most manufacturing activity can be assigned to a single city or 
small region in each province, and an all-or-none classification introduces 
little additional error relative to the uncertainties that are already a 
part of the projections. In the case of food processing, however, the 
industry is diffuse and numerous and tends to be distributed in the same 
pattern as population. For this reason food manufacturing was distributed 
in proportion to the estimated distribution of urban population between 
coastal and inland cities. Table II-1 shows the all-or-none and percentage 
distributions that were used. 

The results of these estimates are sutnmarized in Table VIII-9 for 
1965. Loss I is computed on the assumption that seaside plants do not 
recirculate and that all intake is discharged into salt water. Loss II 
assumes that only evaporation, transpiration, and water incorporated into 
the product has to be taken into account in downstream plants as well as 
upstream. This assumes, in turn that either there is complete plant 
recirculation or that all waste discharge is captured for other uses. 
Only one intake rate is given. One can, however, assume that the theo-
retical limit to which intake falls as recirculation rises is given by the 
column headed Loss II. The theoretical limit is not likely to be reached 
since process water is usually purged after it has reached a certain level 
of contamination. 

Table VIII-9 shows the very large estimated effect on requirements 
that result from failure to adopt maximum recirculation efforts at coastal 
points of intake. The industrial region around the cities of Valparaiso 
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and Concepcl($n -can reduce their intake of fresh water by a magnitude that 
approaches 95 percent, if we can judge by the relationship between intake 
under present conditions of recirculation and estimated evaporation losses. 
Detailed tables for the Medium B projection are in the appendix. 

Substitution of saline water for fresh water for cooling, washing, 
and waste disposal would not materially reduce losses of fresh water com-
puted as Loss II, but would, of course, have an absolute effect equal to 
the amount of fresh water displaced under Loss I. Loss II, therefore, is 
also indicative of minimum fresh water requirements where there is 
maximum use of salt water* 
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Table VIII-9 

MANUFACTURING J INTAKE AND LOSSES I AND II, 1985, MEDIUM A AND B 
(In. thousands m^/yr) 

Medium A Medium B 
Province Intake Los si LossII Intake Loss I Loss II 

• á/ y y 

Tarapacá 2,000 1,955 136 3,300 3,232 225 
Antofagasta 7,000 6,842 486 11,400 11,163 792 
A tac ama - - - - - > 

Coquimbo 3,700 3,277 250 5, 700 5,136 387 
Aconcagua 2,100 163 138 3,000 232 198 
Valparaíso 141,800 139,036 6,203 211,500 210,534 9,610 
Santiago 235,100 14,518 14,217 374,400 22,564 22,164 
O'Higgins 3,000 188 188 4,400 278 278 
Colchagua 1,800 140 121 2,400 185 162 
Curieó 400 28 24 600 42 36 
Talca 6,200 446 446 9,000 648 648 
Maule 24,900 24,900 2,241 32,000 32,000 2,880 
Linares 400 24 24 600 36 36 
¡fuble 500 35 30 600 42 36 
Concepcián 331,500 331,348 11,625 444,200 444,003 16,312 
Arauco 25,000 25,000 2,250 32,000 32,000 2,880 
Bío-Bío 113,000 10,143 10,143 149,100 13,383 13,383 
Malleco 900 54 54 1,100 66 66 
Cautín 2,200 162 145 3,000 221 198 
Valdivia 7,500 6,789 571 10,400 9,452 792 
Osorno 1,G00 108 108 2,400 144 144 
Llanquihue 9Ü0 646 54 1,200 862 72 
Chilo¿ - . - -

Aysín - - - m - -

Magallanes 33,800 33,800 692 34,000 34,000 704 

Total provinces 945,500 599,602 50,146 1,336,300 820,223 72,003 

a/ Loss I, manufaccuring losses computed on the assumption that downstream 
plants do not recirculate and all downstream intake is lost. 

b/ Loss II, manufacturing losses computed on the assumption that there is 
complete recirculation in dovmstream plants. 





Chapter IX 

MJNCIPAL HATER USE 

fiS.micipal vmter requirements are treated as a homogeneous use although 

they are coioposed of several separate elements: household, coiDsiercial, 

light manufacturing, civic and sanitary. The usual method of estimating 

municipal requirement is to start r/ith a historical per capita figure for 

each class of use, project the trend, coiapute total requirements by 

multiplying by expected urban population 8Jid sum up the results. There 

are a number of obstacles to the pursuit of such method in Chile, yet no 

other is likely to yield better results. 

Data on curi^ent use of water per capita from municipal systems are 

inexact because the number of people in each community served by the 

water system is not knovna.^ Projections for the future cannot be made 

on the basis of current quantities being used because of the restrictions 

iraposed on users in "almost all of the large services." Also, ''it has 

been statistically impossible to distinguish v;ith precision the domestic 

use of water from other municipal uses,'' 

CEPAL estimated that municipal v/ater use was distributed as follows: 

domestic, 40 percent; industrial, 10 percent and public services 20 percent. 

The destination of the remaining 30 percent is not knovm, although it is 
2/ 

suspected to be mostly leakage,-

Orggjiization of Municipal Supply 

Domestic water supply in Chile is the responsibility of the Dirección 

de Obras Sanitarias of the Mnisterio de Obras Bíblicas for all coamunities 

except Santiago, Antofagasta and a fevr coastal ar:d mining tovms, lirhich 

1/ Hansen, OD. cit. p. 47 

2/ CEPAL, p. 59-ÓO 
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have their ovm systems. The rate schedule used by Obras Sanitarias is 
imifo.jrni.for the entire. country except for two groups of coastal conipinities, 
one of, which pays, a higher and the other a lower rate than the country-wido 
schedule. Several of the coastal cities that pay lower than a-"-erage rates 
are in. the far North: Pisagua, Iquique, Tocopilla, and Taltal. Water is _ 
metered and consumption beyond a stipulated quaMity is subject to a 
progressive rate schedule that becomes constant after the second junro in 
unit price. 

According to Chilean law the rates charged water users are supposed, 
to be fixed to covei! all costs including an "adequate" return to capital. 
CEPAL concluded that in 1958 the ''situation was very far from this objective," 
that rates did not cover a quarter of estimated costs, and that the 
deficiency in income was equivalent to the cost of supplying municipal 
water to 500,000 people annually. 

The deficiency in income today is apparently much greater. On the 
basis of an 'average" Chilean household vmter bill,-'̂  the charge per cubic 
meter in. 1965 was about three and ar-ha:lf times the charge computed by 
CEPAL for 1958 (about 53 pesos per M^ in 1965; about 15 pesos per M^ in 
1958), an increase that falls short of the change in the consumer cost 
index (dominated bj?- prices subject to control) by about }0 percent.2/ 

1/ CEPAL, p. 64. 
2/ Based on thê basic rate schedule of 30 for 760 pesos, plus 

another 30 W at 40 pesos per cubic meter, plus 80 pesos per W" 
for the remainder, computed bi-monthly, and assuming 35 M^ per 
person per day. 

^ One tho'Jsand pesos equals one escudo. The 1965 price- is about 
US $ 0.05 per 1,000 gallons. 
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Varying estimates can be found of the present deficiency in domestic 
water supply CEPAL, (p. 59), estimated that 3,200,000 people or 44̂ 5 percent 
of total population, had a public water supply in 1956, According to Harisen, 
(p. 56), 3,500,000 people in urban centers of 900 or more were served by 
public systems, but of this number 900,000 (or about 25 percent) v/ere 
supplied by public spigots, Tvventy-one percent of urban residents lacked 
any type of service, and only six percent of rural population (centers of 
less than 900 people) were served. 

A background report of Dirección de Planeamiento of the Ministerio 
de Obras Piíblicasi'̂  showed that 56 percent of dv/ellings in the countiy 
as a whole v;ere supplied with plumbing in 1960. The highest percentage 
was in Santiago, v/ith 81 percent; the lowest was in Chiloe with 9.7 per-
cent« Current per capita water use supplied by municipal systems is 
relative3.y low. For the country as a v/hole Hansen quotes an estiicate 
of 262 liters/per capita/per day. This can be compared with a per capita 
use df 480 liters per day in the United States in 1950.?/ 

The rapid growth of urban population, the pressure of sanitary 
needs, and the programs of the Alliance for Progress, WííO, and other 
international agencies will contribute to a rapid ioacrease in domestic 
water use. Under legislation now in force in Chile all urban centers of 
1,000 and more are to have a public water system which "is equi.valent 

V Antecedentes para el Planeamiento Provincial de Obras Publicas, 
"" Vol. I, Generales e Inversiones, Oct, 1963. 
2/ Hansen, pp. 46, 47. 
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to supplying practically the total urban population of the country. 
The decennial plan of the Dirección de Obras Sanitarias calls for 
extending nev/ facilities to 26,100 iniiabitants located in centers of 
less than 1,000 inhabitants. 

From the point of view of water use the extension of facilities 
to relatively small coromunities poses no significant problem. There 
still remain the questions of the ninimum size that a community can 
be and still be given a public supply system and v/hat type of service 
should be rendered. These are important questions relative to the 
allocation of capital funds even if unimportant relative to water per se. 
They are, however, outside the scope of this study. 
Ero.ieGted Stoicinal Intake and Loss 

Itoiicipal water intake was estimatéd as a function of urban populátion 
and size of urban coraiBunity. 2/A 

distinction was also made among broad 
zones, of the country. In cqnanon with estimates made by CEPAL and other 
authorities, per capita use in the four northern proviiices was assumed 
to be less than in cities of the same size in the central zone, a 
reflection of the inadequate capacity of mvinicipal systems to meet the 
demand for water. V/hile this assuiî jtion mingles supply and demand forces, 
the Centro de Investigaciones concluded that any other assumption v/ould 
be unrealistic for the period of the projection. 

Estimated water use for domestic puiposes by rural inhabitants is 
also given. This category covers ccmmunities below 1,000 inhabitants as 
well as isolated families. 
1/ Hansen, op. cjt. p. 57; also memorandum of 18 Feb. 1965 of the 
~ Director of Obras Sanitarias to the Director de Planeamiento of the 

Ministî - of Public Works. This memorandum states, in addition, 
that sewage systems are being provided for all cities of 5,000 or 
more. 

2/ Estimates made by Centro de Investigaciones Econ̂ mas, Universidad 
Católica de Chile 
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A distinction bet?ieen upstream (inland) and dovmstreani (coastal) users 
(Table II-l) malees it possible to compute requirements for municipal 
purposes as equal to upstream losses plus dô 7n&'tresm intake. Losses ara 
assumed to be 20 percent of intake in all cities. V/herever doYnristream 
Toaste discharge can be captured for industrial or agricultural use, the 
downstrean flow requirement can be computed v/ith t.he use of doT/nstream 
municipal losses rather than intakes. All rural domestic intake was assumed 
to be lost, \7hether upstream or downstreajn. 
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Table IX̂ l • 

MINICIPAL INTAKE Í̂ER CAPITA PER DAY 
(Liters) 

Group 
I II III IV y 

I. 150 200 250 
n 200 250 290 370 400 
III 160 230 260 350 

Zone I Tarapacá - Coquimbo 
Zone II Aconcagua - Linares 
Zone III fuble to the south 

Group I Cities up to 5̂ 000 inhabitants 
II 5,000 - 10,000 inhabitants 
III 10,000 -100,000 
IV" 100,000 -500,000 
V Over 500,000 " 

Rural domestic intake for all regions: 100 liters per capita per day. 

Source: Centro de Investigaciones Económicas 
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WASTE TREATMENT AND WASTE DILUTION 

Data on pollution and water quality are particxdarly deficient. 
'There is no information on volumes of waste produced, levels of treatment, 
effect of waste discharge on water 4uality, and effects, if any, of 
deterioration in vmter quality on subsequent uses. 

The CEPAL report had this to say about pollution: "Currently the 
River Mapocho, because of large quantities of polluted water discharged 
from Santiago that go directly into the river, and the Rapel River, 
because of processing residues from the copper mine of El Teniente which 
are discharged into the Cachapoal, are contaminated or in danger of 
contamination, riotwithstaiiding the works designed to avoid this 
objectionable state of affairs...The pulp mills under construction 
(San Rosendo) or that will be built on the Itata, iifeule and BÍo-Bxo 
rilrers will also be able to defile the waters. 

In addition to v;aste dilution there is a requirement in many com-
munities for a flow of water to flush the sewers. Some of the newer 
sewage systems have enough slope to eliminate the need for "washing" the 
sewers, but most, apparently, require either intérmittent or continuous 
flushing. Most cities possess water rights for flushing. According to 
liansen the rights are usually for quantities in excess of needs: as 
sewage systems are improved or replaced the need for flushing v/ill be 
reduced or eliminated. Flushing now represents a relatively small denand 
for water in each province, except for the city of Santiago. CBPAL stated 
that only eleven cities, all relatively small, had sewage treatment plants. 
(In 1965 Santiago was still without a treatment plant), ko infonnation 
was available on the quality of coastal and estuárine waters. Except for 

y p. 100. 



XI - 2 

the siltatldn of shell fishery beds- in the Sóütlvas a result of the 
1960 earthqualce, there was no Information on the possible threat to 
coastal fisheries by pollution. 

If the requirement for water is mestsured by loss to the atmosphere or 
incorporation in the product, it is implicitly assumed that récirculation 
can proceed indefinitely. The question still unsettled is the quality of 
intalce water as each user discharges waste into the stream. In lieu of the 
exact Icnowledge acquired by routing water down the stream v/e shall assume 
that if the dissolved oxygen content of water in the river does not fall 
below a designated minimum after mixing with the decomposable organic 
matter discharged by cities and industrial users, the river will serve 
the usual range of purposes without exceptionally high costs of treatment 
or aesthetic offense. A conanonly used standard is a dissolved oxygen 
content of four milligrams per liter of v/ater.i'̂  

In coB?>uting vmste dilution requirements it was assumed thát if the 
outfall of waste was "doV/nstream" no dilution was required. By failing 
to provide dilution water for waste discharged along the coast or in 
estuarine waters v/e implicitly assumed that coastal marine habitat would 
not suffer nor would beaches used for recreation be adversely affected. 
V/e have no information on the validity of this assumption. 

1/ The choice of 4 mg/l of dissolved oxygen as a standard of water quality 
"" does not rest upon knowledge that DO is a critical factor in the quality 

of Chilean waters or that DO is a satisfactory proxy in Chile for other 
qualitative characteristics. It has been adopted for this report because 
we shall make estimates of organic pollution — municipal and industrial 
— and Inquired waste dilutions based upon United States coefficients. 
Our discussion of water quality is limited to organic pollution in the 
absence of information regarding other pollutants. There is a salinity 
problem (but we do not know how much is natural and how much man-made, 
or how serious it is) as well as pollution by coliform bacteria, about 
which data also incomplete. 
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In oyder to estimate what might happen in 1985 we us?d coefficients 

originally p^pared for the Central Pacific region of the Ünite4 States. 

pilutioh requirements were cc^uted over a range of treatment levels 

e*tencling from aero tp 90 percent removal of biochemical o^gen demantiing 

(BOD) substances. According to Rei4's fornwlas, dilution flows are linearly 

related to the quantity of waste discharged, given a desired l^vel of dis-

solved oxygen in the stream after mixing with the waste. The dilution needed 

foi;' waote that hc.s had half i ts BOD removed (50 percent treatment) is 

twice the ailutlon needed for 75 percent treatment and half the quantity 

for no treatment. Among the possible source^ of error in translating 

Central Pacific conditions to Chile is the fact tha-̂  dilution flows 

for the former are computed fox- euramer low flows, when tenpera+-iree are 

high tmd velocities low, conditions under which the natur?il oxygenation 

capacity of the river is at i ts lowest point within the year. The degree 

tp which the reoxygenation capacil̂ y, and therefore the waste assimilation 

capacity, of Chilean rivers behaves in corresponding fashion is not 

toioviix. For exaa^le, if h i ^ teraperatuires are accompanied in Cnl i.a by 

peaks rather than troughs of flow anĉ  turbulence, as is the case in certain 

basins, dilution flows based upon y.S. experience will overstfite Chilean 

requirements. Another possible source of overstatemen:t is the fact that 

the gradient of most Chilean rivers is relatively steep, contributing 

to a relatively high average velocity. Furthermore, Reid's estimates are 

y Estima:ie3 of waste produced and dilution requirements for various levels 
of trijatment were taken from «IVater Requirements for Pollution Abatement," 
by George Reid, Water Resources Activities in the United Stateq. Cominittee 
Print #29, U.S. Senate Select Comiaiittee on National Water Respuic^s, 
Washington I960, as adapted by N̂  WóUman, ^ater Supply and Demand, manu-
script in preparation for Resoyrces fpr the rutureT^E?*The Central 
Pacific region was selected becauise i t rese?nbles Chile more th¿n a?^ 
other region of the United States, 
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subject to IMÜ unlmown r ^ ? of erro? for rivers of the Onited States. 
His TOthod of estimatton i? upon the assumption that the flisoharge 
of waste along the river is proportions to the gradual, increase in flow 
from headv/aters to ftouth, an ̂ sswtion contrary to the point loading 
that is actually encountered. We cannot engshasize too stronê y that 
our estimates of dilution requirements c^ Ise accepted only as a startiî  
point for the necessary investigations that must hp \̂ dertaJien in Chil?. 

Reiri concluded that treati?ent levejs in ̂xĉ ss of 9p percent would 
contrihu'&e n:itrogen and phosphorus to th? rivers of the Central Pacific 
region in such quantity that algal hlocaas would create ̂  secondary de?iand 
for oxygen and lead to ̂ n increase, rather thap reduction, in dilution 
water requirements. Even at 90 percent the effect of plant nutrients 
is vioible in his esti®ates, since reqviireaê ts at 90 percent treatn̂ ent 
are soaewhat in excess of half the saount Shown for 80 percent, Y/hether 
philean rivers wóuid respond in the sajae way to high levels of waste 
treatmsnt is another question that wist he settled specifically for Chile. 
Another sofcrce of possible errpr is the fact that we make no dtlstinction 
among rivers in various parts of Chile, in the North, scans of the river? 
appear to behave as trickling filters, whereas in the so\?th rivers c a ^ 
large volumes of water, are much deeper, and seem to nwve more slowly. 

In estimting Chilean waste dilution flows the same relationships 
wer̂  maintained between industrial intake water $nd pollution that was 
estimated for 1980 for the Centra:). Pacific region, after adjusting for 
estimted differences in intake per unit of output. Thus, in the Central 
Pacific region 1980 water intake for food and beverages was estin»t9d 

1/ There is, also, the possibility of adopti^ treat^n* techniques, 
about which little is known at the level of practical operation̂  that 
wou:|,d remove plant nutrients waste liquor and eiimiwte ifĥ  nééd 
for their dilution. 
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at 277 millions of gallons per day (M3D) and P.E.'s M 13*8 per -day. 
Converting 277 MGD to millions of cubic meters per year and multiplying 
by 1.8 to correct for less recirculation in Chile gave 2 P.E.'s per dam-
per 100 nállion cubic méters of intáke water per yeari By applyir̂  
this coefficsient to Chile wé in5)licitiy adopted the Central Pacific mix of " 
the food processing industry—more accurately, the same waste-producing • 
mix per unit of intajce water. ' Since we had no v̂ay of making distinctions 
among the varipus sub-̂ groUps of the food industry according to their • • ' 
capacity to produce waste, we could' follow no other course.^ In the same 
way we estimated the output of P.E.'s for pulp and paper and chemicals.. 

Petroleum refining wastes were handled differently because of the . 
problem introduced by extensive use of salt water for cooling. Accordingly, 
we used Reid's. implicit estimate for the United States of 4.4 P.E.'s per 
day for an annual output in 1954 of 403.1 million CUÍDÍC meters of crude 
loms to stills, or .011 P.E.'s per day per million cubic meters of output. 
This figure was then applied to the estimated Chilean production. 

To summarize: We estimated pollution produced, as a function of 
intake, after adjusting U.S. intake to correspond with estimted Chilean 
recirculation rat̂ s.' We- then estimated dilution flow as a funQtios; of • ' ' 
P.E.'s discharged into rivers after treatment, after subtracting y/aste ̂  
that was discharged, directly intci óoastal waters. All pollution v/as 
measured in .' population equivalence. 

1/ "Population equivalents," a measure of industrial waste,,in millions 
of units when capital letters. One unit (p̂ ei) is.the quantity of 
"oxygen required to Completely reduce the organic oxygen demanding 
wastes of one population equivalent". Reíd, p. 9. 

^ The same problem applies to the estimates of pollution in the various 
regions of the United States, since the "food industry" was conceived 
to be homogenous throughout the coimtry for the purpose of estimating 
gross pollution. 
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By adopting a standard of Instream v/ater quality as 4 fflg/1 of 
dissolved oxygen, we inplicitly assxuued that other pollutants v/ould also 
be adequately diluted to render unnecessary special costs of treating 
intake water. There may "be, of course, special cases in which this 
assun!$>tion might not hold. 

Table X-1 shows the coefficients taken from the Central Pacific 
region of the United States, the special computation of waste load from 
petroleum refining, and the dilution requirements, expressed in millions 
of cubic meters per year per one million population equivalent discharged 
per day into the stream. 

Using the coefficients of Table X-1 we estimated P.E.'s produced in 
each province, subtracted P.E.'s discharged downstream (i.e. into brackish 
or salt water) and computed dilution requirements as a function of the 
level of treatment. V/aste dilution flows are shown in Table X-2 for the 
projection of manufacturing output based upon the higher, 5.5 percent, 
rate of growth. Manufacturing waste dilution requirements for the lower 
rate of grovrth would be about 28 percent lower. Since only manufacturing 
flows are affected by ciianging the assumed rate of growth in GNPiî  thé 
difference in total réqüired flows, municipal as well as Industrial, 
between the low and high rates of grovrbh is only 6 1/2 percent. (See 
Appendix for summary of Jfedium A plus municipal flows and P.E.'s produced 
and discharged.) 

2/ This assumption is most likely to be wrong, since the ratio of urban 
~ to rural population is likely to be related to the rate of economic 

growth. 
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Table X-2 reveals that estlii»ted flows are divided roughly In the 
ratio of 3 1/2 for municipal to one for industrial requirements.Diluticm 
flows for the projected population and industrial output would be about 
33 billion iiP/year in the absence of treatment, about 21 billion M^year 
if primaiy treatment is pvoviúeú, about 10 billion Wp/year if secondary 
treatment is provided, and about 4 billion M̂ /year if treatment is carried 
to 90 percent removal of biochemical oxygen demanding substances. 
Should the stipulated oxygen level be higher or lower, required flows would 
be higher or lower, but not necessarily in direct proportion. 

One province, Santiago, accounts for more than half of the total 
dilution flow, and most of the requirement is generated by municipal 
(rather than industrial) waste. Regions south of Santiago are also faced 
with the threat of quality deterioration but compared with Santiago the 
threat is almost inconsequential. 

^ By contrast, projected requirements for the United States for 1980, 
medium grovrbh rate, indicate a required flow of 1 1/2 for manufacturing 
to 1 for municipal waste dilution. 





Chapter XI 

' TOTAL .WATER REQUIREMENTS 

We can now put together the projections of water requirements in 
Industry, agriculture, mining, steam electric power, and general municipal 
use, and compare the results of alternative assumptions regarding rate of 
Income growth and the form in fHiich "water requirement" is expressed.' We 
can, after examining the water supply, compare projected requirements 
with available runoff and see what shortages, if any, should be antici-
pated, which activities contribute most to the shortage, and whether the 
need to meet downstream requirements will provide adequate dilution flows. 
We can also see how much regulation of surface flow is implied in the-
projections, and whether a regional redistribution of activity can signi-
ficantly lower projected costs of water. We can compare projected 
agricultural output in the absence of water constraints with water re-
sources available,and determine by how much pro'ductivlty per hetítare 
will have to be increased in order to meet, or at least come isa close as 
possiblê  projected outputs. These matters will be discussed in thi« and 
succeeding chapters. 

The reader must never lose sight of the fact that the empirical base 
on which all conclusions rest is a compound of meagre bits of information, 
frequently contradictory, tentative measurements, and boldly adopted 
assumptions usually involving the transposition of a technical coefficient 
from one context to another. We have no way of knowing what range df 

U Because we have assumed a considerable improvement over present 
practices in the use of water .for agriculture, the main consumptive 
use, we do not expect that further economies in the use of water are 
likely to be achieved within the time horizon of this study. 



XII - 2 

error should be anticipated, not only because we deal with hypothetical 
conditions twenty years hence but because the error of measurement in the 
present cannot be established. 

By water "requirements" we mean the amount of water of appropriate 
quality that must be available to a user whoSe output is included in the 
projections for 1985 and whose product requires a water input plus the 
water required for municipal systems. The amount of water required for 
a particular bill of goods and services depends upon the technology of 
water use that prevails. (Possible variations in technology that one 
might theoretically consider are considerable, and include variation in 
the degree of recirculation, substitution of dry processes for wet 
processes and other changes in technique of production̂  and variation in 
the intensity of waste recovery. Except for what has already been 
stipulated we do not consider these possibilities). To some degree changes 
in technology can take place without destroying the basis of our estimates. 
For example, an increase in the rate of recirculation practiced by up-
stream non-agricultural users should have little effect on our estimates 
of evapotranspiration losŝ  since the amount of water consumed during each 
cycle is presumably about the same as is consumed on a once-through 
basis. Intake would change considerably, but loss very little if at all. 

When we talk of a region's "water requirements" we mean the amount 
of water that must be flowing in the stream in order to meet intake require-
ments of all users and at the same time satisfy instream uses. This is 
not an abstract idea If we know every point of use within a river basin 
and what relationships exist at any point among intake requirements, rate 
of flow, original quality, recoveries from previous users, quality changes 
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water treatment, and waste treatment.In the absence of such detailed 
knowledge we have adopted the convention of a two-point region; an up-
stream point and a downstream point, between which all activity is divided. 
All water discharged from an upstream user is presumed to be recoverable 
for further use; water discharged from a downstream user is presumed to 
be irrecoverable unless it is intercepted before it mingles with waters 
of the estuary or sea. 

In the formulation of alternative ways of measuring water requirements 
the term "intake" refers to a diversion of water from the stream channel 
to a separate hydraulic system such as a city water works, irrigation 
project, power plant, or foundry. The term "loss" refers to the dis-
appearance of water to the atmosphere by evaporation, transpiration, 
incorporation in the product, or wetting of the soil or penetration of 
the sub-soil in such fashion as to be irrecoverable. "Discharge" refers 
to waters turned back into a river or other receiving body of water after 
use; the drainage of irrigation water is a comparable phenomenon, but is 
usually described as "return flow" or "recovery of waters". The "loss" 
of water for all uses except irrigation is usually measured by the 
difference between intake and discharge. In the case of irrigation loss 
it is equal to the difference between the amount of intake and the amount 
recovered by drainage to surface channels or recoverable from recharged 
aquifers. Fresh water that is discharged into brackish or salt water is 
'Uost" from the fresh water supply of a region, but in our discussion we 
shall try to maintain the distinction between losses suffered within the 
process of use and losses suffered by virtue of the place in which used 

1/ We assume that surface and ground water are interrelated and that 
we can speak of all water supply in terms of surface flow. 
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water was dlseharged. Both types of loisses ar€ subject to mcdlficatloa; 
by variation in the technique of usé-or disposal, . 
latalje 

Although the aggregation of intáke requirements yields a figure.that 
has little meaning, since it fails to account for the possibility that 
water can be used more than once, it is a common indicator of water use 
and will reveal, for a designated level of water supply, the implicit 
rate of basin-wide recirculation. Because of the relatively small dif-
ferences revealed between projections A and B, (see last two columns in 
Table Xl-1) we shall limit ourselves for the most part to the results of 
the higher rate of income growth. . 

The figures on offstream use show the dominance of irrigation. 
Of a projected total intake of 50,5 billion M̂ /year agriculture accounts 
for 45,9 billion M^, or roughly $0 percent. Mining, which is Chile's 
main export industry, accounts for less than I percent. Roughly 3 percent 

2 / 

each goes into manufacturing, municipal, and steam-electric power 
The geographic distribution of projected requirements, which, of 

course, is only distantly related to the geographic distribution of water 

1/ The total of 45,907 million Mu/year for agriculture and livestock is 
divided into 45,759 million ñ/year for irrigation and 149 (rounded) 
million for livestock watering, 

2/ By contrast, projected water use in the United States for 1980 shows 
agricultural withdrawals accounting for about thirty percent, steam-
electric power accounting for almost one-̂ half, roughly 15 percent 
for manufacturing, about 5 percent for municipal use, and about 1 
percent for mining. Part of the difference between the two pattetns 
of use is the result of the dominance of hydroelectric power in Chile, 

A-
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Table XI-1 

INTAKE (WITHDRAWALS): OFF-S'^AH USES, 1985, MEDIUM B 

(Millions m^/vr.) 

Province Agriculture Mining- Í Manufw . ̂ team EÍec. Municipal Total 
i / 

Medium -
B 

Total 
intake 
medium 
A 

Tarapacá 371 I 3 
i 

1 17 394 392 

Antofagasta 91 78 l i ' 989 40 1,210 957 

Atacatna 588 166 12 23 790 693 

Coquimbo 2,433 21 6 12 33 2,510 2,495 

Aconcagua-
Valparaíso 2,771 87 215 130 147 3,349 3,197 

Santiago 6,112 19 374 78 886 7,470 7,324 

O'Higgins-
Colchagua 6,940 36 7 49 7,032 7,016 

Curicé-
Linares 11,772 42 2 70 11,887 11,876 

Suble 3,546 1 25 3,571 3,571 

Coucepci¿n-
Cautín 11,214 - 629 13 203 12,059 11,902 

Valdivia-
Llanquihue 29 14 .. 1 . 81 125 121 

Chilo^ 5 ca » 3 8 a 
Aysén 8 y 34 - 6 14 14 

Magallanes 23 6» • 19 - 78 78 

Total a/ 45,907 409 1,336 1,239 1,603 50,495 49,644 

a/ Discrepancies due to rounding. 
3 

y Less than 500,000 m /yr. 
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resources, is determined by two major forces; 
(1) The availability of irrigable land; 
(2) Xhe pattern of population and non-agricultural activity. 
We cannot render any judgment regarding the likelihood that water 

shortages will make impossible the production of projected outputs so long 
as we look at gross requiretoents, but we can see what is implied in the 
way of average rates of basinnwide recirculation. If we assume "full" 
regulation--i.e. flows ©re regulated to yield a steady flow equal to 
estimated average flow — a n d also assume that water is required in the 
same even manner, the implicit rate of basin-wide recircula,tion is as 
followsÍ 

Tarapaca' 4.6 
Antofagasta 11.5 
Atacama 3.4 
Coquimbo 2.6 
Aconcagua-Valparaíso - 2.4 
Santiago 2.2 
0'Higgins-Colchagua 1.0 

Elsewhere the rate is below one. Most of the implicit recirculation 
in these figures is attributable to agriculture. Only in Antofagasta does 
non-agricultural intake imply considerable reuse; In Atficama non-
agricultural intake is approximately equal to average flow. 

y Because of the likelihood that flow in a future period will not 
exactly repeat the experience of the period of record, "full" 
regulation is a hyperbolic phrase. 
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The significance of impliclt basin'̂ wlde recirculation is in the .. 

relationship that mighc exist betwefett repeated intake ̂ nd discharge and 
J 

change in water quality. If the cycle-is attributable to agriculture, 

water is likely to become mineralisedj if the cycle is attributable to', 

domestic use, water will accumulate organic material'áhd some salts as 

well; if the cycle is attributable to mining or manufacturing, -water may 

accumuláte a wide variety"of organic and inorganic substances, depending 

on specific activities; if"the*cycle is-attributable to steam-electric 

power, water can accuihulate ̂ eat. Manufacturing uses can also add heat. 
-J * ' 1 '' ' ' 

Except for ttíé estimates made regarding biocheioical oxygien demand of . 

industrial'and municipal pollution havé Ignored the obvloüsly important 

question of whether ĵ tojected uses will have serious-qualitative Agffects. 

Losseis . , . 

If we assume that all water can be used until it is lost to the 

atmosphere or incorporated in the product (which implies that disr 

charged water can be recaptured for further use) the measure of loss Is. 

as given in Table XI-2. If we a'ssumé that certain downstream:users or 

class of users discharge used water into estuaries or coastal waters, so 

that such water is no longer recoverable as "fresh" water, "losses" must 

be raised to account for such discharge. Under these latter circumstanc.3, 

the fresh water supply that is lost is equal to evaporation and trans-

piration losses, water incorporated into the product, and̂  for designa-

ted users or classes of users,' gross intake or withdrawal of fresh water. 

Table XI-3 shows alternative estimates of losses when? 

(1) all downstream municipal and.agricultural intake is considered 

to be lost, 

(2) all downstream intakes are considered to be lost. 
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AIso^ because of uncertainty regarding the estliaates of mining water use, 

ve have made an alternative coi!q>utation on the assumption that all mining 

intake is lost. 

The projected "requirement" for water can be framed either in terms 

of all losses, certain losses plus certain intakes, or certain losses and 

intakes plus waste dilution flows, depending upon optlx)ns that a country 

may have regarding instream uses of water, recirculation, treatment at 

point of intake vs. treatment at point of discharge, and substitution of 

dilution flow by treatment or vice-versa. In particular instances some 

options may not be available because of limited supplies of water and 

constraints upon the expenditure of funds on water resources. 

Table XX-2 shows what losses would be Sustained on the assumption 

that no discharges took place into salt; water. Tliat is, losses of down-

stream users. Including agriculture, are computed as though they were 

upstream users (or as though all users recirculated their water until it 

disappeared.) Such an estimate of losses is, of course, an under-

estimation in comparison with practices that are now current, but does 

reveal what'might be considered a minimum water requirement for projected 

activity on the basis of production technology in use or readily available. 

ISiese losses are estimated in all cases from coefficients derived from 

U.S. experience and therefore may be in error because of errors of trans-

lation. It is likely that the errors are on the side of underestimatlott.'̂  

The figures reveal that about 98-1/2 percent of losses so computed 

i/ Mainly because of the relatively inefficient canal system in Chile 
that Would contribute to highet delivery losses of irrigation watei* 



XI - 9 

Ta^e p - 2 . 
LOSSES: OFF-STREM USES, 1985, MEDIUM B 

(Million M^/vear) 

-v.. Agricul- Steam- Muni- Total Average 
Provincê  ture mniñg Mfg. elect* cipal v a/ supply 

Tarapacá 242 y y y 3 245 86 
Antofagasta 59 12 1 4 8 . \ 84 105 
Atacama 383 '25 •• y 5 413 22S 
Coquimbo 1,590 3 y y 7 1,600 953 
Aconcagua- y y 

Valparaíso 1,806 13 10 1 29 1,859 1,423 
Santiago 3,983 3 22 y 177 4,185 3,371 
O'Higgins- y 

Colchagua 4,522 5 . y - 10 . 4,537 6,973 . 
Curicá-

. y 

Linares 7,672 - 4 y 14 7,690 23,302 
iJuble 2,322 - y ^ 5 2,327' 6,749 
Concepcién- y 
Caütín 7,-344 33 y 41- 7,417 61,487 

Valdivla- y 61,487 
Llanquihue 29 1 y 16 46 71,164 

176,203í 
Chilo^ 5 _ ta 1 6 ) 
Aysén 8 b/ - 1 9 ) 269,317 c/ 
Magallanes 23' i y 4 28 ) 

Total 29,989 61 72 5 320 30,446 . . . 

Note; In this table losses are limited to evaporation-transporatlon, disappearance 
Into the product, and irrecoverable ground water.. 

a/ Disparities due to rounding. ' 
b/ Less than 500,000 M^/year. 
c/ Sum of flows in seven major rivers of three southern provinces (CEPAL, p. 31.) 
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Table XI-3 
SUMMARY: ALTERNATIVE: WAYS FOR COMPUTING PLOW REQUIREMENTS, 1985, MED. B 

(Million M̂ /vear) 

Case I ^ Case Case III Case IV 
Municipal and (Case I with mining Upstream Waste. 

Province agriculture down- intake instead of losses dilution 
stream intake plus loss) All intakes at 90% 
all other losses down treatment 

+ losses 
Tarpacá 311 312 328 256 
Antofagasta 103 169 344 157 
Atacama 439 580 493 473 
Coquimbo 1,766 1,784 1,794 1,671 
Aconcagua-Valparafso 1,979 2,053 2,456 2,063 
Santiago 4,240 4,287 4,254 6,363 
0* Higgins-Colchagua 4̂ 557 4,587 4,557 4,717 
Curic<i'Linares 7,946 7,946 7,977 7,904 
fiuble 2,333 2,333 2,333 2,421 
Concepcián-Cautín 7,591 7,591 8,150 8,069 
Valdivia-Llanquihue 56 56 95 186 
Chilô  7 7 9 9 
kyséxi 11 11 15 9 
Magallanes 28 28 79 28 

Total 31,366 31,714 32,883 34,327 

Át Agricultural intake is the excess over municipal discharge. 
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Table XI-4 
Î OSSES PLUS WASXE DILUTION, 1985, MEDIUM B, MG/1. 

(Million M^/vear) 

Province 
Losses 
only 

Level of treatment Average 
Province 

Losses 
only 

0% 35% 70% 90% 
supply 

Tarapaca 245 334 303 272 256 . 86 
AnCofagasta 84 694 482 267 157 105 
Atacama 413 918 . 743 564 473 229 
Coquimbo 1,600 2,191 1,986 i^m 1,671 953 
Aconcagua-Valpara £so 1,859 3,569 2,974 2,372 2,063 1,423 
Santiago 4,185 22,427 16,081 9, 652 6,363 3,371 
0'Higgins-CoIchagua 4,537 6,047 5,522 4,990 4,717 6,973 
Curicá-Linares 7,690 , 9,486 8,861 8,228 7,904 23,302 
líuble 2,327 3,115 2,841 2,563 2,421 6,749 
Concepcî n-Cautfa . 7,417 12,879 10,979 9,054 8,069 61,487 
Valdivia-Llanquihue 46 1,222 813 399 186 71,164 
Chilo^ 6 28 21 13 9 ) 

) 
9 ) 
) 

28 i 
Ays^n 9 9 9 9 

9 ) 
) 

9 ) 
) 

28 i 
269,317 

Magallanes 23 28 28 28 

9 ) 
) 

9 ) 
) 

28 i 
Total 30,446 62,950 51,642 40,186 34,327 
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are from irrigation; mining, manufacturing and steam electric poî er tc 
gether account for about 1/2 percent and municipal losses for about 1 
percent. In comparison, projected losses for 1980 in the United States 
indicate that agriculture will account for 55 percent of the total, 
municipal losses for 1 1/2 pe.rcent and manufacturing for about 2 percent,—̂  

These figures indicate that in the process of economic development, 
very small changes in the extent of irrigated agriculture can have very 
large effects on the relative quantities of water available for non-
agricultural use, v̂ ether such use is measured by intake or by loss. 
Since our estimates of 1985 agricultural use are based upon a combination 
of Chilean coefficients and coefficients eiqiected to prevail in the United 
States, specifically in California, in 1980, rather than upon rates of 
use that now prevail in Chile, which are much higher according to various 
authorities, the probability of being able to transfer water from 1985 
agricultural uses to 1985 non-agricultural uses without a reduction in 
irrigated area is relatively low. At lease it is lower than it would 
have been if the coefficients of water use had been based on current 
Chilean experience.—'̂  We can at this time introduce the question of 
supply in its simplest dimension, namely average annual flow, and 
relate it to projected losses. These relationships. 

U Total losses in the United States are affected by inclusion of items 
for which no provision has been made in Chile, but which accounted for 
37 percent of U.S. losses: soil and moisture conservation programs and 
expansion of fish and wildlife habitat. Further study might reveal 
comparable requirements in Chile. 

1! However, even on the assumption that the likelihood of achieving 
economies greater than already assumed is nil, some saving in water 
without corresponding reduction in irrigated area would be possible by 
concentrating production in water short regions on crops with the 
lowest water recuirements. 
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as .elementary as they are, indicate the basic imcompatibilities between 
the distribution of water résources in Chile and projected demands upon 
them. (See last column in table XÍ-2.) 

The deficit of watéí cumulates progressively as we go from Tarapacá 
to the province of Santiago. Coquimbo and iSantiago, because of large 
irrigation reqiiirements, reveal the largest deficit. Antofagasta alone, 
of all seven northern provinces shows a slight surplus. This surplus 
disappears, and the deficit of the other six regions increase, if losses 
are computed according to one of the other options that are considered. 
Regardless of the alternative ways that are considered in the computation 
' of water-requirements the basic pattern as revealed by Table XI-'2 persists. 
Water Requirement as a Combination of Intake and Loss 

A water requirement, specified by the sum of intakes within a basin 
overstates what is needed if uses are arranged in tandem and water is not 
contaminated too severely for reuse. A water requirement specified by 
the sum of losses withih a basin is the tlieoretical minimum amount of 
water that will suffice. However, such a measure is likely to be an under-
statement of what is practically attáinable... For example, cities resist 
reusing their own sewage water. If, therefore, a city is located at the 
discharge point of a basin and draws its water supply from the river, 
directly or through the ground, the minimum flow requirement is equal to 
upstream losses plus municipal intake. If an irrigation project is located 
adjacent to the city and shares the river with the city at its downstream 
point, the minimum flow requirement is equal to upstream losses plus 
municipal and agricultural intake. If the irrigation project can intercept 
the discharged waters of the municipality before they, reach the sea, the 
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tnlniiaiiin requirei&ent Is equal to upstream losses plus municipal intake, 

plus the excess of downstream agricultural Intake over municipal dis-

charge (assuming that downstream agricultural intake exceeds downstream 

municipal discharge), which is equal to downstream agricultural intake 

plus all other losses. If downstream industries, mines and power plants 

do not recirculate their water and there is no interception of municipal 

discharge, total flow requirements within a basin are equal to upstream 

losses plus the sum of downstream intalces. (It is implicit in the 

definition of "downstream" that the discharge (i.e. return flow) of a 

downstream irrigation project cannot be recovered for further use.) If 

water is in shorter supply than irrigable land we shall assume that irriga-

tion will be limited to upstream land unless the agricultural productivity 

per unit of gross input of water downstream is greater than the agricul-

tural productivity per unit of net input of water upstream, other inputs 

being equal. 

In general, the minimum flow requirement, (without considering dilu-

tion flows), is equal to all losses plus the intake of the last user re-

gardless of i^ether the last user is in an upstream or downstream position. 

The maximum flow requirement, without considering quality maintenance 

flows, is equal to upstream losses plus all downstream intake. 

In order to simplify further exposition we shall compare thiree alterna-

tives, all in the absence of a water constraint. We shall compare these 

cases with an alternative that takes waste dilution into account. We shall 

then examine the question of water supply and the regulation of flow by 

means of storage, (see Chapter XII), after which we can study the effects 

of costs of water on projected outputs, Csee Chapter XIII). 

The three cases that are examined in detail are the following: 



XI - 15 

Case I • • 
Downstream municipal discharge is assumed to be taptured for use'for 

downstream.irrigation. All.other downstream users recirculate completely. 
In effect, requirements are equal to the sum of all losses plus downstream 
agricultural intake. 
Case II 

Case I is modified by assuming that mining requirementti are measured 
by intake instead of loss. Ther@ are no data for Chile on the amount.of 
water that is reusable when discharged from a mining, beneficiation, and 
refining complex. We know that about 94 percent of intake- at EI Teniente 
is discharged, but V7e do not know how much to lagoons where the liquid is 
evaporated or how much to treatment facilities for ultimate return to the 
river. Case II is clearly incompatible with plans for an increase in 
copper production unless relatively large quantities of water are imported 
into Antofagasta and Atacama. We shall not have more to say about Case II. 
Case III 

In this case water requirem̂ ents are measured as the sum of upstream 
losses and downstream intakes. If Case I is at one extreme of the water-
economizing spectrum. Case III is at the other, (without consideration pf 
dilution flows.) 

Detailed computations of Cases I, II and III are shown in the appendix 
tables. Sunanary results are shown in Table XI-3. 

The difference between adopting reasonably complete water economizing 
techniques (Case I) and no economizing techniques (Case III)-f is of.no 
significance for the country as a t^ole (31.4 billion M̂ /year vs. 32,9 ,, 

\J Presumably treatment levels are high enough to allow reuse ofwater 
for offstream purposes even if no dilution is provided. 
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billion M^/year), but of importance in Antofagasta, Atacajna, and Aconcagua-
Valparaiso. 

Presumably the main effect of assuming that downstream municipal dis-
charge is recovered for use is in the additional area capable of being 
irrigated. Whether additional land would in fact be irrigated would depend 
upon the availability of irrigable land at suitable elevation and distance 
from the point of municipal discharge. Xf we assume that all. downstream 
municipal discharge is recaptured, the areas capable of being irrigated by 
the discharge Is as follows: 

Tarapacá - 340 hectares 
Antofagasta - 540 
Atacama - 110 
Coquimbo - 510 
Aconcagua-Valparaíso - 3,410 
Santiago - 650 

Total 5,560 
These figures do net indicate how much water is available from a single 

municipal system, nor whether the benefits would justify the costs. Such 
determinations would have to be made separately for each locality. An-
other possibility is the use of treated municipal discharge for industrial 
purposes. Except in the Aconcagua-Valparaiso region, estimated municipal 
discharge exceeds estimated manufacturing intake in all of the regions 
from O'Higgins-Colchagua to the north. This option <iould be attractive if 
there were np downstream lands for irrigation or if upstream lands of 
better quality than those available downstream had been withdrawn from use 
in order to meet downstream manufacturing intake. Jn aî  case, by 
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computing municipal losses on the assumption that all municipal discharge 

were recoverable^ as is done in Table XI->2, we automatically increase the 

total use that can be made of the water supply within eách region. 

At present there not only is no recapture of downstream municipal 

discharge, except experimentally in the Antofagasta area, but there ia 

also very little recirculation of manufacturing water. Ais a consequence, 

virtually all downstream manufacturing intake is lost. 

One should note that since the nrast lilcely effects of water shortage 

will be a reduction of land under irrigation, the failure of downstream 

manufacturing users to recirculate will conq̂ el further contraction of 

irrigated agriculture. .In Antofagasta. this means another 300 hectares. 

In the Aconcagua-Valparaiso region it means 9,350 hectares. In the case 

of Aconcagua-Valparaiso,.if 50 perceat of manufacturing intake is saved 

by recirculation and 50 percent of municipal discharge can be reused for 

irrigation, 6,600 hectares could be irrigated. 

The effect of taking a more realistic account of downstream municipal 

and agricultural requirements than.is given by considering only evapo-

transpiration losses, pushes southward into the Curic¿-Linares region the 

line at which average annual supply accumulated in going southward from 

Tarapac^ balances annual losses, as one adds requirements and flows. If 

we cumulate losses shown in. Table XI-2, without accounting for irrecoverable 

downstream use, the surplus of the 0*Higgins~Colchagua region offsets, with 

a little to spare, the deficit accumulated to the north. If the deficit 

is computed on the basis of Case I, the surplus of O'Higglns-Colchagua 

falls short of meeting the deficit in the provinces to the north. Chile 

from its northern boundary to the southern boundary of Colchagua province 
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would be a net deficit region on the basis of projections for 1985» The 
deficit computed on the basis of Case III is approximately 1,000 million 
M̂ /year greater. 
Case IV: Losses Plus Waste Dilution 

An alternative measure of water, requirements is the sum of losses 
and waste dilution. By fixing the water requirement as waste dilution plus 
total losses rather than upstream losses we are assured of an outflow to 
the sea equal to the quantity of waste dilution. 

tosses plus waste dilution serve as a satisfactory measure of required 
flows if waste dilutions are always large relative to Intake at any single 
point. Although this condition most likely holds for the United States, 
it may not for a country such as Chile, where upstream reaches are rela-
tively short and, except for Santiago and several minor inland pointy, most 
polluting activities; take place on the coast. 

Required flox̂rs depend upon the level to which treatment is carried. 
If a quality standard were In̂ osed in water short reglonSi it is most 
likely that treatment would be raised to the point that minimised the 
requirement for dilution water; in the present Instance tt> 90 percent. Ihe 
uae of total loss plus waste dilution flow Introduces a slight ovetstate-
ment of water requirements, since downstream loss could be met out of waste 
dilution flow. Ihe overstatement is negligible. 

If treatment were 90 percent in all regions, losses plus waste dilu-
tion flows for all provinces from Santiago to the north would be 10,983 
million cubic meters per year compared With an average annual flow of 
6,170 million cubic meters. Every province down to and Including Santiago 
contributes to the total deficit, but more than half comes from Santiago. 



XI - 19 

At zero treatment no additional regions are in short supplŷ  but the net 

deficit is, of course, much greater. Without treatment the balance between 

cuimilated demand and cumulated supply, moving southward from Tarapacá, is 

not achieved until virtually the entire average flow of the Curico-Linares 

region is used. 

So long as the use of water downstream frota major points of pollution 

is mainly irrigation, there is little reason to believe that dilution of 

wastes will become important unless the waters become heavily mineralized 

or polluted with persistent chemicals. Without additional information 

there is no way of assessing the Impact of this form of pollution. If it 

is established that waste dilution flows are unnecessary, the required 

flow is equal to one of the alternative measurements of upstream losses 

plus downstream Intake. 





Cliap'ter ÍCIÍ 
1/ THg CO?T Of mTER 

Riyer Tpasina and ppovinoes were grouped into region̂  for whicli 
coterminous boundaries could l?e dr̂ wn, (;?©e Tab?.e XII"̂ ), A few ̂ JnaJ-l 
ri-versi included in Table XIÎ -l uiade pmalil contributions to tpt^ 
regional runoff and suffered fron̂  such deficiencies in data, that t^y ŵ re 
i^rfd. Several small coastal str̂ aqis wer? also excluded̂  |n all, th? 
exclusi-̂ r̂ ; acrount for a few percent Of total sv̂ rfaĉ  runoff, 

Ko d'net vmr ti'Jcen of ground water except tha"̂  v;hich is discha??̂ eci 
into streams avid is measured' by streaw gages. The quantity of water 
escapes measurement may be significant, but data on th© volume of vmfer" 
ground reservoirs, tlie rate cf recharge, and the lirücage with Finjas wed 
surface flow are not available, A few sample studies portend a greater 
relatf.ve î iporianoe of ground water in the northern desert province?. 

Baóic data are incomplete in several ways, (l) Virgin flpv/s cannpt 
be a o c u r a t G l y ascertained because diverfio»̂  are not roea^wed, (2) It 
is difficult to separate.the effect pf irrigation-return flews from 
independent contributions from underg?x>un<̂  aquifers, (3) The period of 
record is too short to provide a reasonably accurate flow duration curve 
for most rivers.^ (4) Gaging stations are far too few in number and are 
rare';.y placed at those points that allow reconstruction of virgin discharge 
into the sea. Because of theqe limitation? niany flows were estimated 

y TX-'.ta on flows of Chilean rivers and storage requirements required 
to achieve varying levels of regulation were prepared by the Centro 
de Planeamiento of the Faculty of Physical Sciences an̂  î thematiics 
of the University pf Chile, "«studio de ̂ a Pisppnî ilidad fleci^sos 
Hidráulicos en Chile", Profesor Fem$n Ibafiez, Chief of the PrpJaot, • 
Ricardo Harboe and Juan Antonio Poblê ei research associate?. Publica-
tion N® 65-5/9, July 1965, supported by a gyánt from Resourcé? for ̂h® 
Put-ure, inc. See'this study for details pf estimate? and limitations 
in quŝ lity of data, 

^ noted ê se'̂ here» the period of record for cpî uted virgin flpws 
ranges between three and-thirtŷ four years, and averages twelve years, 
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Table XÍÍTX 
WATER R̂ SOURCÍ; REGIONS 

íliver Basins 
1, Tarapaĉ  UUl?a, Iiauca, Azapa 
2, Aívtpfagasta Uia 
3, Ataqam Cppiapó, líuâ co 
4. Coquimbo Elqui, Limará, Choapa 

Aconcagua 
VsX̂ úX'r/.r o 

P̂ toyca, Aconcagua 

6. Maipo 
O'Higgins 
Colchagua 

Rape:̂. 

Curico 
Ta}.ca 

a. 
Maule 

. Mataquito, Maule 

liirtax-es 
Itata • 

Gôciepo'j.oii 
Arauoo 

XO. Bio-Báfo. BÍPTBÍO, Paicaví, Imperial,, ToXtén 
I\5aXXeco 
Cautín 

Valdivia 
U, Osoruo 

Llar;quxhue 
VaXdivia> ^E^J, MfeiuXXÍn, Chamiza, 
Petrohue,^?!© 

12, Chiloe • YeXcho . 
fâ ejia, Cisne?, Aysén, BaJser, Br̂ ivo, 
Pascua 

14 F ífegalltoes Serrano 



m - 3 

iiMjirectXy, l?ased pn cpi-relat̂ ô  '̂̂ iljii jnetepTolpgi.??! and the 
^^viour of rivera fpr wiil,<?h wojre coniplet? information was avaî ablf. 
The authors caution the reader -̂ ô accept the flpw data an4 flow storage 
relationships a? approxiaations, and noî  as suitable for detailed planning. 

Ibafiez, Î rboe, and Poblete concluded that on the basis of the 
hydrplógic haíance of the main IpngitHdiníil central Wiley between the 
provinces pf Aconcagua and Llanquihue, underground supplies whei« riyers 
come fróa the cordiLlerra into the central valley ?are not iiaportant. 
Undei-groiiTid, supplies ir4Ci"'ease further dpwnstream through infiltration 
fron the river bed, return flow froro irrigation, and rainfall in the 
central valley. For this reason, peasureinents of tlm in the foothills 
of the Andes would account for most t 99%) pf the supply, including 
ground water recharge, in the summer months, when the contrib"-tion from 
f̂ain over the lowlands is negligiblê  ̂  is the case in the glacial and 
pluvic-glacial basins more to the np̂ th» In winter the station hear the 
mouth of the river measures supply since it recojrds all contributions 
and in not appreciably altered by cons\amptive uses, which at this tirae 
of tha year are at a minimuia. Further to the south the measure of supply, 
or of virgin flow, is given by gaging stations near the mouth of the river̂  
after correcting the data for the "use" season by porre3.ation with data 
of the no"Use" season, 

Flows in cubic n»t̂ rs per secpnd \iere averaged fpr each mpnth of 
record iind the flows equalled or exceeded 95, 90, 70 and 50 percent of 
the tltDc for each esparate month were identified as well as the ̂ ong ru?» 
av̂ raĝ  flm fpr the entire period of record. 

^ Iba^^, Harboê  and Poblete, pp, 19-27 
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Storage requirements needed to raiee the preseiit low flôv (the flow 
equalled or exceeded 95 percent of the time for the mpnth thiat had the 
Ipwest flow) to sxiccessively higher mininium flows up the average flow 
were qqinputed for thpee levels of oertainty: IQO, 95 aii¿ percent.3/ 
Talóle XIÎ 2 shows storage requirements to assure designated flows with 
a security of 85 percent. We ccfncentrŝ te op storage requirements needed 
to yield 85 percent secur:i.ty -.-r i.e, l̂he flow will eq\ial or exceed the 
specified flo'íí iri 17 years out of twenty because this is the level 
ol* security v.'hxch has been used hy Direceiíín de Riego in plannipg its 
projects.^ later we shall discuss the in̂ lications of a higher degree of 
security. 
gtorafre Requirements to meet Seasonal Var̂ atî n in Demand; 

Seayonal requireî eints for irrigation reach a peak in the suamor and fall 
to as little as aero during the winter joonthiSf After we had ascertained 
projected requirements for all ̂ises a con5)arisDn was )®ade hy Ricardo 
Rarhoe between the paount of storage needed to meet the seasonal pattern 
of use and the amount of storage needed to provide a constant flow, on 
the assumption that regulation was extended to the thepretical limits of 
average armual flow in the seven northern provinces and to projected require-̂  
ittents in the rest. Storage requirements for seasonal needs were gtsoater than 
storage x'equirements for a, constant flow in all regions except Aconcaguar 
Valparaiso apd Santiago, In some regions stô 'age v<?lume tp me?t seasô aal 

3/ Regulation to achieve average flow at 100 percent certainty is 
theoretically impossible unless future flows duplicate the histprl-ĉ l 
record, 

1/ Jifere ex&ctly, in t̂ iree years out of twenty the flpw in one or mpre nKfnths 
pan be :).ess than the momt indicatê , 



XII - 5 

«M 
M M X 

I 
.S 

•f-

<u 

CO 

0) 
o 

I 

X) o 0) á 3 TJ .-d Q CU 0) P H (U Vj 
O a OĴ -̂p 
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irrigation needs xms iDpre tlmn tviice tjie vplvune neecjê  tp assure a 
specified minirauja floví. ratio of storage reî uired for seasonal needs 
to storage required for a constant flow is referred to as the -storage 
coefficients 

In coniputing the coats of storage we first assumed that irrigation 
requirenents could Tse expressed as an annual amount, (i,e. ignoring 
seasonal variation), After storage was coiiipy.ted on tibis feasi?, volume 
and costs v̂ ive adjusted "by using the stor̂ g? coefficient for each 
region. In this way \7e could use a cô t-rpf-flow schedule des4.gned to 
show "ttie costs of increments of. minimym flow and .ad4ust the results tp 
conform to the seasonal requirements pf each region. 

In several of the preliminary models, we made no distinction betv/een 
storage for constant flows (non-agricultural uses) énd storage for 
seasonally variable flov/s, since the former usually constituted a 
relatively small fraction of the total, We therefore con̂ suted storage 
requirements on the assumption that all followed the same seasonal 
pattern. In the more detailed cases, where we ŵ re concerned wi-th 
variation in marginal posts, we na4e a separation between the tv/o. A 
detail omitted from all models was the 4eterminat;ion of additional 
evaporation losses from additional seasonaif. storage requirement. 
Research is needed on the questicai of reservoir evaporation generall;y, 
but beyond this one also needs to know hpw evaporation losses would be 
affected by the seasonal patterns of storage ancj releaee. 

We shall use the multiplier derived from a conparison between 
constant average flow an4 seasonally reguiate4 flows even wheíí we 
deal with lov/er flows. This procedure w understate required stprage 
at lê ŝ than-average flow. Computations for the Rio ]Elqui phow that 
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the multiplier to meet seasoml variation terwis to lie higher for less 
than average flo\v9 than it is fpr the average flow (see Table XII-3). 
This may partly explain the relatively high coefficients for the four 
regions south of Santiago. If, in northeni regions, regulation were 
introduced for a lower level of water use than represented hy average 
annual i*lov/, presumably the multiplier poefficient would rise, based uppn 
results derived from the Río -Elqui, However, a reduction in water use 
would probably be accompanied by a reduction in the rê -ative iâ jortance 
of agriculture, and therefore a reduction in seasoiKil variability of 
requirement, v/hich would tend to reduce the multiplier in all regions 
except Acpncagua-Valparaiso and Santiagp, where the piltipl̂ er would 
rise. We shall not, however, take these refinement? systematically 
into account for any of the hypothetical variations in regional producticm 
with vdiich we shall be concerned, 

We shall assume that the effect of the coefficient is %o change total-
costs by the same factor as the indicated change in the storage coefficient. 
This assumes that the size-distribution of storage sites to meet require-
ments for seasonal flows is the same the distribution to meet requirer 
ments for a given minimum flow. In regions in which less than average 
flow is required — i.e. O'Hlggins-Colchagua and south — we shall follow 
the same procedure, rather than 'move up" the schedule.^ 
Reservoir Evanoratiop Losses: 

The Centro de Planeamiento study did not include in its flpw-stor?ige 
relationships an adjustment to account for the net increase in evaporation 
from the basin resulting from added water surface exposed to the atmosphere 
as the VQlume of surface storage would be incre?ised. Relatively little 

i/ in making detailed plans one further adjustment would have to be 
taken into account which we have ignored, nan»:̂ , -̂he additional 
evaporation, 
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TABUE XII-3 
MULTIPLIERS TO ADJUST STCfflAGE mm MINIMUM FUM TO 

SEASONALLY VARIABL? REQUIREI? FLOW V 
' " " I ' I ' V ' ' — ' — I "" ' " " ' •" . ' ^ 

TarapacI li.24 
Antofagasta 2.2$ 

Atacama 1.13 
CoquimbQ 1,13 
Aconcagua-Valparaiso 0.95 

Santiago 0,92 

O'Hî gins-Colchagua l.$5 

Guriĉ -̂ Linares 2.S2 
tole 2.88 

Concep<íion*'Cautín 2/ 
Valdivia- Llanquihue no irrigation 

I ' ' '' ' ' :— r " ^ 
Based upon storage requirements to meet seasonal pattern of flov/ 
at "full regulation" for first sis? regions* ftn4 fpr projected 
water requirements for remaining four regions. 

g/ For projected requirements at 85̂  security no storage would be 
needed if fXpw xrere constant, Storage tp n®et seasomi variability 
of required flow was computed as 473 million M̂ t 

m m^^- mmm^ m, y^ws pss, AV^G^ 
storage (mil. M^) 

FXm mi. MVVT. Constant Seasonal Miltiplier for Seasonal, 

26? 403 408 1.01 

2a5 76 142 1.87 
165 30 48 1.6 

350 (average) 1,285 1,420 1,1 
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Table XH-4 

ASSUMED REUTIONSHIPS BETWEEN HEIGHTS AND VOLUMES OF RESERVOIRS 

( M i l l i o n M ? ) Height (Meters) 
0 T XOO 15 

100-200 20 
200 - 400 25 
400 - and over 35 
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fame XII-5 

ESrmtEP AVERAGE RAT? OF EVAPORATION 
(Ifeters per Square Metep of Reser̂ pir Surface), 

Tarapaql , 

Antofagŝ sta 2.5 
Atacama 1,2 
Coquimbq X̂ S 
Aépncagua-Valparaíso X, 0 

O'HlgginS'Golchagua i.9 
Curico-Linares .7 

Concepcipn-Gautin , 5 
Valdivia-rLlanquihue .4 
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is Icaown about the reXatioyiships that would te found between operation 
of the reservoirs and exposed area. Estimated annual net rates of 
evaporation from \mter surfaces in the areas vrhere reservpir? are lî sely 
to be range from 400 millimeter̂  in the vicinity of valdivia to 1,400 
millimeters and higher in the Norte Grande.3/ In order to give some 
eJipression to the potential los? by evaporation and tl;e effect pn marginal 
costs of flow vre assumed that average reservo:)Lr heigl̂ te were directly 
related to vol'̂ oa up to a point, (̂ ee Table XII-4) and that ̂ ate? of 
evaporation vrere as given in Table XIIT5. With these assumed VALUES we 
Induced each increment in minimum flow the amount of estimated addpd 
evapoî tion from storage. 
The Costs of Regulating Surfe.ce flow: 

On the basis of data on reservoirs alrea<jly built, conatruction, 
and under study, ̂ ssrs, Iba^z, Harbpe, Poblete constructed cost 
curves for rock-fill and earth dams, showing costs of water iji5>punded as 
a function of the size of the reservoir.^ On the basis of these cvirye? 
the cost schedule as shown in Table XII-6 was adopted. The values selected 
for the smaller size classes tend to be closer to t̂ e curve for earth-fill, 
vihich is the lov̂ er of the two, than for rock-fill; and coinpide exactly 
with the earth fill curve for the largest size class. Based on current 
experience, the selected values understate by 50 percent the costs of 
large rock-fill dams, It is difficult to predict which form of dam will 
dominate future construction. One point in favor of an earth dam is the 
fact that a day core tends to resist tremor damage a little better than 
a more rigid structure, ftost dams already built or in one stâ e pr 

1/ Unofficial estiinates supplied by Centro de Plazí^ami^nto. 

2/ §ee Qpaph 2, page 39, Cĵ, cit, 
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Table Xll-e 

UNIT COST SCHEDUl£ ACCORDING TO SIZE CLASS 

Sî e Class of . 
Reservoir M?) Cost per 1000 M-̂  in Ê  1964 

(A) 0-49 200 
(5) 50-99 150 
(C) 100 rl99 too 

(D) 200 -399 60 

(E) 400 and over 50 
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another of being under \my are earth fill. A single size-class unit-
cost curve is used for the entire country, 

There still remains the question of how one should distribute futux̂  
reservoir capacity amon̂  the various sise classes, Presumably all 
reservoirs cannot be of the largest size class, since the availability of 
sites, the places v/here water will be used, the flow of the river, the 
de^ee of regulation already attained, aiid the additi9nal degree of 
regulation desired will vary from basin to basin apd, in fact, tributary 
to tributary. It is reasonable, tjierefpre, tP assume that reservoirs of 
all size classes will be built as total storage capacity i? increaeedf 
One can, of course, assume several ways in v/hich total storagje in a bfsin 
grows: (1) by first using the largest reservoir site?; (?) by first using 
the smallest sites; (3) by random or studied iidditions that do not follov? 
an order by siz:e class. 

The history of Dirección de Riego indicates that it is follov̂ ing the 
third course, bu"̂  with an ascert̂ iinable trend such that* on the average, 
future reservoirs will be larger than past reservoirs. 

Of 4.5 reservoirs built, under construction, and under study, as of 
1958, the mean sizes varied as followslî  

"5 
reservoirs already built 31,000,000 Mr 
resê -voirs under construction 450,000,000 M̂  
reservoirs under study 310,000,000 M^ 

Of the tvirenty-one reservoirs under study in 1958 five had a capacity of 
less thw 49,000,000 l̂ , and twelve had a capacity of less than 200,000,000 M̂ . 
The largest under study had a capacity of 2,750»009,000 M̂ i tiie largest 
already bu:̂:Lt had a capatcity of 150,000,000 M̂ , and tiie largest under 
CQiî trû Jtion had ̂  capacity of 1,570,000,000 11?. 

1/ CKP̂ ,, pp, 65, 72, 
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Table XII-7 

ASSUMED DISTRIBUTION OF RESERVOiB. CAPACITY BY SIZE CLASS 

Where Full Regulation Reqtóres; 
(Million m3) 
0 ̂  
50 -

49 
399 

400- 2>999 

3,000 - up 

Distrî u'tion •, ;. 
All of Sî e Class A V 
Firsif pO^ qf capacity, Q 

Next 25̂ , B 
Last 25%, A 
505J ̂  E 
2pf» ̂  D 
0^ - C 
0^,B 
0̂  - A 
% E 

- D 
5fa - C 

- B . 
2^ - A 

1/ See Table XII-6 for size classes and costs per unit of capacity. 
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CXir synthetic cost curves were constructed wholly on an intuitive 
Tt)asis, on the assumptions that, wherever appropriate, large rather than 
small reservoirs v/ould be used, that to reach the capacity needed for 
congjlete regulation some reservoirs of all size classes would be used, 
and that storage capacity wm'dd be increased by first bi;iilding large , 
reservoirs followed by smaller,The pr̂ ev in which reservoirs of 
different size classes, are assumed to be. constructed has a significant 
effect on the steepness of a curve that,describes the wâ -ginal cost of 
miniraujn flov/. This curve will rise on the bâ is of "d^nisWng marginal 
phys4.cal productivity of storage" a reflection of the fact that it takes 
more and more storage capacity to raise minimum flow by equal successive 
increments, Ifi in addition, we assvpie that ''later" (i.e. smaller) 
reservoirs cost more per ĉ bic meter of capacity than "earlier" (i.e. larger), 
the marginal cost of flow is subject to a Rouble upw?ird thrust. Our cost • 
cuides are constructed on the assumption that this double thrust will 
prevail and that every basin will v̂se at least a few small reservoirs if it 
regulates at full capacity. In order to mal?? these assumptions specifip, 
total reservoir capacity at assumed full regulation in each basin was 
divided among reservoir classes of different sizes in accordance with 
the values specified in Table XII-?̂  ̂  By applying this distribution 
to the wi^ costs indicated by Table XÍI--6 v/e constructed for each bâ iin 
a set of schedules showing increments of storage, successively higher 
levels of minimum flow, costs of increments of storage, costs of incre-
ments of flov/, and cumulative costs. 

1/ A number of large reservoirs in Chile consist of natural lilies 
with regulatê  outlets, These v/ere excluded, insofar as they 
cô |.4 be identified, írpm the mean figures given above. 

g/ The distribution roughly reflects what is happening in the cpuî try as 
a whole after talking into account reservoirs bv̂ ilt, unĉ er con̂ truption 
and î ider study, 
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Capital coste v;ere converted to annual costs on the ̂ sumption that the 
rate of interest applicable to a loan qt fixed real value (or one for which 
the capl"̂ al sum was subject to revaluation with changes in the price level) 
was 8 percent and that the life of a reservoir was 50 years. The results 
fpr each v/ater resource region are shown in the appendix t̂hij-es. The 
effect of thf storage cpeffiĉ ept fp^ requirement? on the posts 
of storage for the northern regions in the â gregat̂  is pepiigihle. 
Inc:|:eases in the first four regions are sightly pverhâ j-anĉ d ̂ay decreases 
in Aconcagua-Valparaiso and Santiago. 
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THE EFFECT OF Y/ATER SHORTAGE 

Three conclusions emerge when we compare projected requirements 

with the natural availability of flov/s: 

(1) If nothing is done to modify the natural seasonal and annual 

variability of flows, there \7ill be periods of shortage in all 

regions from the province of Cautín to the northern boundary 

of the country. 

(2) There is no way by which the distribution of activity can be 

modified in order to overcome the scarcity of water in the 

North and the scarcity of arable (irrigable and non-irrigable) 

land in the South except diversions of v/ater from surplus to 

deficit areas. Each region, from Tarapaca to and including 

the province of Santiago, (the Ivlaipo-Mapocho basin) has an 

average flov; that is less than projected requirements. The 

first region váth a projected surplus is 0'Higgins-Colchagua 

(the ñapel and several minor streams), but the surplus is 

less than the deficit cumulated to that point, even if require-

ments are measured conservatively (i.e. as being equal to 

dormstream municipal intake and agricultural intake in excess 

of municipal discharge plus all other losses, (Case I)) or as 

the sum of losses plus vmste dilution flov/s at 90 percent treat-

ment, (Case IV). In order to bring the available supply into 

balance with projected requirements, streams would not only 

have to be regixlated to the maximum degree possiblei/ but 

l/ See below for description of regulation needed. Flov/s vrould have to 
"" be controlled to meet the seasonal variability of requirements, which 

means, for most streams, a larger volume of storage capacity than 
would be needed to yield constant flov/s at the historical average. 
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á series of northv/ard,-trans basin movements would also have to 

be undertaken. This movement \7ould be comparable to diverting 

half the average annual flow of the Rape! northward plus 

replacing the deficit that would then appear in O'Higgins-

Colchagua. The cumulated deficit including that of the 

O'Higgins-Colchagua region is 252 million M^ per year 

for Case Í, 1,083 million K^ per year for Case III, and 

2, 557 million M^ per year for losses plus waste dilution 

after 90 percent treatment. If requirements are measured 

only as losses, and there is no provision for waste dilution, 

. the projected surplus of G'Higgins-Colchagua almost matches 

.the deficit accum.uíated to the north. 

(3) In the absence of transbasin movements, there is no way of . 

meeting projected outputs except by increasing the agricultural 

productivity of land beyond the increase implicity assumed up 

to this point in the analysis. 

First Estimate of the Costs of Storage 

The closest we can come to meeting Case I 'without disturbing the 

pattern of non-agricultural activity projected for 1985 is by providing 

maximum regulation in all regions from Santiago to the northern border.^ 

In the remaining regions regulation is assumed to proceed up to projected 

1/ The reader v/ill recall that Gases I, II, III, and IV are alternative ways 
of stipulating the water requirements of a'single economic projection -
the medium rate of population growth g^d the high rate of growth of GNP 
(Medium B), Water requirements of the four cases are specified as follows 
(See Chapter XI, Table XI-3): 

Case I Municipal and agricultural doirastream intake plus all 
• other losses. . • . 

Case II - Case I with inihiiig • intake instead of mining loss. 
Case III- Upstream losses; all intake downstream. 
Case IV - Evaporation-transpiration losses from all uses plus 

waste dilution to yield 4 mg/l of dissolved oxygen 
after 90?̂  removal of BOD by waste treatment. 

2/ See page XIII-3 for footnote. 
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requirements. The deficiency of v/ater vrill mean that some irrigatile land 

in the north vdll not be irrigated. 

Table XIII-1, which is a basic table since in the discussion that 

follovifs we shall be concerned with possible changes in the regional dis-

tribution of activity that will induce changes in this table, shows the 

costs of maximum regu3.ation of all streams in the northern part of the 

country (Jfeipo and northward) and the costs of meeting projected require-

ments in the remainder. Additional storage needed to meet seasonal require-

ments are also given. 

Under these conditions total additional investment cumulated for the 

next twenty years is about one billion escudos (about $ 250^000,000 at 

October 1965 official rate) or about 50 million escudos per year,-'̂  

Equivalent annual cost of the cumulated capital investment at full develop-

ment V7ould be. about 84 million escudos (interest and amortization). 

The distribution of total costs ajnong the various regions depends 

upon the use or non-use of the seasonal variation coefficient. V/ithout 

the coefficient northern regions account for 87 percent of total costs; 

v/ith the coefficient, the north accounts for 72 percent. Iiferginal costs 

of water, important for regional planning purposes, are very much higher 

in the north than i.n the south. 

2/ By "maximum regulation" is meant the amount of storage that v/ouid raise 
minimum flow to average flov/ on the assuniption that future runoff would 
duplicate the experience of the period of record. This is also v;hat we 
mean v;hen X;Q speak of "100^' or 'complete'' regulation. 

y' This compares v/ith 24- million escudos budgeted in 1964 by Dirección de 
Riego for reservoir construction. 
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Since there is a projected shortage of land nation wide (relative 

to expansion of cultivated area needed to meet projected outputs at 

current rates of production per hectare) and a projected shortage of 

water in the seven northern provinces, the question remains of ho\7 land 

and water resources should be used. One possibility is to retain as 

much agriculture as possible in the North, moving all other mobile activity 

to regions of water surplus. If all water In northern provinces were 

used for agriculture, the follov/ing amounts, roughly speaking, of 

irrigated area could be supplied v/ith water; 

Hectares 

Tarapaca 3,620 

Antofagasta 2,626^/ 

Atacama 14,350 

Coquimbo 57,000 

Aconcagua-Valparaíso 93,300 

Santiago 232,000 
Total (Rounded) 403,000 

In general v/e know that output per unit of v/ater (loss or intake), 

measured by value added, is greater for non-agricultural than for 

agricultural products, especially if no allowance is made for dilution 

of discharge. Therefore, if water is allocated among competing uses in 

such a ?my as to maximize the region's gross product, non-agricultural 

uses v/ill force out agricultural uses. The same result usually occurs 

if the objective is to maximize a region's employment. Under these 

circumstsinces, if ne assume that all non-agricultural requirements of 

1/ All irrigable land. Some water would remain for/Other uses. 
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Case I are niet in t/ater short regions, and streams are fully regu3.ated, the 

water supply that xeniains for agriculture \7ilí allow irrigation of aliout 

372,500 hectares. , (in other viords, using.Case I as the basis for. computing 

requirements, to jn̂ et all non-agricultural requirements means taking about 

30,500 hectares out of 'cuitivation. Cases II or III \7ould require larger 

reductions in irrigated varea.) ,. ; . • 

Iferginal Cost of Water•Constraints " •. - • 

If t/áter in the seven northern regions is fully developed, marginal 

costs of regulated flovr reach very high levels. It is doubtful v/hether 
• ^ • 

agriculture or manufacturing could afford to pay more than a fraction of 

such costs. \i/hat, then, would be the effect on the distribution of 

economic activity of charging a price for water equal to its marginal 

product? Although the data necessary for the answer to this question 

do not exist, we can speculate about the results by using proxy information. 

Since there is no reason to expect productivity per unit' of water 

to differ materially among regions for non-agricviltural uses, -we shall 

examine only the available evidence for agriculture. There are no data 

available on marginal productivity. Relative prices of agricultural land 

would be a useful index of net value.productivity' (adjusting for transport-

ation costs) but these are not available. We can, however, make use of 

a scale of values of Class Illr land issued for tax assessment purposes 

on the assumption that it reflects relative productivities among com-

munities. (Assessed values are given by comuna.) 

The unweighted average of assessed valuation for each comuna was 

converted to a scale of• values for provinces and water resource regions. 

The scale was based upon.Class Illr land because this class is the largest 

of the irrigated classes and because it maintained a constant relationship 
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with other classes of irrigated land in each comuna. The highest values 
are for Aconcagua and Santiago provinces. Since ah additional assessment 
factor was to be applied to these valuations to account for the quality 
of transportation facilities only part of locational, as distinct from 
physical productivity characteristics, are included in the indexes. Ho?/ 
much the assessments reflect speculative changes in value induced by 
prospective transfer from agricultiiral to urban use cannot be ascertained. 

The assessed valuation indexes do not correspond very closely to 
marginal costs of water that are implied when regulation is extended to 
the limits indicated in Table XIII-1. Presumably the valuation indexes 
reveal the relative prices for water that ovmers of the land could pay. 
If, for example, development could pixjceed economically up to a marginal 
outlay of 20,000 escudos per million cubic meters per year in the 
Province of Santiago, we might say that investment could proceed to a 
marginal outlay of 15,000 escudos per million cubic meters per year in 
Tarapacá and Antofagasta and to 7,600 escudos in Concepción-Cautín. 
The amount of vmter required per hectare would affect this relationship, 
moderating it if inputs of water veve directly correlated with land values 
and reinforcing it if inversely correlated. The results of these 
adjustments are shovm in Table XIII-2. The indexes must be considered 
as illustrative only. Yte have no infofmation regarding the factors that 
went into the original assessments, nor do we know what, distortion vms 
introduced by averaging values tj comuna without weighting by the amount 
of land per comuna. The final coluim displays an Ínteresting.symmetry 
of values north and south of Santiago. The low value for the Curicrf-Linares 
region, which is a deviation from this symmetry, reflects the depressed 
quality of the region's economy. 
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Víhat value can v;e assign to the marginal cost of water in Santiago, 
on the basis of Vihich "reasonable" marginal outlays elsev/here ĉ n be 
determined? In the absence of benefit-cost studies for specific projects 
one can only hazard a guess. Let us assume that a marginal annual outlay 
of 8,900 escudos per million cubic meters per year is economically 
feasible.î  The marginal value in each region, based upon the indexes 
of Table XIII-2 are shown in Table XIII-3. Also shown is the level of 
development as measured by minimum flov/ ¥;hich such marginal cost T;ould 
support. These flows have been translated into the hectareage that would 
be supplied with irrigation water with 85 percent security, on the 
assumption that non-agricultural needs as measured by Case I would first 
be met. Costs of storage have been multiplied by the coefficient 
that represents additional storage to meet seasonal variations in 
requirements. ̂  

By introducing a isarginal cost limitation the following changes are 
introduced relative to "complete'' regulation: 

(1) Flows would be regulated to levels ranging, roughly, betv/een 
60 percent and 90 percent of 'complete" regulation in water 
short regions. 

1/ This would be about $ 3»42 per acre foot, converted at the rate of 
"" 3.2 escudos per dollar, which was the official average rate for 

1964- Farmers would also have to pay for delivery (cemals, siphons, 
etc.) and on-the-farm costs. 

2/ The- marginal productivity of water, where water clearly meets a 
supplemental rather than full time need can be much higher than is 
revealed by coiiparative land values. This consideration is especially 
relevant for the southern provinces. 
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Table XIII-2 

AVERAGE VALUES FOR CIASS Illr, LAND FOR TAX ASSESSMENT AND 

ADJUSTMENT FOR WATER USE 

Index of Land values Index of 
land 

Unv^eighted V/eighted Index of value 
Province Average of Index by irri- water use adjusted 

communaa (Santiago gated (Santiago for 
E°/ha y = 100) afea = 100) index of 

viater use 

Tarapaci 1,055 75 . 75 160 47 
Antofagasta 1,065 75 75 ; 160 • 47 
Atacama 960 68 , 68 • 100 68 
Coquimbo 1,065 75 - 75 . 100 75 
Aconcagua 1,285 91 
Valparaíso 1,090 77 
Aconcagua-

Valparaíso - - 84 100 84 
Santiago 1,415 100 100 100 100 
0'Higgins 1,120 79 • -

Colchágua 977 69 -

0'Higgins-
Oolchagua - - 74 100 74 

Curico 839 59 -

Talca 701 50 - . 

Maule 384 27 -

Linares 587 41 . -

Curicó-Linares - - 46 98 47 
iíuble 621 45 45 64 70 
Concepción 615 43 -

Arauco 227 16 • „ 

BÍo-BÍo 524 37 
Malleco 475 34 -

Cautín 418 30 _ 
Concepc ión-Caut ín - - 33 65 51 

a/ Cuadro 3, Supplement, gl I\feycurio. 15 August 1965, Nev/ values for property, 
Servicio de Impuestos Internos. 
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*/ Note for Table XIII-3. 
The relation between constrained marginal cost and available flow was 
estimated on the assuinption that the marginal cost curve was equal to asero 
at the existing minimum flow and rose linearly to the first point in the 
schedule. This is a single and possibly incorrect assuniption and v/as not 
used for Antofagasta, as will be explained in a moment. It seemed perfectly 
reasonable for Coquimbo because the constrained marginal cost was almost 
equal to the computed marginal cost for the first interval of storage. For 
Atacama, the first interval gives a marginal cost of 16,119 escudos per 
million m^ of minimum flow, yet if we build the 6.4 million cubic meters of 
storage estimated to raise minimum flow by 32 million cubic/meters p̂ r year, 
average annual Cost per million cubic/meters of added flow would be 3,270 
escudos. If anything, for Atacama, the assumption that one can interpolate 
linearly is conservative - i.e. flow is biased downward for a given 
marginal expenditure. 
For Antofagasta, if vm estimate additional storage to raise flow from 81 
million mvyear to 88 as requiring 1.15 million hk of storage, and build 
this at the highest unit cost used, namely 200 escudos per 1000 m^ of 
capacity, (since the largest reservoir to handle this required storage 
falls into the smallest size class), average annual cost per million 
cubic/meters of added annual flow would be 2,684 escudos. This figure 
was adopted as the marginal, cost of ilow. (At the computed constraint 
of 1,840 escudos only the miniasum tlov would be supplied). We assumed 
that floi;r would be raised to the amoxmt indicated by a marginal cost 
of 2,684 escudos by interpolating on a marginal cost curve that is 
assumed to rise linearly from zero at present minimium flow to the point 
given by the first interval in the table of costs. 
The behaviour of marginal cost when the size-order of reservoirs is 
reversed is discussed later. 
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(2) Reducticoi in irrigated l̂ ectareage is 62,000 or approximately 
three percent of irrigated ai-ea in the country as a vahóle. 
The loss in irrigated area v/ould be, of course, relatively-
more critical with respect to the local econoiiy. Also, the 
reduction in output would be relatively greater than the 
reduction in irrigated area. 

(3) The savings in capital costs, after adjusting by the seasonal 
storage coefficient is E° 443 million or 24 percent of "full 
development" costs. For the six regions of the north considered 
by themselves the saving is about 60 percent. Savings in 
annual costs would be about E° 37 million. 

(4) The costs of going from the level of development represented 
by accepting the marginal cost limitations of Table XIII-3 
tfi. full development under Case I, would represent a capital 
cost per hectare of new irrigated area amounting to about 
E"̂  23,000, and an axHiual cost of about E° 1,875. These are 
only the costs of regulation and do not include annual 
on-the-farm costs {about E° 500 per hectare according to 
Villarroel & Horn, p, 52) or costs of major canals (about 

40-50 escudos per hectare according to Villarroel & Horn, 
after adjusting 1962 Escudos to 1964 values). 

(5) The chosen marginal cost limit for flow regulation, which ranges 
between E"̂  8,900 (1964 escudos) for Santiago and E° 4̂ 200 for 
Tarapaca and Antofagasta conipaî s quite favorably with average 
costs incurred by the Dirección de Riego for past reservoirs. 
On the basis of data in Villarroel & Horn's study, annual 
capital cost computed at 8 percent interest and 50 year 
amortization, ranged between 67 escxidos (1962) and 158 escudos 
per hectare for past reservoir projects constructed by Dirección 
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de Riego. These values should be doubled to convert to 1964 
escudos, the price level on which our cost§ are based. For 
Atacama, for which a marginal cost of 6,050 escudos per million 
cubic meters of flow was fixed, this means (at net loss rates,, 
since return flow is usable) an annual capital cost of• about . 
84 escudos per hectare, a figure that is loiir when conipared v/ith 
past investments converted to 1964 prices. Î e marginal cost 
limits of Table XIII-3. appear to be within the limits of 
credibility, on the assumption that historical average costs 
do not materially differ from historical marginal costs. 

It is possible to construct models of water use based on other 
assumptions. V.'hat, for example, ax-e the implications of regxilating water 
resources in each region only up to the level at v/hich regulated flow 
never falls below the flow available 50 percent of the time, or alter-
natively, never falls below one-half the average annual flow. In either 
case the total amount of regulation iioulá be lower than is given by the 
marginal cost limit used in Table XIII-3. 

An interesting speculation is the effect on total costs of water 
if projected grovrth of municipal and manufacturing activity in v;ater 
short regions v/ere transferred to v;ater suî lus regions. The level of 
water resource development by agripulture would also have to be settled 
in order to ascertain the savings in the costs of v/ater used by the 
displaced non-agricultural activity in the v/ater short regions. In fact, 
the greatest development of activity in a water-short region, given 
national production goals, can be justified by "assigning'' as much as 
possible of the high cost water to non-agricultural users for which 
water costs are a relatively small part of total costs and vmter 
economizing techniques can be adopted at costs that are not prohibitively 
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high. We can, therefore, assume that if the level of agricultural develop-
ment is given by the marginal costs of \/ater in Table XIIX-3, non-agricultural 
water use is met by the more expensive increments of supply beyond the 
indicated marginal cost. Costs of non-agricultural users as v/ell as 
savings in expenditures on water if non-agricultural activity is moved 
to regions of lower vmter costs can be determined on this basis. 

According to Case I, v/hich implies maximum recirculation in use of 
non-agricultural water, non-agricultm-al flow requirements in the six 
northern regions amount to 478 million cubic meters per year. Supplying 
this flow in the regions in which the uses are projected, (except that 
in Antofagasta maximum regulation falls short of meeting projected 
requirements), T/ould require an additional 122 million in original 
capital outlay and about E° 10 million in equivalent annual cost over 
the costs required to meet flo\7s subjected to a marginal cost constraint 
out of which non-agricultural needs had to be supplied. The con5)utations 
are given in Table XIH-3.Í'''' 

1/ In examining Table XIII-3 the reader must bear in mind the fact that 
"" neither the flow-storage curve nor the shape of the marginal cost of 

flow curve is v/ell established at the lower end of the scale, especially 
for flows with a security of 35 percent, since for these flows the 
Centro de Planeamiento supplied fe\;er points from which to construct a 
flow-storage curve. In applying the idea of a marginal cost constraint, 
vre assumed that the marginal cost cxirve vjas zero at zero increments to 
existing minimum flov/, and that the curve rose linearly from this point 
to the first interval computed iu Appendix Tables 18 to 28. If, in 
fact, the movement of the marginal cost curve is discrete, and the first 
increment in regulation (v/hich is not necessarily the first step in 
Appendix Tables 18 to 28), indicates that marginal costs have a miniimim 
value that exceeds the constrained values of Table XIII-3, then the 
flows shown in Table XIII-3 are over-stated. For each basin in which the 
constrained marginal cost is less than the minimum marginal cost that 
Tirould be experienced by the first unit of storage, the existing mdnimum 
flow would have to be substituted for the indicated flow. 
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Table XIII-3 also reveals that for the northern regions taken as a 
whole, the effect of adjusting required storage to meet seasonal require-
ments is negligible. Requirements are increased in Tarapacá, Antofagasta, 
Atacama and Coquimbo, but are reduced in Aconcagua-Valparaiso and Santiago, 
The net effect is an aggregate reduction, relative to storage designed 
to yield a constant flow, of about 2 1/2 percent. An effect of greater 
consequence that shoxald be incorporated in more detailed studies is the 
increased evaporation that must be taken into account—especially in 
Antofagasta, where the evaporation rates are high and the seasonal 
coefficient large—of the added regulation needed to n̂ et seasonal 
requirements. 

The effect of yielding to agriculture all flov/ that is provided by 
storage after introducing the marginal cost limits of Table XIII-3 in̂ lies 
that marginal costs of water for non-agricultural purposes would range 
betip;een 6,000 escudos and 4<4,000 escudos i/ per million cubic meters per 
year,'depending upon the water resource region. Antofagasta is the only 
province that vroixld exhaust its water supply before supplying all projected 
jrequirements, iaaplying, therefore, a reduction in irrigated hectareage 
below the projected amount. It is this reduced level of irrigation that 
is implied in Table XIII--1, Case I, (no marginal cost constraint), a level 
that falls between the two alternative situations described in Table XIII-3 
(marginal cost constraint). Total hectareage in Antofagasta vrovld fall 
to 2,626, thereby reducing the northern regional total by 1,300. A rounded 

1/ These are prices equivalent to a range of $ 2.31 to $ 17,50 per acre-foot 
"" at 1964 official rates of exchange, or between seven-tenths of a cent 

per 1000 gallons and 5.5 ̂  per 1000 gallons, prices that v/ould be within 
the economic range of municipal users in general, even with, additional 
costs of purification and delivery that would have.to be incurred. 
Furthermore, the high marginal costs are in the Aconcagua-Valparaiso and 
Santiago regions, the tvio regions that are most urbanized and most able, 
by virtue of the concentration of iirban activity, to bear relatively 
high costs of water. 
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figure of 343,000 hectares being supplied with water for irrigation in the 
northern provinces appears reasonable in terms of a land constraint and 
estimates (very crude) of marginal costs of water. 

The significance of this reduction in irrigated area is (iuite a bit 
greater when converted into agricultural output. If all land that was 
irrigable were supplied with water, estimted production (at current rates 
of output per hectare) would be about 48,900,000 metric quintals of 
wheat equivalent] production from arable dry land v/ould be 13,800,000 metric 
quintals, for a total of 62.7 million nitric quintals of wheat equivalent. 
If agriculture is extended in all water short regions to the full extent 
of the available water supply after meeting non-agricultural projected 
requirements according to the conditions of Case I, output would be reduced 
by 4,0 roillion metric quintals of wheat equivalent, or a reduction of 
8.3 percent. If irrigated hectareage v/ere further limited by a marginal 
cost constraint, giving agriculture all water up to the amounts supplied 
within the constraint, total output would drop another 800,000 metric 
quintals to an output of 57.1 million metric quintals of wheat equivalent.1/ 

If we supposed that the marginal cost constraint applied to all water and 
that agriculture received vihat was left after n̂ eting Case I non-agricultural 
requirements, total production in the northern regions would be 700,000 
metric quintals less. In both cases, if we were to assign all costs of 
regulation to agriculture, an extreme step, the average cost of storage 
would be twelve and a half escudos pér metric quintal of Tiheat equivalent. 
At full regulation under the same assumed allocation of cost, average 

3/ See Tabdes XIII-5 and Appendix Table 29 for example of adjustments. 
Outputs from non-irrigated land is increased as irrigable hectareage 
is converted to dry land. 
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cost WQVild be 15,3 espudos per n»tric quintal, The mwginal cost of water, 
expressed in relation to agricultural output mounts rapidly if v/e go from 
a CQSt constrained supply to full regulation. In going from the condition 
in which agriculture is a residual claimant to Ijeing a full claimant of 
the cost constrained supply, the water cost pe?? marginal metric quintal 
of wheat equivalent is 13.8 escudos; in going to full regulation, water 
cost per metric quintal of wheat equivalent rises to escudos,3/ 

It is very difficult to know with the data we have, how much production 
originate-3 on irrigated lard of the northern part of the country (Santiagp 
northward) since area that is shown as "irriĝ téd" is not necessarily 
producing as effectively as an area that enjoys 85 percent security, the 
security in̂ jlied in projected storage figures. Thus, the presumed levels 
of present output in metric quintals of wheat equivalept constitute a 
measurcraent that ought to be abandoned in favor of something better at 
the earliest opportunity. The use of such arbitrary values for determining 
present (1959) output is likely to be more misleading than when used to 
compare one hypothetical model with another, in which the rel̂t:Î :̂i changes 
are significant enough to sustain interest in the model even if the 
absolute values are incorrect. According to all Case I models, whether 
full regulation or cost constrained| total irrigated hectareage in the 
six northern regions would faH below 1959 levels. Production would 
probably rise merely as a matter of higher security of water, but without 
more information we cannot say by how much. For this reason we cannot 

y In 196-4 the average wholesale price of wheat was about 21 escudos per 
metric quintal. The fraction représented by costs of water is unknown 
but must have been quite small. A comparable outlay for water presum-
ably would hold, with minor variation, for other p?t>ducte v/hen 
expressed as 'wheat equivalent." 
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COMPAllÎ ON OF OUTPUTS AND COSTS OF WATER, AltTÜRNATIVE PRO;í|»yíONS FOR Â IGUI,TÜRE, 1985 

Prô ĉtion 
Output ' 

qqnvAvheat equivalent 
' Awal costs of stream 

regulations 
t̂hovisands of 19j&4 escudos 

Baalo, all irrigable 
land 

Bejtond limits ojC water 
ipupply without transbasin 
pjvementa 

Case I, full regulation 57,893,352 84,021 

Case I, water supplied to 
agriculture up to specified 
njarginal cost 57,102,8?? 47,204 

Case Ij, water supplied to 
all iif̂'irs up to specified 
margixiai cost, agriculture's 
needs met after all non-̂  
agricultural requirements 56,404,210 37,532 
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indicate wl̂ it \7o\jld be the mwginal chaiiges in production (relative to . 
present levels of production) as a result of specified levels of ejcpenditure 
on stream regulation. Tbe n̂ ed for such information is pe^wunt, At 
the moment we shall assume that one or swiiother of our cost constrained 
models will meet the test of economic feasibility. 

In spite of the qualifications with which we must hedge any measure Of 
current output from dry and irrigated land» shall proceed with 
use, Th« reader v/ill recall that projected increased demand over the pî sent 
for agrjou'-'.̂ ral products on the basis of Medium B yates of growth were 
as follows: 

Increase in demand with xio change in iô iort balance * 
Increase in production to eliminate subst̂ tutable lû ports ^ VS 

Total, projected increase' over present " 132̂  
Present output vias estimated as being equal tp 53,500,000 metrip 

quintals wheat equivalent. In order to meet p|?ojected 3?equirements 
output in 19S5 must be equal to 124,120,000 metric quintalí?. If Chile 
develops all flows to their theoretical limit, output would bri >7.9 milr 
lion metric quintals at current rates of productivity per hectare, Output 
per hectare would have to increase by 2»14 tljnes for projected requirements 
to be met. If Chile applies the loarginal cost constraint that we have 
used in our illustration and agriculture is put into a residual position, 
(i,e. non-agricultural water requirements are fully met first), total 
output would be 56.4 inillion metric quintal?, Produclilvlty per hectare 
would then have to rise by 2,2 times. The difference between these 
alternative ŵ ter resource policies v/ould have a negligible effect on 
the required increase in productivity, Othey water resource poUĉ jies 
might be stipulated but lî lied effects on the |?equl?ed increase In 
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productivity would npt yield resyXts that materially differ from tjiose 
already indicated. In ̂hô tj, without a douljling, and then some, of 
oul̂ put per hectare, Chile cannot meet its production goaiis even after all 
stepiS have been taken to expand the area of irrigated ̂and» 

Another inference to be draiiyn from the estî jmtea i? also significant. 
The difference in annual costa of water between full ijtilization and a 
marginal cost constraint is about A^ ̂ llion eŝ û ips. Thi? amount j, sup-
plemented by the additional delivery and on̂ the-ffarm costs of bringing 
lihe larger ai-ouiit of land under irrigation, is an alternative to the 
cost of raising output per hectare from 2.14 liiwe? $ts present level 
to 2,2 times its present l e v e l — a n alternative to the marginal 
cost of raising output por hsotare by another four percent after it 
had already been doubled. 

Ôia final note. The water supply availal?le for agriculture, on the 
assun?ption of full regulation, after meeting non̂ agricultural requirements 
of Case XII (all downstream intr-ike lost), is abput the same as rl? available 
to agriculture if it receives all viater after applying the cost 
constraint. cxitput and iinplied inô êases in productivity fall between 
the oases we have Just disot;ssed, 

The economic consequences of these adjustments ca« he stated in 
single terms: 

(1) It is impossible to irrigate all irrigable land without 
transbasin movement of water, (given the coefficients that we 
have used). 

(2) Full regulation under condit:)Lons of Case I, allocating to 
agriculture the wate? that is available aftejp peetihg hon-
agricultural requirement?, would â low prpdviction of 57,9 milUon 
metric quintals of wheat equivalent, at a total aniiua!). C9St 
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of strea» regulatí-on of 84 millipn epcuáos (1964 prices) and 
a cumulated capital investment qf 1.0 Mllion escudo?. 

(;?) Iniposing a marginal cost limit to t}ie conditions of Case I, 
allpcating to agriculture all wŝ ter ava^able within the 
specified limit (except in Antofagasta, where nonragricultural 
needs excee4 the balancej, agriculture's use is reduced), Íní>lie9 
a total output of 57,1 million metric quintals of v/heat eq\;Jyalent, 
pt a -total annual cost of stream regulation of 47 million 
c j-n-.dcc, s. cumulated investment of 0.6 billion esciidosf 
(See Table XIII-6). 

The saving of 36.8 millicn escudos (1964) per ypar is accompanied by 
a reduction in agricultural output of 789,5?9 metric quintals of wheat 
equ'(.'."lent. This is tantamount to saying that the extension of irrigable 
heetar-:;age to the full limit of runoff (with 85 percent security) 
involves a marginal water post of 46.6 escudos per metric quintal of wĥ iit 
equivalent. Given the structure of agricultural ̂ d nonragricultural prices, 
in the world as well as Chile, the extension of irrigable area to the limit 
of full regxilation is not warranted. 

By adopting the marginal costs of water that are implied when non̂  
agricultural requirements are met after agriculture receives all water 
up to the marginal cost constraint, we can, ascertain the savings that 
would result from moving non-ragricultural activity from water short to 
7/ater-surplus regions, Since we do not Icnow exactly what is or is npt 
footloose, we shall assume that one-half of the non-agricultural require-
mnte in the four northeiTi provinces and thrê -quarters of the requirements 
in Aconcagua-Valparal&o and 3antiago could be transfer?7ed to another 
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region,V Total movable water requireraents computed in this way would 
l3e 329 million M^year, This quantity could be supplied at zerp cost 
of regulation at 85 percent security (or mpre) in the ValdiyiarWlanquihué 
region, and at relatively low marginal costs (roughly, between one and 
four thousand escudos per million cubic niters per year), in the other 
regions. ífeí̂ inal costs of stprage of the displaced ŵ ter in the northern 
regions ranges, for this model, between 6,270 and 43»549 escudos per 
million cubic meters per year. For the six regions in the aggregate the 
savings wcvJA be an esti-cated 12.5 mimon escudos (1964) annual3y,^ of 
which 11.5 million originated in the Aconcagua-Valparaíso and Santiago 
regions. At the 1964 official rate of excha?ig9 this amounts to about 
$ 3 million per year, an anoiint that seem relatively saiall in coniparison 
with the violent shifts in population and activity that is iirolied. If, 
however, to the costs qf regulation are added costs of high level treatment, 
the savings in costs of water by transferriiig urban activity to water 
surplus regions grow considerably. 

The assun̂ tion that three-fourths of non-agricultural ac;tivi*y in the 
Valpara/so-Santiago area can be moved implies a decline in population over 
present levels. Let us, then, reduce this percentage Xó 50 percent, 
in5>lying thereby the maintenance of existing population and urben activJî  

^ Given the existing Chilean preference for domicile üi the Santiago 
area this is probably an extreme assumption. We ignore the problem 
of generating excess capacity of overhead services in the losing 
region and shortage of overhead services in the gaining region. 

g/ Apart from local distribution and treatment costs. If lô ig-line 
transmission costs are required in the north, as in some cases they 
are, this should be added, because such requirement would npt be 
necessary in the south. 



nil - 24 

(since progeptê  urban population for Santiago in is approximately 
4ouT3le tlie present population). TI»? most extreme measure of potential 
saving is provided by moving all footloose activity into the Valáivia-
i;aánquihue region. He?e agricultural deî ands are negligible, 1/ if not 
zero, and projected non-agricultural requirements range between 56 and 
186 million cubic meters per year, depending upon the model. The flow 
equalled or exceeded 95 percent of the time,^ i? 22,03$ million cubic 
meters per ye?r. The amouiit of storage necessary to raise the level of 

security ix' th?.t flow to IQO percent ywld be 475 5»iXlion cubic mete;:s.4' 
If waste dilution requirements are proportional to non-agficv̂ tural 

water use, we can concliide that at zero treatment flow requirement? for 
vmste dilution of the six northern regions woû -d be about 11,<"'00 million 
cutlc meters per year. This quantity, plus the intake |:«quii-'̂-r/;ients of 
239 KJ,lion cubic meters per year (one-î alf the projected Case I nont-
agricultural requirements) is well within the ĉ p̂ bility of the Valdiyiar 
Llanqulhue region at zero costs of regulation for 95 percent recurity, 
Consequently, in addition to saving 8.7 million escudos (lesf? thaji the 13 
million escudos discussed above because only one-̂ ialf of non-ragricultural 

3/ 

1/ The photogrsinmetric survey shows 16.4 hectares irrigated in Ocorno, 0.7 
"" hectares in lilanquihue, and 541»4 hectares of mixed classification in 

Osorno. We assumed that there was no demand for irrigation in the 
three provinces-•-'Valdivia, Osorno and laanquihue, 

^ As defined by the Centro de Planeamiento, see abovê  
2/ Ibajj3Z, Harboe, and Poblete, pp. olt. This can be compared with the 

3.5 billion cubic meters needed to raise the minimum flow in tiie sijc 
northern regions to 4,87:̂. jailliop cubic meters per year with 85 per-
cent security, 
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water viŝ  in tiie Aconcagua-Vaipgirafso and Santiago rê ôns are transferred), 
22,7 BKiHion esoudós (including QpUecliipn cpsts) in treátm̂ nt costís at 90 
percent treatment wp̂ id ije saved.Total savings would te atout 31.4 
million escudos, or approipimtely $ 8 million̂  annvjally. Cyunulated 
capital savings would be on the oî der of $ 100 million, since vre have 
assumed annual costs to be S,17 percent of osipital cô ts. 

Net capital (and annual) savings would be somewhat less, because of 
the addltioxml housing costs that would be incurred against a slightly 
lower aversigr; winter tepperature and considerably greater rainfall. 
There might be a net change in transportation costs, but whethei* positive 
or negative cannot be ascertained without further investigation, Thê ^ 
might also be a net change in per capita costs of other urban services; 
but again the direction and magnitude of differenpe cannot be deteiwined 
withô-it additional study. The possibility of saving & capital sum of 
about 377 million escudos in costs of watê  (regulation of supply plus 
treatii>ent) over the next twenty years is, however, attractive enough to 
warrant further detailed study, Chile might decide that the benefits 
of living in the Valparaisô Santiago area are worth the costs, (either in 
the form of capital costs to provide an adequate quantity of water of 
suitable quality or in tha for© of deterioration In the quality of water 
and regularity of supply), but the benefits of investing this.large 
sum in alternative activities has âti attraction of its own. 

^ pavings at 35 percent treatment ?/ould be 12.B million escudos, but 
since Santiago accounts for BA percent of the treatment «posts, apd 
because its inland position will probably compel high level treats 
ment, it is more reasonable to assume 90 percent. 





Chapter XIV 

THE QUESTION OF WATER QUALITY 

In the previous chapter it was noted that if water quality became a 
matter of such concern that a standard v̂as adopted, whether formally or 
informally, and ¥.̂hether by zoning or other type of regulation, substantial 
savings v/ould be made by inducirxg the migration of non-agricultural activity 
from the v/ater-short to the water-surplus regions, especially to such cities 
as Valdivia and Puerto Montt, located on Tidal víaters. However, it is in 
this southern region, plus Cautín province immediately to the north of 
Valdivia, that instream quality maintenance is likely to be of greatest 
oonsequence. Here is the famed lalie region of Chile, one of the outstanding 
fresh v/ater sport fisheries of the world. \'/hile the rivers of the region 
can assimilate a certain amount of v/aste, their natural beauty T/ould 
undoubtedly be defiled by a substantial increase of vmste-producing activity 
along their banks, even on the assumption that treatment would reach a high 
level. For this reason, and because the reversal of the "natural'' extra-
polation of events from the past to the future that is implied in such 
population redistribution raises forbidding obstacles, we shall return to 
our basic projections as modified by Case I in order to exaMne the 
conditions tinder which water quality can be maintained. Our analysis v/ill 
be limited to the maintenance of quality at a level of 4 milligrams per 
liter of dissolved oxygen.̂ ^ The output of pol3.ution and dilution requirements 
after treataient were inferred from coefficients based upon studies prepared 
for the United States. 

1/ The choice of 4 nig/l of dissolved oxygen is arbitrary. Should further in-
vestigation reveal that a lower (or higher) oxygen content is appropriate 
for planning purposes, it would not be difficult to change all relevant 
flow and cost figures. 
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Costs of treatment were inferred from data taken from the United 
States, but reduced by fifty percent.in agreement with some slight 
evidence regarding construction costs in Chile vis-a-vis the United 
States. 

Treatment costs were estimated for 35 percent, 70 percent, and 90 
percent levels of BOD removal. Collection costs were assigned only to 
municipal treatment and were ass\jmed to be one-half the U.S. per capita 
figure. Annual costs were assumed to be based on an 8 percent interest 
rate rather than the 2 1/2 percent used for the United States. 

The costs of maintaining v/ater quality are the sum of treatment costs 
and costs of waste dilution flows - i.e. the costs of maintaining a flow 
greater than is necessar-y to meet offstream intake or losses. In order 
to estimate these costs as conservatively as possible (i.e. by adopting 
a model for which the marginal costs of flOT; ?J-ould be as loxf as possible)' 
we have based all cost estimates on the marginal cost constraining variant 
of Case I for which agriculture was a residual claimant after non-agricultural 
water needs were met. 

In order to m.ake the most of a given flow we shall assume that all 
water not consumed upstream is available for both waste dilution and 
dovmstream intake. Therefore, only the excess of waste dilution over 
dovmstream intake is charged against quality maintenance. (In computing 
upstrem losses, .and irrigated hectareage all agriculture was assumed to 
be upstream, since a limited amount of water will go farthest if irrigated 
areas are far enough upstream to allow recovery of return flov/).̂  

]/ According to Walter A. Castagnino, Engineering Adviser, Natural Resources 
Division, Economic Commission for Latin America, capital costs of plants 
providing primary and secondary treatment, are about } 37.50 per capita 
in the Unites States and about $ 20.00 per capita in Chile. 

2/ In the. northern regions irrigation return flow will probably contain 
dissolved minerals. V/e may, therefore, be overstating the possible usability 
of water dovmstream, both for agricultural and non-agricultural pux'poses. 
Subsequent investigation may reveal that a more accurate picture is yielded 
by assumiiig that all irrigation is downstream - i.e. all intake is lost. 
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Tables XIV-1 through xrV-3 Appendix Tables 30, 31 and 32, show 
estimated costs of collection, treatment, and flow augmentation for 
various treatment levels. (Industrial waste treatment cos'ts are based 
upon the number of P.E.'s produced for Medium B projections). 

What should one do in Antofagasta and Santiago, vihere the supply of 
vrater is too lov/ to maintain a dissolved oxygen content of 4 mg/1 even if 
subjected to complete regulation and treatment is extended to 90̂  BOD 
removed? Should regulation be carried to the limit ̂ yv/ay? Should 
treatment be carried to 90 percent? At full regulation and 90 percent 
treatment about 60 percent of Antofagasta's flow dilution requirement can 
be met, but only about 16 percent of Santiago's. For the purpose of 
Table XIV-2 we have assumed that a maximom effort was made, and have 
ignored the possibility of 35 percent and 70 percent levels of treatment, 
since at these lov/er levels of treatment flows would be hopelessly inadequate. 
In regions of limited supply, only the costs of 90 percent treatment and full 
regiilation v/ere estimated. A reasonable alternative for the seven northern 
provinces v/ould be 90 percent treatment without flovi regulation, since the 
cost of augmenting flow is very high relative to the probable additional 
benefit of maintaining instream v/ater quality. 

Costs of treatment were assumed to be incurred only for wastes discharged 
at inland points. V/astes produced along the coast, domestic and industrial, 
Viere assumed to be discharged into the sea without treatment. It was not 
possible to establish v;hat effect this vrould have on the usability of beaches 
for recreation and the productivity of coastal fisheries. The assuDption 
coincides with present practice. In coastal areas that are summer resorts 
it is likely that at least primary treatment wi3.1 become necessary. Hence 
treatment costs for the Aconcagua-Valparaiso provinces are probably under-
estimated. 
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r̂  t> to O O CN ifN 

Q O O Q O Q O p O £ i O 

cd -p ta ^aS cs 

O ai 
cti 

aS 
s , 

u CO H O O 
0) 

o UO CO ,Q «) Cd g s 

cd O O 
fi tti 'ri O G k-A 

W W-ri J 
Cd cd bO^O U -H " C3 -P 

vO 
vO •nT 
ri 

I I 

Lr\ H 

to vD 
•V 

CM 

to 
CO 

: I I 

bO o 0) 0} H -H H O 

0) 
-p d 
Cd fl I-H o cd cd 
¿n CQ %o I 0) E-i •H Cd o >rl Co ft >'«.(D ̂ 1-1 

c d c - p o q c r t -

d c rĤíü 
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Aimual treatment and collection costs for the covintry as a •'«iiole were 
estimated to be 37 million escudos for 35 percent treatment, 54- nallion escudos 
for 70 percent treatment, and 67 million escudos for 90 percent treatment. Of 
these totals, about 60 percent were attributed to the Aconcagua-Valparaiso and 
Santiago regions, Santiago itself accounted for more than half the national 
total. 

The growth of collection costs is inevitable even with little or no treat-
ment or dilution. V/ater borne diseases in Chile are more likely to be caused 
by pollution of ground v/aters (that then infiltrate into water pipelines) by 
inadequate sevmge systems than by inadequate treatment of municipal water. 
Many sev/age systems ai-e relatively primitive - e.g. in Santiago they must be 
flushed - and are likely to be replaced as soon as possible. Hence, we have 
assumed that collection costs are a direct function of total urban population 
rather than of the increase between novj- and 1985 in urban population. 

No additional factor was introduced for the costs of collecting industrial 
wastes. Altogether, collection costs rere estimated at about 16 million 
escudos annually (196-4 prices). They do not vary v/ith the level of treatment. 

In Table XIV-2 the costs of treatment (without collection) and costs of 
additional flov; are added together to measure the costs of quality maintenance. 

Each region has its ovm response to the maintenance of a quality 
standard. Tarapaca, for ê cample, in spite of being a v;ater-short region, 
needs no additional dilution if treatment of upstream v/astes is carried to 
90 percent BOD removal. Neither Antofagasta nor Santiago can meet a 
standard of 4 mg/l of dissolved oxygen even with full reg-olation. This 

Most likelj)- this assun̂ jtion results in some overstatement of required 
seviage outlays. • • 
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suggests that not only will treatment have to be carried to high levels but 
that other techniques, such as artificial aeration might be i:recessary. Atacama 
and Aconcagua-Valparaiso can maintain v/aber quality only if treatment is 
carried to 90 percent; Coquimbo and Tarapaca can maintain water quality with 
treatment as low as 70 percent. 

All I'egions from O'Higgins-Colchagua southward can meet the dissolved 
oxygen standard by various combinations of treatment and flow. Where there 
is such a choice presumably the selection will depend upon the combination 
that costs the least, unless the possibility of earning income ̂varrants a 
more expensive alternative, (e.g. hydroelectric power revenues). In 
Curico'-Linares the least cost combination is at 70 percent treatment, and 
in Concepcion-Cautiii at 35 percent. (Zero treatment vfith augmented flow 
vrould cost about the same). In the Valdivia-Llanquihue region the projected 
discharge of untreated wastes would not reduce instream content of dissolved 
oxygen belov; 4 mg/l even at zero treatment and present Einimum flows. 

If we assume that whenever full regulation falls far short of meeting 
required flov/s no expenditure is incurred for waste dilution but that 
otherwise such expenditure is made, annual costs of dilution range between 
1.3 million escudos for 35 percent treatment (but all iiorthern regions fail 
to meet the quality standard) to 3.5 million escudos at 90 percent trea-̂ ment, 
at which all regions except two meet the standard. 

The least cost combination of flow and treatuisnt is shovra in Table XIV-3. 
Altogether, quality maintenance would cost 58.1 million escudos per year, 
(exclusive of collection costs) of v/hich 42,6 million are treatment costs 
and 15.5 mállion ara storage costs. The "minimum cost'" quality maintenance 
program i/is estimated to cost about one-half of the amount that would be 
required to regulate flov/s for all other purposes. If on3.y treatment were 

1/ This is 'minimum'' only v/ithin the limits of the underlying assumptions 
of waste produced and the technology of v/aste treatment. If these 
assumed conditions are changed another combination might be ''minirn'om''. 
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provided, the total costs of quality inaiiitenance would fall ty 27 percent. 
Including collection and dilution, total costs of quality, maintenance are 
estimated at alDout 75 million escudos (1964) annually.-

Except for fuble and 0'Higgins-Colcliagua, which together account for 
only 6 percent of total waste dilution costs, all required v/aste dilution 
flows of the minimum cost model are to "be found in the northern part of 
the country where they could serve agriculture if recaptured before discharge 
to the sea. Land area so served would "be determined by gross rather than 
net water requirement per hectarea, since the land v/ould be "downstream" 
rather than "upstream'̂  Dilution flows required in O'Higgins-Colchagua and 
Suble T/ould have no additional use, unless such flo?/s v;ere part of a 
regulated release for hydroelectric power, since there is no irrigable land 
that would not already be irrigated. (All iuble requirements aré computed 
at loss rates since Ííuble is "upstream". 0"Higgins-Colchagua dovmstreams 
intake requirements have already been taken into account in fixing the 
'•extra" waste, dilution flov/-s at 144- million cubic meters per year. Of 
course, new developments not anticipated in our model might make use of 
the ?;ater). . , 
• . Total irrigable area that could be served by waste dilution flows 
aTiounts to 24,700 hectareas, provided additional dô f/nstream regulatory 
.storage were available. Conceivably such deregulation might be met by 

! 

small on-the-farm ponds, since the amounts of water and irrigable area are 
not large. The additional area supported by, dilution flows would not 
offset the relatively high cost of dilution water. (The cost of waste dilutioi/ 
excluding O'Higgins-Colchagua and ®jble - is about 27,300 escudos per 
million Ivr per year, or, if assigned v/holly -to agriculture, 590 escudos 
per hectarea per year). 
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The question of water quality involves the two kinds of action that 
have heen discussed: treatment of v/astes before discharge and dilution of 
the discharged, treated effluexit. Because of Chile's limited experience 
with matters pertaining to water quality there are few supports for any extra-
polation of policy into the future, and "because of past unconcern there is 
little information. The figures \/e have used and the conclusions v/e have 
reached are wholly inferential and "based upon translations of foreign 
experience and data to Chilean waters. The need for a Chilean "import-
substitute" for information is obvious to anyone who begins study of 
Chilean water resource problems. 

We have said nothing about the cumulated capital investment that 
maintaining high quality v/ater viould require. Capital costs are assumed 
to be approximately twelve times annual costs, based upon 8 percent 
interest and 50 year ainortization. A collection system alone (whose costs 
have not been included in several of the previous tables), would require 
a total investment by 1985 of approximately 200 million escudos (1964). 
Treatment plants, for the least cost combination of ti'eatment and flov/, 
v/ould require another 500 million escudos. The added cost of flov; would 
require another 186 million escudos. Altogether, the cumulated capital 
cost by 1985 amounts to about 900 million escudos (1964) (about $300 million 
at 1964 official exchange rates), 

A minimum program (as distinct from the minim'om cost progreim discussed 
above) that ̂iould provide primary treatment to all domestic and industrial 
wastes discharged upstream, except v/here present minimum floi/TS would 
adequately dilute untreated wastes, would cost 16 million escudos annually 
for collection and about 20 million escudos annually for treatment, or 
about one-half the cost of a program designed to meet a DO standards of 
4 mg/l. Its capital costs would be about 432 million escudos. 



Chapter XV 

VARIATIONS ON THE FAJOR THEBffi 

Higher Degreéis of Security 
All estimates of storage oosts are based on the assunption that a 

certainty of 85 percent..was assured for the indicated flovra. This means 
that three years out of t\7enty, on the average, floxTS will fall belov; the 
specified quantity. 

Our data enable , us to give approximate ansí̂rers to tvro additional 
questions: (l) '.̂hat vrould be required to raise the level of security to 
100 percent? (2) ^̂ hat flows have a certainty of 100 percent when the 
indicated floras have a security of 85 percent?^ 

If existing flows equalled or exceed 95 percent of the time are raised 
to 100 percent certainty, non̂ -agricultural requirements, assuming high 
levels of recirculation for Industrial uses, can be met vvith no difficulty, 
(at the expense, of course, of agriculture). This can "be accomplished xñth. 
less storage than is specified for Case I, marginal cost constraint, 
agriculture as residuâ ry. 

If, on the other hand, there is a desire to raise the level of security, 
of all users from 85 percent to 95 percent or 100 percent, the amount of 
storage is significantly increased. Table XV~1 shows the percentage changes 
in storage that.would be needed beyond that required for 85 percent 
security. Storage volumes would have to be raised by amounts ranging 
between 2 percent and 55 percent in order .to reach 95 percent certainty; 
and by amounts ranging betv/een 3 percent and 68 percent to reach 100 
percent certainty. In several regions the addi-bional storage requirement 
appears'' to" "bé iiíglgnifióant, relative to all other uncertainties with 

See earlier comments on "100̂  certainty". 
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which our estimates deal. These regions are Tarapacá, Antofagastâ  
Aconcagua-Valparaiso (for 95 percent certainty), Santiago, and ̂ ble. 
Elsevifhere, Vv̂ ere storage volumes vrould have to be increased by amounts 
ranging hetx̂ een 30 percent and 60 percent, the economic effect, xihen 

translated to marginal cost would he quite constricting. 
The amount of storage required for Case I, marginal cost constraint, 

agriculture residual, vrill provide flov/s v;ith 100 percent security that 
are roughly 90 percent of the amount provided v/ith 85 percent security.̂ ^ 

Non-agricultural requirements fall \7ell within these quantities unless 
all dovmstream' industries, foundries and power plants, as viell as municipal 
systems, use water on a once-through basis. If, however, steam pov/er plants 
and mining activities recirculate, so that their intake is equal to their 
losses, dovmstream flow, v/hen highly regulated, is ample enough to 
allow manufacturing plants and municipalities to use vmter without re-
circulation. A further safety margin for non-agricultural uses is provided 
by the additional storage to meet seasonal irrigation requirements,̂  
Vihether the storage does in fact provide a safety margin for non-agricultural 
uses will depend, of course, on the amount of advance,notice that is in 
possession of those responsible for controlling releases from storage and 
on their authority to withhold the water for agriculture.2/ 

i/ Estimated from curves derived from flow-storage relationships supplied 
by Ricardo Harboe. 

g/ Except in Aconcagua-Valparaiso and Santiago, 
2/ The fact that the runoff record is relatively short in many regions 

means that our estimates of flow-storage relationships may be in error. 
Furthermore, a given volume of storage will provide 100 percent 
security of a given flov; only if the administration of releases follows 
a rule consistent with such objective over many years, and not only 
during a period of water shortage. 
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Sequence and Timing of Additions to Storage.]/ 
Nothing has been said about problems of selecting the time ̂ ĥen 

particular increments to storage capacity will be supplied, except the 
obvious fact that we have been discussing assumed conditions in 1985; 
nor, except by passing reference, have v/e discussed the possibility of 
alternative sequences by which reservoirs of different capacity could be 
added. Costs of storage were based upon ex an̂te schedules constructed by 
following the rule that large reservoirs r/ould be built first, followed 
by reservoirs of successively smaller size. Vi'e assumed that reservoirs 
would vary in size as the total volume of storage would grow toward full 
regulation, but this assumption is itself subject to correction by better 
information. 

Since the storage and treatment capacity with which our models deal 
are capacities in addition to what no*;; exist, and since certain deficiencies 
- such as in food production and the water quality of certain regions -
already exist, there is included in our models requirements for water to 
meet a backlog of need beyond the amounts that are dependent only upon 
future growth of population and demand. In order to overcome backlog 
"need", therefore, a relatively high rate of investment in the near future 
would have to be undertaken, after which, the groiHh of investment in 
water resources facilities could be based upon projected grovrth rates of 
water use. Because the planning, design, and construction of river basin 
projects usually require a lead time expressed in years rather than months, 
and because the deficiencies in data needed for rational planning 

1/ The author is grateful for the opportunities he has had to discuss 
\vith Orris C. Herfindahl many of the theoretical problems treated in 
this and other sections of the study. Dr. Herfindahl not only helped 
to clarify a number of relationsliips but suggested others as v/ell. 
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require, in maxiy instances, decades 'before they are remedied, the planning 

and data collection processes must reach a peak as soon.as possible. Where 

adequate hydrologic records require more time than is available between 

now and the date that designs will be fixed and construction begun, 

substitute forms of information must be sought that v/ill bridge the gap 

viithout incurring large risk of error. Not only are river basin projects 

expensive and long in gestation; they usually result in irreversible 

changes of a river's regimen and should not be undertaken until the risk 

of error is reduced to tolerable size. 

Problems of timing are related to .the general problem of capital 

shortage and the possibility of using alternative techniques, at least in 

the short run, to meet a given objective. For example, increases' in 

agricultural productivity can be quickly achieved by adopting appropriate 

on-the-farm practices within the limits of available.water supplies. 

Changes such as increased use of fertilizer, whióh are in perfect 

complementarity with investment in viater resources, .can be 'undertaken 

immediately r/ithout danger that later findings will prove them Tasteful.,, 

Beyond these obvious observations, v/hich are made only to avert the 

accusation that they have Ĵ een ignored, v;e shall not. go. Further studies 

in greater detail are needed in order to yield more specific conclusions. 

We can, however, add a little to.vrhat has already been presented regarding 

the sequence in iThich reservoirs of different size are added. 

Suppose the order in which reservoirs are added is reversed, beginning 

with the smallest instead,of the largest. Presumably there is no effect 

on total costs if regulation is extended to the, theoretical limit. But 

if regulation falls short of the hydrologic limit-because an economic limit 

is encountered, and if the economic limit is determined by the marginal 
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costs of storage, there can be a significant difference in costs between 
the two sequences. By beginning v/itli large reservoirs î and proceeding to 
the smaller v/e take advantage of the fact that the costs of the first 
increments of flow are low for two reasons: (1) they come ''early" in the 
movement along the flow-storage curve (which displays diminishing marginal 
physical productivity of flovii) and (2) they utilize the lowest costs per 
unit of storage that we postulate for each region. By reversing the 
sequence, so that the first increments to storage come from high-cost 
reservoirs, declining marginal physical productivity and declining unit 
costs of storage have opposing effects. The decline in marginal physical 
productivity is, however, the stronger force, so that the general movement 
of the marginal cost curve is still upward, y but at a markedly lov/er rate 

i/ The term "large reservoirs" is a proxy for "lo\7 cost'' reservoirs; by 
''lov/ cost-' T/e mean reservoirs v/hose cost per unit of Impounded v/ater 
is low. These circumlocutions reflect the fact that we do not have 
for each water resource region a schedule of reservoir sites whose 
costs of storage can be related to the total amount of regulation 
achieved at any given time. In the absence of such schedule vre have 
arbitrarily assumed that there is an inverse relation between capacity 
of a reservoir and cost per unit of capacity. Furthermore, the analysis 
has rested upon the aggregation of flows of all rivers in a 7;ater 
resource region into a single flow-storage relationship, which conceals 
intra-regional variation in this relationship. Finer detail would show 
that a reservoir of given capacity on Hiver X would add more to the 
control of flow, because of. the natural pattern of variability of flow, 
than a reservoir of equal capacity on River % within the same region. 
Further variation on this theme is encountered when the couplementarity 
or competitiveness of uses is taken into account and systemic inter-
action of demand is added to systemic interaction of supply, both 
converted from physical into monetary units. The full accounting of 
such interaction and the selection of a development program in light 
of an optimizing guide is the objective of operations analysis of 
river basin programs, 

2/ These conclusions rest upon the data we have and the generalized cost 
of storage schedule that we have drawn from the data. Should further 
investigation reveal a different relationship betv/een unit costs of 
capacity and size of reservoir (or between unit costs of storage and 
any other characteristic of storage sites that result in an upward . 
sloping supply curve of storage capacity), the effect of changing 
the sequence of reservoirs might be different. Marginal costs of 
flow could be constant or declining. 
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of ascent. 3/ 
The general pattern that is revealed by coni)aring marginal costs of 

"largest first" with ''smallest-first ' sequences, is illustrated by the 
accompanying graphs. Smallest, first marginal costs are belox-̂r Largest first 
marginal costs for the earliest stages of development, rise above in the 
middle stages, and fall below in the final stages. Cumulated capital costs 
of Smallest first exceed cumulated capital costs of Largest first, once a 
given amount of reservoir capacity has been installed and remains above 
until full capacity has been reached. • 

In none of these comparisons has the question of time as a separate 
dimension baen considered. Time appears in several manifestations; big 
reservoirs take longer to fill than little reservoirs on the same river; 
the complementary activities of farm preparation talce time; much of the 
projected demand vrill not appear until some time in the future, yet work 
inp.st begin now in order to get ready. Real costs of construction may rise, 
.fall, or remain constant. Land values are likely to chajige. • 

1/ Another consideration is the fact, that a ."largest first" sequence may 
inply relatively large capital outlays in the immediate future and 
smaller capital outlays in the more remote future. -If interest rates 
are constant over the entire period of investment the present value of 
capital costs vould, therefore, be higher under a "largest first' sequence 
than under a "smaller first" sequence. If interest rates in the more 

. remote future are expected to decline belo?/ near-term-- levels, the 
difference between the two sequences in present value of capital costs 
would be.even greater.,. 
It should also be noted that a "largest first' sequence does not 
necessarily imply that capital costs will be higher in earlier years than 
in later years, of the investment period. It all depends on the volume' 
of new storage that must be added in each year. Qti the assun?)tion 
that a constant volimie of storage is added each year, annual costs 'of 
the "smallest first" sequence will be higher than costs of the "largest 
first" sequence, since costs per cubic meter of capacity are higher 
for small than for large reservoirs. 
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In general the stream of costs and benefits over tiiue viXl be different 
for large and small projects, ttader certain circxanstanees the choice of 
"smallest first" (or a combination of small and large) is more efficient 
than a sequence in which each succeeding reservoir requires higher unit 
costs of capacity. Small reservoirs may be more economical than large at 
certain stages of development, even if costs per unit of capacity are 
higher, because they avoid or reduce the costs of excess capacity or 
because of capital rationing. 

If the experience of the United States is typical,i/ v;e can conclude 
that most countries follov/ a sequence of "smallest first"; which means that 
the economic limits of water resource development are extended farther than 
if the reverse policy had been adopted from the beginning. The cost of the 
extension of the economic limit is a greater cumulated capital outlay for 
intermediate levels of development. These relationships are indicated by 
points A, B, and C on Graphs XV-1 and XV-2. Jferginal and etimulated capital 
costs of regulation to OA are less by following the smallest first sequence. 
Regulation to OB costs less by following the largest first sequence. At 
point C, the smallest first sequence displays lower marginal but higher 
cumulated capital costs than the largest first sequence. 

Graphs XV*.3 and XV-4 are based upon the unit cost and flow-storage 
functions that were used in Chapter XII. Atacama and Santiago were selected 
for illustrative purposes without special justification. ShoTO a.ve the 
curves for cumulative capital costs and marginal annual costs per million 
cubic meters of flow. The values are taken from Appendix Table 20, 23, 
33, and 34 and are plotted as step functions. These curves, based as they 

1/ Reservoirs in the United,States. U.S. Geological Survey, Water-Supply 
Paper 1360-A, Government Printing Office, 1956, pp. 9-10. 
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are on hypothetical rather than actual values indicate the iispürtance of ' • 
having the underlying information; For Santiagó, an increase in ininimüin' 
fio?/ to, say, 2,850 million cuMc meters per year cari be acquired for á • 
cumulated capital outlay of 90 million escudos by following the'largest-
•first sequence and for 190 million escudos by following the opposite • 
sequence, the advantages are reversed, however, for the first '500' million 
cuisic meters "of additional minimum flow. 

In Atacaina, the advantage of a. smallest first sequence persists over' 
a relatively longer interval of regulation than in Santiago. Ltoginal costs 
of the smaller first sequence rise rapidly, however, and could inhibit 
development more than a largest first' sequence. Only a very restrictive 
and prolonged capital' constraint coupled with relatively high marginal 
benefits would justify a smallest first sequence. 

Because the marginal and cumulative costs of regulation ex ante are 
dependent upon the policy that has been followed ex post, storage supply" 
curves' are not as determinate as may have been implied in Chapter'XIÍ. 
However, within a given planning horizon aüidbh the basis of a'given 
historical record, most indeterminacy resting upon choice of sequencé can 
be removed. 

If the information on which the marginal cost constraints were 
determined faithfully reflects actual differences in "the marginal ' 
productivity of irrigated land in different provinces' (other iniputs 
being given), the optimum sequence of investment would be 'reasonably 

"if Indeterminacy associated v;ith the probability- of guessing T,̂hat the' 
future will bring still remains. Note also that in computing the ' 
amount of storage (and change in regulated flo?/) permitted by an 
upper limit on marginal"cost, the method of interpolating linearly 
between zero regulation and the first interval makes móre sense if 
a "smaller first'' rather than ''larger first" policy had been ' 
follovied, v/hereas interpolations made within .''later' intervals . 
contain less error if a 'larger first" policy had ̂beeri followed;. 



XV -14 

vvell correlated \,'ith the gaps that nov; prevail bet\;een present levels of 
regulation and projected levéis of regulation in each iimter resource region. 
One can hardly attach such credibility to the figures vre have fabricated. 
Presumably the tax assessment schedule reflects agricultural productivity, 
but the evidence appears to be contradictory. One would imagine that yields 
of a vrell-tetered hectare of land in northern (i.e. Tarapacéf and Antofagasta) 
coastal regions irould be highest in the country, because of mildness of the 
climate and duration of the groi/i'ing season,yet on the average, irrigated 
lands around Santiago have the highest assessed values. Should the relative 
physical productivity of irrigated land be different from the relative value 
for tax purposes, the difference may reflect several factors, among which 
is cost of transportation to the central part of the country. Under these 
circumstances, any significant lov/ering of transportation costs would alter 
the relative merits of a given geographic sequence of water resource invest-
ments r^ 

Several other factors must also be taken into account. One is the 
crop mix, ijhich today may reflect security of water supply on the one 
hand and, on the other, the fact that the overwhelming mass of Chileans 
exist on subsistance incomes, the purchasing power of which is protected 
by selective price controls. Price controls, in turn, have generated 
other controls, the total effect of which cannot always be explained by 

3/ economic logic.-' As an exaii?)le, one might cite the governmental plans for 

1/ The oases of Pica and Mantilla, inland in the province of Tarapacá, have 
agricultural land that is assessed at the highest of all values in Chile. 
Coastal areas of the Norte Grande. at lower elevations, have much lovv-er 
valuations. 

2/ Differences in land values reflecting prospective shifts from agricultural 
to urban uses could, of course, persist after transportation costs were 
reduced. 

2/ An alleged instance of the haphazard effects of government policies is the 
current (October 1965) shortage of sulphur, used as an antifungicide in 
the vineyards. Chile apparently has no shortage of sulphuric rav; materials 
but, it is alleged, has controlled price so effectively that production •Í̂O-ÍTí-. 
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agricultural production in the- next five year period.̂  These plans call 
for an increase in.wheat cultivation from 878,000 hectares in 1965 to 
967,000 hectares in 1970, hut no increase in the area devoted to vineyards. 
Since the gross produci; per hectare is six,times higher in vineyards than 
v/heat (see Table rV-3)., since, land is a .major-.constraint,, and since vineyards 
do not require unusually large amounts of water, .the proposed chan̂ ges in 
cropping areas probably cannot be justified by economic criteria. 

A serious erroic'in the.schedule of marginal cost constraints .could 
have been introduced by the present security of water supply. Only 
knowledge of production functions for various cropping patterns can eliminate 
the possibility of ei'ror. If the natural variability of flow in a given 
region is such that relatively large amounts of storage are needed to . 
regulate irrigation flows, agriisulture in that region will have adopted 
an extensive, minimram risk, pattern of cultivation rather than an intensive, 
high risk, pattern. Present laiid values. v/ould reflect this circumstance 
and yield a corresponding- schedule of marginal cost constraints. By 
uncritically adoptinĝ such constraints as the basis of policy, one fails 
to explore the possibility that a large scaXe. .change in the character of 

the .agricultural economy might warr^t much greater development . of water 
resources. On the other hand, short of.desalination and transbasin 
movements, potentials are limited.no matter hovi optimistically they are• 
viewed. • 

1/ Uipublished data supplied by IClaus Gerber, iNational Planning Office. 
2/ It is liliely that value added per hectare is correlated with gross 

product per hectare. In the five year period 1951-55, Chile exported 
an annual average of 6,600,000 liters.ofwine; in 1960, exports 
were 1,900,000 liters. There does not appear to have bfeen a vigorous 
attempt to substitute exports of wine for imports of v/heat. It may be 
that, the area into tyhich nev/ wheat production will go is not suitable for 
vineyards. But why expand, wheat production, when of all crops it has the 
lowest gross yield per hectare (except for pasture)? 
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\í/hether we have grossly overstated or understated irrigation possibilities 
in any one region, or in all regions together, has relatively little 
importance for the country as a ̂ hole. The limited supply of land is the 
major constraining factor in total agricultural output. If v/e have mis-
stated the costs of v/ater, "requiredfuture output per hectarea may be 
only 2.0 times present output instead of 2.2; or it may he 2.4 or 2.5 
tin̂ s the present. But these variations are relatively small compared 
with the big jump in productivity that is obviously needed if agricultural 
objectives are set against land resources. 
Other Projected Rates of Grpwtli 

Virtually all of the analysis up to this point has been based upon 
the medium rate of population grô t̂h and the high rate of grovrth of GNP. 
17e previously concluded that the differences between this projection and 
that based upon the medium rate of population growth and low rate of 
grovrth of GNP did not vmrrant detailed study. This conclusion rested upon 
tlie fact that because of its limited amount, irrigable land uould be put 
to maximum use at either projection, and the other variations in r/ater 
3requirements were relatively small. 

The effect of broadening the range of possibilities, by associating 
low rates of population grovrth ?dth low income projections and high rates 
of population grô vth with high income projections would not materially 
change the 3?esults, mainly because the range "between high and low rates 
of population grorrbh and high and low rates of change in income groirth 
were narrowly separated in the first place. In light of the poor state 
of basic data, an elaboration of the implications of "really"extreme 
possibilities does not seem worth the effort. Should the matter be 
pursued further at a later date, it is likely that the most importaht 
effects of adjusting to a wider range of possibilities would be most 
in̂ ortant for industrial uses of vmter and accommodation to the threat of 
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pollution. This is indicated even with tlje narrow range of possibilities 
we have considered. (See Table II-5). The difference between the lowest 
rate of grovrth and the highest in the cases of pulp and paper and petroleum 
refining almost reach a ratio of two to one. For agriculture, on the 
other hand, it is on the order of a ratio of four to five. 

One might also consider the effect on v/ater resource plans of extending 
the time horizon from 1985 to, say, the year 2000. To make plans covering 
a span of thirty-five years is nothing strange to ENDESA, although other 
governmental agencies have not customarily looked so far ahead. For a 
date so far in the future commitment of physical facilities today would, 
of course, presumably be kept to a minimvim. \\fhat ought not be minimised, 
hovvever, are the data collection effort and the steady elaboration of 
essential investigations. 





Chapter 171 • 

CONCLUSIONS MD OBSERVATIONS . . -

The main conclusion to "be draYm from the prévious fifteen chapters 
will hardly startle axiyone: "efficient" or "rational" choices regarding 
water use cannot be made without adequate fabts and figurtes and Chile is 
short on both. ' ' 

We can, if we v/ish, dra?ir substantive inferences regarding the place 
of water in the Chilean economy, the prospective investments required to 
assure a specified water supply, the distribution of economic activity 
consonant with a designated expenditure in Virater resources, and the 
implicit in̂ jact of water shortage on the productivity of related inputs. 
We shall succiMb briefly to the lure of.figures we have confected and 
point out that implied capital costs of flow regulation and waste treat-
ment (at 1964 prices) range between 1,900 million and 1,400 million • 
escudos (roughly $ 600 million to $ 400 million dollars) depending upon 
•vjhether the model, is unrestrained Case. I or Case I restráihed by marginal 
costs with agricultural in residual position. We can point out that even 
with such expenditures, the shortage of water in the seven northern 
provinces of Chile will restrict agriculture, or industry, or both, to 
levels below those projected before talcing, water supplies into a'ccount. 
We can also point out that the difference in required investment between 
conplete control over water resources and a lesser degree of control 
as set by a marginal cost limit is on the order of 500 million escudos 
($150 million), and that the cumulated capital costs of maintaining water 
quality is on the order of 900 million escudos ($ 280 million). 

The possible range of choices in the face of a grovíing shortage of 
both land and water is so great that a few additional comments are in 
order. 
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One accomnodation is to keep all irrigable land under cultivation 
in the hope that each year \7ill be \/et enough for a successful crop. 
The needed increase in productivity will be more difficult to achieve if 
land is brought (or kept) under cultivation with water that is available 
only during relatively wet years, or if water is shared as widely as pos-
sible rather than allocated with greater security to a smaller total area. 
Unless water supplies are reasonably certain, the necessary complementary 
inputs for a doubling of output will not be provided. The mere possession 
of irrigable land vdll not be adequate justification for a claim to water, 
since there will be more irrigable land than water where water will be (is) 
in short supply. 

If Chile is to come as close as possible to meeting its production 
goals, water will have to be rationed in the seven northern provinces in 
accordance with a marginal-product-of-Y;ater criterion. This in̂ lies 
either sensitive administrative controls or separate markets for v/ater 
and land in which paarticipants are impelled to maximize net product. 
Neither of these conditions can now be found. To the degree that institutional 
changes are not adopted, to that degree will the increase in productivity 
probably fall short of what is needed. ITiile we are likely to en̂ jhasizse 
efficiency of water use in an agricultural context, the special problems 
of mining, manufacturing, and steam electric power in the northern pro-
vinces cannot be ignored. As already noted, our projections, en̂ jhasizing 
losses rather than intake as they do, imply a high degree of engineering 
efficiency in non-agricultural uses, and a level of efficiency in agri-
cultux-e comparable to what is projected for California in 1980. The 
question at hand is whether or not the legal-economic framework will 
induce the degree of efficiency that is implied in the projected require-
ments. 



«lí 

XVI - 5 

The "lilcelihoód thát the marginal costs of ?/ater will vary substan-
tially hetv/een water-short and v/ater-sürplus regions of the country, 
granting a widé;margin of error in the specific value's that have been' 
conjputéd, iá a clear signal for' someone to undertake detailed studies- of 
regional economic plans that embrace costs of transportation and prefer-
ences for domicile as î ell as costs of v/ater. Substantial savings of 
capital can be enjoyed by encouraging a greater growth of municipal and 
industrial water use in the southern part of the Central Valley than is 
projected, with a corresponding reduction in the northern part of the 
Central Valley and provinces further to the north. This conclusion is ̂  
especially valid if high level waste treatment and waste dilution flows 
to maintain oxygen content, are determined to be necessary. The desir-
ability of encouraging a different pattern of urban concentration from 
what has been projected will be most intimately related to the question 
of water quality, a topic that has been only casuálly explored up to 
now. ' ' " ' ' • • ̂  ' • • • • 

If it turns out that land capable of being ii'rigated in the Norte 
Grande exists in larger quantity than the implausibly small amounts 
novf shown for Antofagasta and Tarapacl, augmentation of the region's 
water supply by importation or desalination becomes a provocative 
speculation, especially if such lands can be found at relatively low 
elevation where the growing season extends throughout the year' If 
Chilean desert soils are like some desert soils elsewhere, their rich 
endowment of minerals will make them among the most productive of the 
country and may warrant expenditures on water supply that now seem 
absurd. The possibility of a series of transbasin diversions from 
south to north ought not be discarded without serious study in light 
of the rapid advances that have been made in large-scale, earth-moving 
technology. 
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OuS-findings not only suggest yhat are likely to be the trouble 
spots in the more distant future but provide a clue for near term policy 
as well. The deficiency in reliable information and the haphazard 
financial arrangements that have been followed for municipal and irrigation 
water supplies indicate that aggregate welfare has been enhanced only by 
accident, if at all, by public expenditures in water resources. There 
is little doubt that income has been transferred from the public at large 
to the beneficiaries of public water resource projects, except, perhaps, 
in the case of hydroelectric power.̂ ^ \7hile income transfers are neither 
desirable nor undesirable as such, in the case of municipal and irrigation 
water supplies they have not been contemplated by the lav/s under \7hich the 
services have been supplied. 2/ 

In viei(7 of probable increases in the 
marginal costs of Y/ater, the matter of incorñe transfers vfill become more 
pressing. I'iho is going to pay? T.'ill it be the taxpaĵ r, the water 
user, a foreign entity, or some combination? The present system, v/hereby 
payments are only renKstely related to benefits vithin the framework of 
a la\7 that assumes othei«v/ise is apt to yield unsatisfactory i-esults when 
measured against an. economic efficiency criterion. 

It is also likely that public v.'elfare will be best met by a mora-
torium on the construction of nei/ irrigation projects. This suggestion 
1/ No study vms made of ENDESA's operations. % are under the impres-

sion that power consmers pay their way, and that income transfers 
are not significant. 

2/ V/e have no data on the incidence of Chile's tax system. It is 
likely that the system is i-egressive. If so, the effect of the 
income traiosfers has been to make the poor pooi'er and rich richer, 
a result that might even be encountered if the tax system were 
progressive. (See Sistema Tributario Chileno, Oficina de Estu-
dios Tributarios, Santiago, I960, Ch, 5, "Progresividad del Sistema 
Tributario." 
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does not contemplate that the Dirección de Riego go out of business, hut 

only that the agency will need time to assay itself and its policies and 

to bring before the government a progranmie under which the government 

will be reimbursed for projects on the basis of marginal social costs, 
'•ii' 

or at least a programme that v/ill assure constaruction of projects for 

which marginal social benefits will equal marginal social costs. During 

the moratorium progress can also be made in settling such questions as 

the amoiuit of arable land (irrigable and dry) in Chile, establishing present 

and optimum rates of water use, filling in the hydrologic record, completing 

soil surveys in prospective new irrigated areas, accumulating an inventory 

of reservoir sites, developing s3rstem plans that will make maximum use 

of reservoirs, and accumulating the other miscellaneous bits of information 

that have been unavailable up to now. Without a moratorivim until the state 

of information is' improved, costly errors of judgement v/ill be almost 

inevitable. 

A moratorium on hew starts wiir also allow the government to confíete 
projects now under construction, after reassessing the advisability of 

continuation in each case. Plans for rapid expansion of irrigated area are 

wholly unrealistic in viev/ of the record of the past thirty years, in 

which a total of 116,000 hectares were brought under irrigation. At the 

same time it is equally unrealistic to separate the required increase in 

agricultural productivity from the need to improve the regularity of 

water supply. This means that priority should go to projects that serve the 

best land and whose supplies of water are so erratic that farmers have 

been reluctant to malee the necessary complementary investments. A 

moratorium vrould allow time for the necessary determination of priorities 

as well as time to revise the procedures of contracting, cost estimation, 

and repayment--procedures that ?it present fail to meet standards of best 

practice. 
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The urgency \7ith \7Mch output per hectare must be increased can 
hardly be overenrphasized, since no other way of feeding Chile's popu-
lation offers more promise. Present plans of the Chilean government, 
call for the follovdng increases in output per hectare during the 
period 1965-70: 

V 

wheat 
rice 
corn 
grains 
beans 
oil seeds 
sunflô 'fer seeds 
raps 
sugar beets 
potatoes 
vegetables 
garlic 
onions 
fruits 
grapes 
livestock and poultry 
milk 
viool 
total livestock and products 
agriculture, except livestock 

22$ 

20f» 

24^ 
11̂  
11-24/̂  
2% 

0% 

10% 

10-20% 

0% 

10% 

21% 

17-iâ  

1/ Information supplied by Klaus Gerber, National Planning Office, 
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The expected rate of increase in productivity per hectare, averaged 
for the agricultural arid livestock sectors on the basis of the relative 
values of production in 1959-60, is 1¿S for the quinquennium 1965-1970. 
If this rate of improvement is achieved and if it is maintained for each 
of the next three quinquennia, total agricultural and livestock output 
per hectare will groir about 10% during the tv/enty year period 1965-1985, 
leaving a shortage by 1985 of about 25% relative to projected requirements. 
Unless productivity goals are raised we can expect the demand for food 
and fibers to exert pressure on Chile's balance of payments indefinitely 
into the future, with corsresponding adverse effects on the rest of the 
economy.^ 

We had hoped that this study would advance our understanding of the 
role of water resources in economic' development as well as supply an 
evaluation of the existing státe of information in light of v;hat is 
needed if economical (i.e. cost-minimizing—output maximizing) decisions 
regarding vfater-resources are to be made. Several conclusions caii be 
dra?m: (1) MDSt of the "unsuccessful public projects that have been 
built in the past owe their failure to the lack of reliable data on 
flows, soils, land capabilities, and water requirements. (2) The 
govemmént has not undertaken a systematic programme of data collection 
on ground water, water quality, and water use by agriculture, industry, and 
municipalities. (3) During the past fifteen years or so a number of studies 
dealing with Chilean water resources have unanimously identified the same 
deficiencies. 

See appendix. Productivity of Agriculture in Chile, in Coitiparison with 
Selected Countries. 



XVI - 8 

One ought to be aware of the possilale irrelevance of economic analysis 
to policies that actually are adopted. It is clear that Chile's poor 
state of economic health cannot be blamed on lack of water or lack of land 
since both are used now at relatively lov/ levels of efficiency. Moreover, 
without knowing xrhy so little attention has been paid to reports already 
\7ritten, analyses already made, and prescriptions already offered, a limit 
is quickly reached to what can be added to our knowledge of the v;ay in 
which natural resources relate the economic development. It follows, 
therefore, that an understanding of the role of water resources in 
economic development rests upon knowledge of motivation, habits of 
thought, the distribution of economic and political pov/er, and the 
factors inducing or inhibiting their change. 3 / 

An ''economic analysis'' of Chilean v/ater resources is relevant only 
within a context in v/hich the analyst and Chilean policy makers are in 
agreement on the importance of the goal of economic efficiency and the 
constraints within which attainment of the goal will be sought. There 
is no reason to believe in the existence of such consensus and, in fact 
one can cite examples to prove its absence. Irrelevance may explain the 
oblivion to which previous studies were consigned. 

V/ithin the broad context of economic development inefficient use 
of v;ater is not likely to be of greater consequence than Vîaste of land, 
labor, and equipment. Attention to vrnter is merited for other reasons. 
First, most of the development in the future will be dependent upon 
government financing, subject to government budgetary forces rather 
than to the more decentralized controls of private markets.. (This 

1/ The author's interest in pursuing these lines of thought led to Everett H. 
Hagen, On the Theory of Social Change. Dorsey. Hagen's book is required 
reading for anyone interested in economic development. 
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contrast is weakened "by the many controls over private markets exercised 
by the government). Second, the efficient use of water can have an 
inportant catalytic effect on the prlciiy matter of agrarian reform caid 
land ownership. . The public utility characteristics of water-supply 

•a 

provide a device Viiiose legitimate exercise of power oyer private property 
in the public interest is reasonably-well accepted. Third, the limitations 
on activity in̂ osed by the geographic distribution of land and water 
resources reduce the indeterminacy which the regional planner faces in 
accounting for various inter-regional possibilities within the context 
of a given set of national outputs. By pursuing further the question of 
cost constraints and settling the question of v/ater quality, indeter-
minacy might be further reduced. Yüiile technological innovations may 
widen the range of alternative regional distributions of activity at 
some time in the future, the risk of being \7r0ng is no greater than is 
assumed in any other sector of planning. Fourth and last, the scope of 
data that must be acquired and the web of decisions that are intenvoven 
in the process of efficiently developing and using water resources draw 
upon many diverse disciplines of the social and physical sciences and 

w establish their relevance to each other with a Clarity not matched by 
many other undertakings. 
Unfinished Business 

The termination of this study should be the beginning of another. 
There is much unfinished business. Paramount are the inadequacies of 
data that have already been identified. To summarize these inadequacies 
would be tedious. They encompass all aspects of hydrologic, engineering, 
and economic measurements that are relevant to the effective planning 
of water resource use. 
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In addition to the need for systematic acquisition of basic data, 
the most valuable contribution that could be nade to an understanding 
of demand \7ould be a model of the agricultural sector that î vealed the 
crop mix, quantity of output, regional distribution of output, and 
marginal revenue product of water under specified conditions. From 
the point of vietr of supply the most valuable contribution ?iould be a 
schedule of reservoir sites for each basin systematically related to 
increments of control over flow and with infonnation on costs of 
storage and delivery to points of use. Costs of desalinating sea water, 
transbasin movement, and exploitation of ground v/ater as \7ell as costs 
of reducing ?/aste as an alternative to increased regulation ought also 
be developed. It is likely that brackish waters are available in some 
places and that their desalination may be economically feasible in the 
not too distant future. 

The question of water quality has scarcely been touched by Chilean 
authorities but T;Í11 become a matter of urgency in the foreseeable 
future. In the area around Santiago, pollution will be urban in origin. 
Farther north, dormstream flows may become too mineralized for further use 
if irrigation is extended to the limit of water supplies. Under these 
circumstances the requirement for water may have to include vraste dilution 
flows, in which case the relevant model would involve a demand consisting 
of upstream losses plus the greater of waste dilution flows or doTivnstream 
intake. Even urban uses can contribute to the build-up of salinity, and 
the possibility of damage detergents v?ill also be a matter of concern 
as Santiago grows and the level of income increases. Related to the 
unknowns of water quality problems is the fate of coastal and fresh 
water fisheries and the necessary precautions that must be taken to 
preserve the ocean beaches and lakes for recreational uses. Also related 
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to water quality is the question of costs of treatment. Are Chileem costs 
one-half the level of costs in the United States, as we assumed, or ai>e they 
equal to or niore than U.S. costs? 

The reader î ill appreciate that nothing viras said of water rights 
and administrative organization, although no progrannne of vmter resoxirce 
planning could ignore them. Little was said of the problems of benefit/ 
cost analysis and the recovery of governmental expenditures, especially 
in a context of persistent and relatively severe (but not hyper-
inflation). Related to these questions is the matter of niultiple vs. 
single purpose projects and the techniques of analysis, construction, 
and administration that must be adopted in order to be certain that net 
benefits are maximized and costs equitably distributed. 
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Appendix-Table 3 

PULP AND PAFKR, 1985, MEDIUM B 
3 (In thousands of m yearly) 

Percentages ..Intake Loss 
Province Down- üpr Total Total of Down- _ of up- Total 

. stream stream intake ,Loss stream' stream 
Plants Plants 

Tarapaca 
Antofagasta 
Atacama 
Coquimbo 
Aconcagua 
Valparaiso 100 
Santiago 
O'Higglns 
Colchagua 
Curico 
Talca 
Maule 100 
Linares 
ífuble 
Concepción 100 
Arauco .100 
Bi'o-Bío 
Malleco 
Cautín 
Valdivia 100 
Osorno 
Llanquihue 
Chilo^ 
Aysin 
Magallanes 

Total country 

100 

100 

100 

2,300 

2,100 
32,000 

33,900 
32,000 
147,900 

4,400 

207 
17,200 1,548 

189 
2,880 

3,051 
2,880 
13,311 

396 

2,300 

32,000 

33,900 
32,000 

4,400 

1,548 

189 

13,311 

2,300 
1,548 

189 
32,000 

33,900 
32,000 
13,311 

4,400 

271,800 24,462 104,600 15,048 119,648 
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Appendix - Table 4 

CHEMICALS, 1985, MEDIUM B 
3 (In thousands of m yearly) 

Percentages Intake Loss 
Province Down- l)p-. Total Total of Down- of up- Total 

stream stream intake Less stream stream 
Plants Plants 

Tarapaca 
A u C o f a g a s t a 
Atacama 
Coquí.Tiíbo 
Aconcaí̂ ua 
Valpí̂ raíso 
Santiago 
O'Higgins 
Colchagua 
Curi CO 
Talca 
•Maule 
Linares 
tub le 
Concepción 
Árauco 
BÍo-BÍo 
fíalleco 
Jan tin 
Valdivia 
Osorno 
Llanquihue 
Chiloé 
Aj'sen 
Magallanes 
Total country 

100 
100 

2, 700 
10,800 

iS9 
755 

2,700 
10,800 

2,700 
10,800 

100 2,700 189 2,700 2,700 
100 

100 
100 

21,600 
85,200 
1,400 

1,512 
5,964 

98 

21,600 
5,964 

98 

21,600 
5,964 

98 

100 2,700 189 189 189 

100 6,800 476 6,800 6,800 

133,900 9,373 44,600 6,251 50,851 
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Appendix - Xabl® 5 

PETROLEUM REFINING, 1985;'MEniUM B 
3 (In thousands of m yearly) , . 

PercentaKés '' 
Total 

Intake Loss 
Province Doím- üp-yy Total Total of down- of up- Total 

stream 'stream i'ñtáke loss stream stream 
— _ . . . .. . Plants Plants 

Tarapacá 
Antofagasta 
Atacama 
Coquiubo 
Aconcagua 
Valparaiso 
Santiago 
O'Higgins 
Colchagua 
CuriCO 
Talca 
Maule 
Linares 
iJuble 
Concepción 
Arauco 
Bío-Bíá 
Malleco 
Cautín 
Valdivia 
Osorno 
Llanquihue 
Chilo^ 
Aysén 
Magallanes 

100 
100 

100 

104,700 
125,700 

4,188 
5,028 

83,800 3,352 

107,400 

83,800 

5,028 
107,400 
5,028 

83,800 

Total country 314,200 12,568 191,200 5,028 196,228 
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Appendix - Table 6 

PETROCHEMICALS, 1985, MEDIUM B 
3 (Jn thousands m yearly) 

Province Down-
stream 

Up-
stream 

Total 
Intake 

Total 
loss 

Intake 
of down-
stream 
Plants 

Loss 
of up-
stream 
Plants 

Total 

Tarapac4i 
Antofagasta 
Atacama 
Coquimbo 
Aconcagua 
Valparaiso 100 
Santiago 
O'Higgins 
Colchagua 
Curicá 
Talca 
Maule 
Linares 
iíuble 
Concepción 100 
Arauco 
Bío-Bío 
Malleco 
Cautín 
Valdivia 
Osorno 
Llanquihue 
•Chiloé 
Aysén 

Magallanes 100 
Total country 

39,400 788 

105,100 2,102 

33,400 668 

177,900 3,558 

39,400 

105,100 

33,400 

177,900 

39,400 

105,100 

33,400 

177,900 



Appendix - 7 ' 

Appendix - Table 7 

STEEL, 1985, MEDIUM B 

(In thousands of m^ yearly) 

Province 
Percentsees 

Down-
stream 

Up-
stream 

Total 
intake 

Total 
loss 

Intake 
of down-. 
stream 
Plants 

Loss 
of up-
stream 
Plants 

Total 

Tarapacá 
Antofagasta 
Atacatna 
Coquimbo 
Aconcagua 
Valparaiso 
Santiago 
O'Hlggins 
Colchagua 
Curicá 
Talca 
Maule 
Linares 
Sub le 
Concepcifín 
Arauco 
Bío-Bío 
Malleco 
Cautín 
Valdivia 
Osorno 
Llanquihue 
Chilol 
Ays¿n 
Magallanes 

100 10,100 303 

100 

303 303 

191,400 5,742 191,400 191,400 

Total country 201,500 6,045 191,400 ,303, 191,703 
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Appendix - Table 8 

ALL OTHER INDUSTRIES, 1985, MEDIUM B 
3 (In thousands of m yearly) 

Province 
Percentages 

Down- Up-
stream stream 

Total 
intake 

Total 
loss 

Intake 
of down-
stream 
Plants 

Loss 
of up-
s tream 
Plants 

Total 

Tarapacá 
Antofagasta 
Atacama 
Coquimbo 100 1,800 126 1,800 1,800 
Aconcagua * 100 1,800 126 126 126 
Valparaiso 100 30,500 2,135 30,500 30,500 
Santiago 100 114,900 8,043 8,043 8,043 
Colchagua 100 1,800 126 126 126 
Curic¿ 
Talca 100 1,800 126 126 126 
Maule 
Linares 
íluble 
Concepción 100 19,700 1,379 19,700 19,700 
Arauco 
Bío-Bío 
Malleco 
Cautín 100 1,800 126 126 126 
Valdivia 100 3,600 252 3,600 3,600 
Osorno 
Llanquihue 
Chilol 
Aysia 
Magallanes 

Total country 177^700 12,439 55,600 8,547 64,147 
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Appendix - Table 10 

MANUFACTURING - LOSS II - 1985, MEDIUM B 
3 (In thousands of m yearly) 

Food 
and 

Province bever-
age 

Pulp 
and 

inorg-
anic 
chemi-
cals 

Petrol-
eum 
refin-
ing 

Petro-
cheta-
als 

All 
Steel others Total 

Tarapaca 36 

Antofagasta 36 

Atacsma 

Coquimbo 72 

Aconcagua-
Valparaíso 852 

Santiago 

O'Higgins-
Colchagua 

Curico-
Linares 

©able 
Concepción-
Cautín 
Valdivia-
Llanquihue 

Chilo¿ 

Ay sen 

Magallanes 

Total 

1,278 

216 

216 

36 

420 

360 

36 

3,558 

207 
1,548 

396 

189 
756 

189 

1,512 

5,964 

98 

3,069 189 

4,188 

5,028 

788 

126 

225 

792 

387 

2,261 9,808 

303 8,043 22,164 

126 440 

126 3,600 

36 

19,242 476 3,352 2,102 5,742 1,505 32,839 

252 1,008 

668 704 

24,462 9,373 12,568 3,558 6,045 12,439 72,003 
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Appendix - Table 11 
INDUSTRIAL P.E.'s PRODUCED a/ 

Province Food 
Pulp 
and 
paper 

Chemicals 
Petroleum 

; Refining Total 

Tarapacá .012 - • .011 .023 
Antofagasta .012 - . .043 - .055 
Atacama - - - -
Coquimbo .024 - .Oil - .035 
Aconcagua .024 - - .024 
Valparaiso .260 .015 .244 .088. .607 
Santiago .426 .114 .341 .052 .933 
O'Higgins .060 - .006 - .066 
Colchagua .012 - - - . ,012 
Curico .012 - - - .012 
Talca .048 ,014 .011 .073 
Maule - .211 - - ,211 
Linares .012 . - - - .012 
iíuble .012 - - - ,012 
Concepci<ín .070 .224 .44S .035 . 777 
Arauco, ' - .211 - - .211 
Bío-Bío .024 .976 - - 1.000 
Malleco .022 - . .022 
Cautín .024 - - - - .024 
Valdivia .048 .029 - .077 
Osorno .048 • - - .048 
Llanquihue ,024 - - - .024 
Chilo¿ - - ' ' - . : 
Ays en - - - -

^gal lanes .012 - .134 - .146 
Total country- 1.186 1,794 1.249 .175 4.404 

a/ P.E. = Population equivalent in Millions. 
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Appendix - Table 12 

P.E.'s DISCHARGED UPSTREAM AND DOWNSTREAM, 1985 

Industrial Municipal Dlscharn;e 

Province Food 
upstream 
All 
others 

Total 
downstream upstreaai downstream 

Tarapaca .001 .001 .022 ,027 .200 
Antofagasta .005 .005 .050 .187 .258 
Atacacia .159 .026 
Coquimbo .012 .012 .023 .174 .174 
Aconcagua .023 .023 .001 .121 .052 
Valparaiso .078 .078 .529 .316 .736 
Santiago .417 .507 .924 .009 4.814 .098 
O'Higgins .060 .006 .066 .293 
Colchagua .012 .012 .104 .003 
Guricó .012 .012 .097 .001 
Talca .048 .025 ,073 .195 
Maule .211 .046 .020 
Linares .012 .012 .130 
ítuble .012 .012 .236 .002 
Concepción .004 .004 .773 .059 .917 
Arauco .211 .040 .025 
Bío-Bío .024 .976 1.000 . 141 
Kalleco .022 .022 .152 
Cautín .024 .024 .276 .006 
Valdivia .020 .020 .057 .105 .145 
Osorno .048 .048 .141 
Llanquihus .007 .007 .017 .049 .114 
Chilcé .007 .037 
Ays¿n .043 
Magallanes .145 .119 
Total country .841 1.514 2.355 2.049 7.869 2.977 
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Appendix - Table 13 
INDUSTRIAL F/ASTE t)ltUTION, 198?, MEDIUM A, 4 mg/l of D.O. 

o (In millions of M'' yearly) 

5 Treatment level 
0 35 . 70 90 

Tarapacá 3.2 2,1 ,1.0 .4 
Antofagasta 9.5 ,6.2 2.9 1.1 
Atacama - - -
Coquimbo 28.6 lS.7 8.6 3.4 
Aconcagua-Valparaiso 241.6 157.6 72.4 28.8 
Santiago 1,996.5 1,302.0 598.3 233.4 
O'Higgins-Colchagua 181.2 118.2 54.3 21.6 
Curico-Linares 216.1 141.0,. 64.8 25.8 
fiuble 31.8 20.7 ' 9.5 3.8 
Concepción-Cautín 2,533.8 1,652.3 759.3 302.5 
Valdivia-Llanquihue 178.0 116.1 53.4 21.3 
Total of above 

provinces 5,420.5 3,534.8 - 1,624.4 647.2 
ChiloS 
Aysén 
Magallanes 
Total 5,420.5 3,534.8 : 1,624.4 647.2 
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•sj-iTv IvDOtOCJsOvDOssO I H Cnr̂ f̂ Ĉ CMCniCNCM -d- r-l nT !> sO CM 
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H O ir\ -«t 
to iH 

pi ̂  
CV vO ITS IT* O CM 

H CM •v "s £> O CO H 

o o to 
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Appendix - Table 18 
TABAPACÁ; COSTS OF FLOW 

Net Cumulative Cumulative Annual Marginal 
Storage rninimuin capital costs annual costs marginal costs in 
(miillon flow of storage of storage cost per $/Acre ft. 
MO (million (£0 1,000)* (EO 1) million M3/yr. of mini-

M3/year) of minimum flow muta flow M3/year) 
1) 

- a.o .5 46.0 100 8,170 1,634 0.63 1.0 50.9 200 16,340 1,634 0.63 2.0 55.8 400 32,680 3,333 1.28 5.0 63.5 1,000 81,700 6,366 2.43 8.0 67.2 1,600 130,720 13,249 5.10 10.0 69.5 2,000 163,400 14,209 5.47 15.0 72.5 3,000 245,100 27,233 10.05 
20.0 75.0 4,000 326,800 32,680 12.96 
25.0 77.0 5,000 408,500 40,850 

54,466 
15.75 30.0 78.5 6,000 490,200 

40,850 
54,466 20.93 35.0 79.5 7,000 571,900 81,700 31.49 40.0 80.4 8,000 653,600 90,778 35.00 44.7 81.2 8,940 730,400 96,000 37.00 

* Escudo values ai-e in 1964 prices in Tables 18-28. 
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Appendix - Table 19 
ANTOFAGASTA: COSTS OF ÍLOW 

- Net Cumulative Cumulative Annual mar-
minimum ̂  capital costs annual costs "ginal c;os.ts 

Storage tlm of storage of storage per million 
(million 
M^) 

(million (E° 1,000) 1) M /year of (million 
M^) M3/year) minimum flow 

(E» 1) 

81.0 
2 91.S 400, 32,680 ̂  3,026 

95 ;0 .. 600 49,020 5,106 
4 97.3 • 800 65,360 7,104 
5 96.9 1,000 81,700 10,213 
6 100.9 1,200 98,040 : 16,340 
7 101.7 1,400 114,380 20,425 
e , 102.5 1,600 130,720 20,425 
e.B 103.1 1,760 145,792 21,787 
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Appendix - lable 20 
ATACAI'/A; COSTS OF PLOW 

Net Cumulative Cumulative Annual mar-
Storage minimum capital costs aimual costs ginal costs 
(million 
M^) 

flov/ of storage of storage p̂ r million (million 
M^) (million (E° 1) (EO 1) M /year of 
(million 
M^) M3/year) minimum flow 

(E° 1) 

-0 81.3 0 0 0 
190 177.6 19,000 1,552,300 16,119 
280 191.4 32,500 2,655,250 79,924 
320 197.2 40,500 3,308,850 112,690 
3̂ 0 199.6 44,500 3,635,650 136,167 
360 201.0 48,500 3,962,450 233>429 
370 201.2 50,500 4,125,850 817,000 
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Appendix - Table 21 

COQUBffiO: COSTS OF FLOW . 

Net Cumulative . Cumulative Annual mar-
Storage minimiam capital costs annual costs ginal costs 
(million ,flO¥7 of storage of storage per million (million 

(million 1,000) • 1) M /year of (million 

M3/y3ar) minimum flow M3/y3ar) 

I 

(E^ 1) 

- 199.0 
770 665.0 

1,270 741.6 
1,570 767.6 
1,770 783.6 
1,920 791.3 
2,020 795.8 
2,110 797.8 
2,190 797.8 
2,270 797.8 
2,310 797.8 
2,350 797.8 
2,390 797.8 
2,430 797.8 
2,470 797.8 
2,490 797.8 
2,500 797.8 
2, 510 797.8 
2,520 797.8 

38,500 
63,500 
87,500 
103,500 
118,500 
128,500 
142,000 

3,145,450 
5,187,950 
7,148,750 
8,455,950 
9,681,450 
10,498,450 
11,601,400 

6,838 
26,664 
70,028 
81,700 
169,766 
181,556 
551,475 
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Appendix ---Talóle 22 
ACONCAGUA-VALPAMÍSO: COSTS OF FLOW 

Net Ciimulative Cumulative Annual mar- ,, 
Storage minimum capital costs annual costs ginal costs 
(million flow of storage of storage per million 

M /year of 
minimum flow 
ÍE® 1) 

(million 
(million 
M3/year) 

(E° 1,000) (£0 1) 
per million 
M /year of 
minimum flow 
ÍE® 1) 

373.0 
780 1,057.7 39,000 3,186,300 4,654 

1,280 
1,580 

1,133.4 64,000 5,228,800 
7,189,600 

16,249 1,280 
1,580 1,226.4 88,000 

5,228,800 
7,189,600 45,600 

1,780 1,248.4 104,000 8,496,800 59,418 
1,940 1,265.4 120,000 9,804,000 76,894 
2,040 1,275.4 130,000 10,621,000 81,700 
2,130 1,282.4 143,500 11,723,950 157,564 2,220 1,288.4 157,000 12,826,900 183,825 
2,300 1,293.1 169,000 13,807,300 208,596 
2,340 
2,380 1,295.4 177,000 14,460,900 284,174 2,340 
2,380 1,297.7 185,000 15,114,500 

15,768,100 
284,174 

2,420 1,300.0 193,000 
15,114,500 
15,768,100 284,174 2,460 1,302.3 201,000 16,421,700 284,174 2,500 1,304.6 209,000 17,075,300 284,174 2,550 1,306.3 219,000 17,892,300 480,588 
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Appendix - Table 23 

SAMTIAGO: COSTS CF FLOW 

Storage 
(million 

1,000 
1,800 
2,370 
2,710 
2,880 
3,050 
3,140 
3,220 
3,260 
3,300 
3,340 
3,380 
3,385 

Net 
miniimim 

flow 
(million 
M3/year) 

1,222.0 
2.541.4 
2,908.'5 
3.037.2 
3,118.6 
3.150.1 
3,181.6 
3,205.6 
3.220.3 
3,227.6 
3,234.9 
3.242.2 
3.249.5 
3,250.2 

Cumulative 
capital 
costs of 
storage 
(eO 1,000) 

50,000 
90,000 
118,500 
145,700 
162,700 
179,700 
193,200 
205,200 
213,200 
221,200 
229,200 
237,200 
238,200 

Cumulative' 
annual cost;, 
of storage 
(eO 1) 

4,085,000 
7,353,000 
9,681,450 
11,903,690 
13,292,590 
14,681,490 
15,784,440 
16,764,840 
17,418,440 
18,072,040 
18,725,640 
19,379,240 
19,460,940 

Annual mar-
ginal costs 
per million 
M /year of . 
minimum flow 
(Ê  1) 

3,091 
8,902 
18,092 
27,300 
44,092 
44,092 
45,956 
66,694 
89,534 
89,534 
89,534 
<59,534 

1 .6,714 



Appendix - 24 

Appendix - Table 24 
O'HIGGINS-COLCHAGUA: COSTS OF FLOW 

Net Cumulative Cumulative Annual mar-
Storage ndnimum capital annual costs ginal costs 
(million 
M^) 

.•• flow costs of of storage p|r million (million 
M^) (million storage (EO 1) M /year of 
(million 
M^) 

M3/year) (E° 1,000) minimum flow 
(E° 1) 

1,604.0 
3,320 5,914.6 166,000 13,562,200 3,144 
4,320 6,288.9 216,000 17,647,200 10,914 
4,940 6,466,6 265,600 21,699, 520 22,804 
5; 260 6,552.2 297,600 24,31.3,920 30,542 

6,628.7 . 527,600 • 26,764,920 32,039 
5,870 , • 6,700.1 374,100 30,563,970 53,208 
6,070 . 6,748.1 414,100 33,831,970 68,083 
6,175: 6,771.8 435,100 35,547,670 72,392 . 
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in A.ppendix - Table 25 

CURICO LINARES: COSTS OF FLOW 

Storage „ 
(million M^) 

Net mini-
mum fto? 
(million 
MVyear) 

Cumulative 
capital 
costs of 
storage 

(E° 1^000) 

Cumulative 
annual costs 
of storage 

1,000) 

Annual marginal, 
costs per mil-
lion MVyear of 
minimum flovi 

(E° 1) 

3,264 
15,000 18,300 750,000 61,275,000 4,075 
2^,600 21,008 1,230,000 100,491,000 14,482 
26,600 21,552 1,390,000 113,563,000 24,029 
28,600 21,996 1,550,000 126,635,000 38,000 
29,600 22,168 1,630,000 133,171,000 38,000 
30,400 22,290 1,710,000 139,707,000 53,574 
31,200 22,412 1,790,000 146,243,000 53,574 
31,700 22,478.7 1,865,000 152,370,500 91,867 
32,200 22,515.4 1,940,000 158,498,000 166,962 
32,400 22,526.1 1,980,000 161,766,000 305,421 
32,600 22,536.8 2,020,000 165,034,000 305,421 
32,800 22,537.5 2,060,000 168,302,000 4,668,571 
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Appendix - Table 26 
ĴBLE: COSTS OF FLOW 

Storage 
(million M^) 

Net iDini-
muin flow 
(million . . 
MVyear) 

Cuimilative 
capital costs. 
of storage 
(E° 1,000) 

Cummulative 
annual costs 
of storage 
(EO 1) 

Annual marginal 
costs per mil-
lion WF/year 
of minimum 
flow 1) 

1,009.0 
5,000 5,374.3 250,000 20,425,000 4,679 
8,400 6,101.0 420,000 34,314,000 19,112 
9,100 6,224.2 476,000 38,889,200 37,136 
9,600 6,312.2 - 516,000 42,157,200 37,136 
10,100 6,400.2 556,000 45,425,200 37,136 
10,400 6,441.2 586,000 47,876,200 59,780 
10,700 6,467.2. 616,000. 50,327,200 94,269 10,900 6,489.2 646,000 52,778,200 111,409 
11,000 6,500.2 661,000 54,003,700 111,409 11,100 5,511,2 681,000 55,637,700 148,545 
11,200 6,520.2 701,000 57,271,700 181,556 
11,250 6,524.2 711,000 58,088,700 204,250 
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Appendix - Table 27 
CONCEPCltíN-CAUTÍN: COSTS OF FLOW 

Storage „ 
(million M-̂ ) 

Net mini - ' 
niiim flovi 
(million 
MVyear) 

Cumulative 
capital costs 
(E° 1,000) 

Cumulative 
annual costs 
of storage 
(E° 1) 

Annual marginal 
costs per 

million M^year 
of minimum flow-

(E® 1) 

10,940.0 
10,000 36,857.1 500,000 40,850,000 1,575 
20,000 46,414.2 1,000,000 81,700,000 4,274 
30,000 53,071.3 1,500,000 122,550,000 6,136 
34,000 55,314.2 1,700,000 138,890,000 7,285 
36,800 56,958.2 1,924,000 157,190,800 11,132 
38,800 57,818.2 2,084,000 170,261,800 15,200 
40,800 58,678.2 2,244,000 183,334,800 15,200 
42,100 59,345.7 2,374,000 193,955,800 , 15,912 
43,100 59,820.7 2,474,000 202,125,800 17,200 
43,600 60,104.0 2,549,000 208,253,300 21,629 
44,100 60,287.3 2,624,000 214,380,800 33,429 
44,500 60,423.9 2,684,000 219,282,800 35,886 
44,800 60,543.9 2,744,000 224,184,800 40,850 
45,100 60,653.9 2,804,000 229,036,800 44,563 
45,361 60,732.2 2,856,200 233,351,540 54,467 

'é 
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Appendix - Table 28 
VAXDIVIA-LIANQUIHUE; COST OF FLOW 

Net mini- Cumulative Cuimilative Annual marginal 
Storage' mvffii flow capital annual costs costs per-million 
(million M3) (million cost of of storage M3/year of mini-

M3/year') storage (EO 1) mum flov; 
(EO 1,000) 1) 

22,088.0 
10,900 49,075.4 545,000 44,526,500 1,650 20,900 58,761.1 1,045,000 85,376,500 4,218 
30,900 65,546.8 1,545,000 126,226,500 6,020 
34,100 67,395.6 1,801,000 147,141,700 11,313 37,100 68,847.6 2,041,000 166,749,700 13,504 
38,200 69,425.6 2,151,000 • 175.736,700 15,548 39,200 69,805.6 2,251,000 183,906,700 17,021 39,800 70,089.6 2,341,000 191,259,700 25,891 40,400 70,323.6 2,431,000 198.612,700 31,423 40,900 70,510.3 2,531,000 206,782,700 43,760 41,228 70,615.5 2,596,600 212,142,220 50,946 
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CM 

O ir\ 

-4" <M 
H H 

cfl ru txo cd 
^ • o oj 

•"1 iH 0) •ct) o fH p CD cd 0 P CO *H 
3 f-í •H 1 

co tlO-O ba o •H -H . . 
O ü 

p -tí tt) Cli CU ̂  bocr; p •H 
^ Cü 
•H d S <D O O 
t VW T I 

t? I ft P. P I g ^ ° y cd -a (u 
p í̂  o o 0) «H I "-S o if fn íf & 
H 0 Cr¡ O 

cd p o H 
o ¡S 



Appendix 30 

§ 
RO O O O O O O O O O Q CN o CM 1> OD -sf- \0 iTv Ô  
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UN JN Ô  ro VJD o cv Ĉ  H vD f̂  H O to O to tü o o «x CNJ o C\J ĉ  H CO H OA 
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Appendix - Table 33 
ATACAMÍ: SJ/IALLEST RESERVOIRS FIRST 

1964) 

á) Annual Iferginal 

Storage 
Met 

mirdmum 
fluw 

Mil. M3 
per year 

Cvimula-
tive 
capital 
costs 
E° 1,000 

Cumula-
tive 
annual 
costs 

1) 

costs per mil-
lion M3/year 
of net minimum 

flow 
(E° 1) 

88.0 
10 116.2 2,000 163,400 5,794 30 131.6 6,000 490,200 21,221 
50 139,0 10,000 817,000 44,162 
90 152.8 18,000 1,470,600 47,362 
180 173.6 31,500 2,573,550 53,026 

. 370 201.2 50,500 4,125,850 56,243 
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Appendix ~ Table 34 
SANTIAGO: SI/MXEST TiESERVOIRS FIRST 

Annual marginal 
Net Cumula- Cumula- costs per mil-

minimum tive tive lion M3/year of 
Storage flovr capital annual net miniiaum flow 

(m. M3 costs COSt-i (EO 1) 
per year) E° 1,000 (Ê  1) 

1,340.3 
5 1,419.7 1,000, . 81,700 1,029 45 1,537.0 9,000 . 735,300 5,572 
85 1,604.3 17,000 1,388,900 9,712 
125 1,671.6 25,000 2,042,500 9,712 
165 1,733.9 33,000 2,696,100 10,491 245 1,853.6 45,000 3,676,500 8,190 
335 1,977.6 58,500 4,779,450 8,895 
505 2,169.1 75,500 6,168,350 7,253 675 2,330.6 92,500 7,557,250 8,600 

1,015 2,587.0 119,700 9.779,490 8,667 1, 585 2,780.7 148,200 12,107,940 12,021 2,385 3,007,8 188,200 15,375,940 14,390 3,385 3,250.2 233,200 19,460,940 16,852 
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PRODUCTIVITY OF AaRlCULTURE IN CHILE IM aOiiPARISON 

¿ WITH SELECTED COUNTRIESi/ 

We have concluded that vfithout an increase in productivity per hectare 
amounting to about 2.2 times present output Chile cannot meet its output 
goals in 1985. Is such an increase in productivity credible? A satis-
factory answer to this question ultimately rests upon experimental activity 
carried cut on the land. In the absence of information so derived we 
rely on inference from comparisons with yields and history of yields in 
several other countries. These comparisons suffer several reaknesses. 
They do not distinguish betvyeen irrigated and dry land and they do not 
account for qualitative differences in the product. Furthermore, because 
of deficiencies in information, such as absence of information on land 
dedicated to fruit, the comparisorxs themselves display serious gaps. 

Overall "productivity of land" comparisons bety/een tv;o countries are 
a reflection of differences in physical output per unit of land and crop 
mix. \7here the coii5>arisons involve crop mix, the Chilean distribution • 

Mi 

of hectareage among crops (excluding, because of lack of information, 
natural pasture, artificial pasture, vegetables and fruits) was used. 
Productivity in value terms reflects prices. Comparisons virere made using 
Chilean prices and European prices as weights. The differences between 
the results of the two sets of prices turned out to be negligible. 

An estimate of arable land-̂  per capita for Chile and selected other 
co'ontries is given in Appendix Table 35. Chile's arable land endowment 

1/ Based on a study made by Îfeinuel Agosin. 
2/ See FAO Production Yearbook. 1963> Rome, p. 406 for definition of 

arable land. The amount shara in the Yearbook for Chile is 5,514̂ 000 
hectares. We have used for Chile the figure given by the Instituto 
de Investigaciones de Recursos Naturales, based upon the air photo-
grametric survey. The FAO figure yields .70 hectares per capita 
for Chile. 
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per capita is roughly coEiparable to Denmarlc's (a little less, based on 
the air photograiametric survey; a little more if based on the figure 
reported to FAO). It is substantially below the amounts indicated for 
Argentina, Brazil, or the United States. Chile's future agricultural 
policies T/ill presumably be directed tovmrd an intensive technique of land 
use,, comparable to European countries, rather than to an extensive tech-
nique such as is found in countries where per capita land resources are 
notably higher. 

V/e compared output per hectare among Chile, Derjuarlc, France, and Italy 
in order to gain some appreciation of conceivable levels of outputs that 
Chile could attain, on the asoun5)tion that differences in land quality 
and climate did not introduce, significant errors to the relevance of the 
comparisons. .Denmark represents a relatively cool and humid region, 
comparable to the southern part of Chile's Central Valley, and Finance and 
Italy represent regions of Iifediterrajiean climate conparable to the 
northern part of the Central Valley. 

The results for eighteen crops for ¥/hioh productivity measures could 
be computed are given in Appendix Tables 36 and 37. In order to eliminate 
some of the vagaries associated lirith annual variations in vreather, 
estimates v;ere made of average output and best and worst yields experienced 
by each of the four countries. Chile's average output per hectare is 
below that of Denmark for every crop except onions, it is below that of 
France for every crop except onions, linseed, and tobacco, and below that 
of Italy for every crop except barley, potatoes, onions, dry beans, 
linseed, and tobacco. The picture,is not materially altered when v̂e 
make the con̂ jarisons on the basis of best yields or v/orst yields. 
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eV 
Appendix Table - 35 

ARABLE lAND PER CAPITA IN SELECTED COUNTP.IES (1962) 

Country 
Arable Land 
(1,000 has.) 

Population 
(thousands) 

Arable Land 
(Has. per Cap 

Chile 4,893 8,001 .61 

Belgium 1,695 9,221 .18 

Denmark 3,141 4,654 .67 

Germany 14, 179 56,947 .25 

France 34,522 46,998 .73 

Italy 20,652 50,170 .41 

Greece 8,902 8,451 1.05 
Spain 35,091 30,817 1.14 
European average 243,000 432,500 .56 
Argentina 143,151 21,418 6.68 
Brazil 126,728 75,271 1.68 

Japan 7,020 94,930 .07 

U.S.A. 441,366 186,591 2,37 

Instituto de Investigaciones de Recursos Naturales, Proyecto 
Aerofotogrametrico^ Chlle/OEA/Bid. 

Source; FAO, 1963, Production Yearbook, Rome, 1964, 
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Appendix Table - 36 

AVERAGE YIELDS OF SELECTED CROPS, 1948/49-1952/53 "to 1962/63 
(100 Kgs. per hectare) 

- Chi:,e DenKis.rk France Italy 

\71ieat 13.3 39,4 23.5 17.9 
Rye 8.7 26.4 12.7 14.5 
Barley 16.4 35.6 23.8 12.1 
Oats 11,0 32.9 18.0 12.6 
Com 18.9 - 25.4 27.6 
Rice 27,2 - 39.3 51.2 
Sugar Beets 308.0 337.0 315.0 310.0 
Potatoes 91.0 189.0 152 oO 89.0 
Onions 269.0 203.0 157,0 133.0 
Dry Beans 9.3 - 9.5 4.0 
Dry Peas 6.5 - 18.4 6.9 
Chick Peas -.4.9 - - 5.5 
Lentils 5.8 - 7.7 6.0 
Grapes 49.0 - 57.0 51.0 
Linseed . 7.4 10.0 6.0 6.8 
Rapeseed • • 10.9 17.0 14.2 12.0 
Sunflower Seed 13.3 - 14.5 14.0 
Tobacco 22.4 - 19.1 13.8 

Source: FAG, Production Yearbooks. 
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i) Appendix Table - 37 

•h 

BEST AND WORST YIELDS (1948/49-1952/53 to 1962/63) 
(lOO Kgs. per hectare) 

East Yields Worst Yields' 
Crops Chile Dejimark France Italy Chile Derimark France Italy 

meat 15.6 42.7 30.7 20.9 11.9 34.4 18.3 15.2 
Rye 10.3 29.4 14.6 16.6 6.3 23.7 11.4 12.7 
Barley 18.6 39.8 28.1 13.6 11.7 31.1 16.1 10.3 
Oats 12,9 37.1 20.2 14.5 8,7 27.8 14.4 10.5 
Corn 21.4 34.0 32.9 13.8 - 13.8 18.4 
Rice 31.1 - 48.3 56.8 20.0 - 26.7 47.4 
Sugar Beets 329.0 410.0 445.0 387.0 192.0 270.0 198.0 273.0 
Potatoes 107,0 223.0 175.0 104,0 84.0 153.0 125.0 70.0 
Onions 323.0 261.0 179.0 172.0 248.0 101.0 136.0 84.0 
Dry Beans 10.6 - 10.3 5.1 6.8 - 7.5 2.9 
Dry Peas 7.9 - 24.3 8.2 4.7 - 15.2 5.4 
Chick Peas 5.8 - mi 5.9 3.8 - - 4.8 
Lentils 7.3 - 10.4 6.8 4.4 - 5.5 4.7 
Grapes 53.0 - 81.0 62.0 46.0 - 35,0 39.0 
Linseed 8.2 10.7 9.4 8.4 6.1 10.0 3.3 5.6 
Rapeseed 12.4 24.-5 , 17.8 . 15.1 _ 9.6 8.5 11.6 9.5 
Sunflovrer Seed 15.9 - 17.2 19.4 10.2 - 10.6 12,8 
Tobacco 24.6 - 21.5 15.6 19.7 - 15.7 5.4 

é Source: FAO, Production Yearbooks. 



Appendix - 40 ' 

One possible explanation of tha differences in ̂ elds could be the 

differences in market prices among the respective countries, on the ground 

that unduly lov/ prices"in.Chile, (alleged by some to be the case) might 

have discouraged the expenditure of funds on fertilizer and other inputs. 

We have no data on the relative cost among countries of various output-

increasing outlays, but have made a comparison of.1962 product prices as 

reported for the four countries. In 1962 the estimated purchasing power 

parity was one escudo for $1.00. The figures in Appendix Table 33 indicate 

that for every product except onions, tpbacco and wheat,Chilean prices vrere 

higher than the prices in Denmark, Prance and Italy. 

A set of prices, v;hen v/eighted by heetareage in Chile devoted to 

the various crops and multiplied by the yields of the respective countries, 

indicates average value productivities per hectare for a uniform set of 

prices and crop mixes. These comparisons are shorn in Appendix Table 39. 

The crops that are common to Chile and perimark are not the same as for 

the comparisons between Chile and France and Chile and Italy, since data 

on prices and land use vrere not unlfoxroly available in all countries for 

all crops. The net results of including crop mix and prices in the 

measure of land productivity indicates that output per hectare in Denmark 

is about 2 1/2 times that of Chile, in France 1 1/2 times, and in Italy 

1.1 times. Use of European rather than Chilean prices made virtually 

no difference in the comparisons. Productivity based upon a relatively 

large sample using Chilean prices ss weights, revea3.ed little difference 

from the results obtained from the smaller groups of products for which 

price data in each country existed. 
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SELECTED AGRICULTURAL PRICES 

1962 Prices per 100 kgs. 

Crops 
Chilei/ 
(E°1962) 

Deiiinark 
{US$1962) 

France 
'(US$1962) 

Italy 
(US$1962) 

Wneat 
Rye 
Barley 
Oats 
Corn 
Rice 
Sugar Beets 
Potatoes 
Onions 
Dry Beans 
Dry Peas 
Chick Peas 
Lentils 
Grapes 
'Lins'eed -
Rapeseed 
Sunflower seed 
Tobacco 

9.01 
8,10 
8.46 
8.04 
9.98 
9.74 
1.69 
8.75 
4.86 
22.61 
12,91 
17.78 
27.63,/ 
16.55-?/ 
18.73 
14.40 
14.01 
26.09 

7.1̂ / 
8.0 
6.6 
6.7 

1.5 
6.1 y 

y 

10.2 
7.2 
7.8 

LV 
V 
1.5 
5.2 
9.8, , 
17. 
y 
y 
12,3 
y -y 

10.9 y 
6.3 y 
7.0 
9.8 
1.5 
6.3 
6.4 
17.4 
^ 

y y 
12.3̂ / y 61.0 

Source; FAO, Production Yearbooks, Rome. 

Xf From 'Sinopsis de la Agricul.tui'a diilejíE, 1961-1963", Ministerio de 
Agricultura, Santiago, August 1964. 

2/ "All Fruits" price; price of grapes not available. 

y Not available. 

4/ European port price. 
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PRODUCTIVITY PER HECTARE IN CHILE, DENiJUlK, FRANCE AND ITALY 

(Based on average yields) 

Chile 

Denmark 

•Reduced Samples 

In Chilean Prices 
Index 

In Foreign Prices 
Index 

Large Sarapies 

In Chilean Prices 

£^1962 (Chile=100) i;S$1962 (Chile=100) EOl962 (Chile=100) 

171,5 

433.1 

100 

253 

131.5 

333.3 

100 

• 253 

176.0 

433.8 

100 
246 

Chile 

France 

179.2 
2S1.5 

100 
157 

163.9 

255.6 

100 

156 

220.9 

322.4 

100 

146 

Chile 

Italy 

191.7 

215.9 

100 
113 

187.3 

217.2 

100 

116 
220.0 

243.0 

100 

110 
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Additional information leading to the inference that Chilean agri-

cultural productivity is capalsle of substantial iinprovement is given in 

Appendix Table 40, Average annual gro\rth rates in productivity par 

hectare were estimated for the period 1952/53 to 1962/63 for Denmark, 

France, Italy, United States, Japan, and Chile.-/ îiTiereas the five 

other countries found product3.vity per hectare rising annually by amounts 

ranging bet?;een 1.4 percent and 4.Ü percent per anmam, Chile's increase 

in productivity amounted to 0.2 percent. At the same rates continued 

into the future, between 1965 and 1985 productivity per hectare xvould 

rise by 70 percent in Prance and 78 percent in Italy, compared with 4 

percent in Chile, 

A con?)arison was made of the productivity of farms in various size 

classes in the Province of O'Higgins with the most productive in each 

size class and the most productive regardless of size c l a s s . T h i s 

study, conducted by Hector Morales, revealed that the highest output per 

hectare in each size class, after adjusting for differences in soil 

productivity, ranged from 1.6 times to 2.2 times the average output per" * 

hectare, and that if all yields were equal to the highest yields now 

^ (1959) being obtained, total output would be 92 percent higher than actually 

achieved. If yields rose to the average productivity of all farms \¥hose 

outputs per hectare exceeded the average of the total sample, productivity 

would rise by 35 percent. 

1/ Computed as the ratio of index of output divided by the j.ndex of area 
of cultivated land. No adjustments were made for the possibility 
that a given amount of land v/as used for two or more crops or for 
inclusion of livestock products such as millc. 

2/ Hector i&rales, Productividad presente y potencial en 96 predios de 
la Provincia de O'Higgins y en Relación con el taniaao de las propie-
dades, Escuela de Agronomía, Universidad de Chile, Santiago, 1964. 
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Appendix Table - 40 

RATES OF INCKEASE IN PRODUCTIVITY PER HECTARE IN SEIilCTED COUNTRIES, 

1952/53 - 1962/63 

Average Aimual 
increase rate of 
1952/53-1962/63 

(in %) 

Estimated 
1962/63 

Productivity Index 
(1952/53=100) 

Denmark 

France 

Italy 

U.S. 

Japan 

Chile 

1.4 

2.7 

3.0 

3.4 

4,0 

0.2 

114 

130 

133 

140 

148 

102 



I 

"k 

Appendix - 45 

Studies of coniparative yields of farros both inside and outside of 

Chile indicate, therefore, a reasonable presumption in favor of readily 

attainable increases in output per hectare. A doubling of average out-

put per hectare would leave Chile somewhat belov; the present level attained 

by Denmark and somewhat above the level oi France and Italy. If changes 

in crop mix are taken into accomit, v/hereby more land is devoted to crops 

¥ith a high market value per unit of crop, and account is taken of pos-

sible improvements in fruits, poultry and livestock, none of v/hich were 

included in the international measures of productivity^ there is no 

reason to consider a potential doubling of output váthin a very short 

period of time beyond the physical or economic capability of the country.i'^ 

In light of the present Chilean government's awarenes? of the importance 

of agriculture, the success or failure of its programme will be an 

important augury of what can be expected by way of economic development 

within the country. 

]/ FAO studies indicate a high correlation between use of fertilizer 
and yield per hectare. See ''Los Niveles de Producción Agrícola y 
el En5)leo de Fertilizantes," Rome, 1962. 
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