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TRADITUIONAL IRRIGATTION IN THE ANDES OF ECUADOR
(1) RESEARCH AND PLANNING*

by P. LE GOULVEN! , T. RUF?! , H. RIBADENETRA 2

Abstract

After a presentation of their ares of study. the authors
describe the historical evolution of irrigation in the Andes of
Ecuador.

The function of the state is emphasized and then the two
“inds of irrigation are precisely defined. Next, the paper deais
with the present -problems of private irrigation - systems and
presents various possible strategies in terms of planning and
development .

The selected - strategy relies on an elementary space unit
{the ZARI) "+and-, the" authors explain its definition, its
conception, and.-its meaning. Finally, they present the seleoted
methodological outline and the various operations.

This papsr, above all methodological, precedes a second one
entitled “  Dysfunections and Rehabilitation” ian which the
preliminary results are presentesd and commented.

* . [RRIGATION TRADITIONNELLE DANS LES ANDES EQUATORIENNES
: (1) RECHERCHE ET PLANIFICATION

L orsToM Hission, P.0. Box 6588 CCI, Quito, Ecuador.
Plan Nacional de riego, INERHI, Quito, Ecuador.
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in beousmdor,  the hatirnnanl  Water Fesounrees ITnatitute
(lnotituto Rruastouriana de Recoursos Hidrawulisecon - TIHERHIDY ., whose
funastinn 15 to manage water resources and to promote irripgation
projects, has to develop s Nationsl Irrigation Plan for the next
decade

in 8 difficult economic context due to  very high poublie
debt, it 15 almost mpossible to ecarry out the poliny of

real.ziny new, madern--but very expensive--irriguation projecls
with still Jow benefits

As far rs the Francoe-Ecuadoran team under the lesdership of
the anthors of this paper is concerned, the main point for tLhe
elaboration of the future Irrigsation Plan consists in considering

what still exists, scmetimes for ages, i.e., the so-called
private or traditional networks as opposed to the recent state
projents.

Horeover. this focus agrees with the one advoested by  the
international organizations. To manage the future rehabilitation
activities, it is [{irst necessary to understand the as vyet

unknown orgenization of the trsditional networks, in order to
analyce with precision their various operational problems

That is the purpocse of the international, multidisciplinary
team of French Scientific Investigation Institute for Develapment
and Cooperaticon ( QRSTOM ) sand INERHI, dedicsted te the project
"Operstion Analysis of Ecuadoran Irrigation - Recommendations for
the National Plan™.

1. PRESENTATION OF STUDY AREAS.

Ecuador extends over 281.000 km2 in the northwestern part of
the South American continent, between Colombis and Feru ¢ ©

Figure 1).
The Andes Cordillera divides the country in three aress. In
the north. 1t consists of two distinct chains crowned by high

vianleanos of oaver S000 meters. on each side of the inter-Andean
corridor which is about 40 kilometers wide. In the south, the two
mountain ranges neet and the pesks are lower.

Thesea Andes mountains, c¢alled “sierrs’, vconstitute Y
specific, very esrly inhabited entityv: this is the project aresn.

Figure 1; Hydrographic watersheds and Andean cordillera - Ecuador,
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The * Andean population lives mainly in the inter-Andean
valley and has adspted the agriculture to its different

#

i gcological levels (1800 - 3500 m). Above the cultivated stages,

L. sometimes with high slopes, are found wide meadows (3500 - 3300
n) called “paramos”, Above 4300 meters. because of the trost,

there 1s no vegetation. and permanent snow begins at 5.000 m.

The raintfall 1is heavy on both sides of the Andes and
variable in the inner valleys. [t csn lower te 400 am in  some
sheltered areas where irrigation is essential. Generally. there
are two rainy seasons (from February to May and from QOctober to
December), but there may be modifications:
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- in some sreas, i.e., valleys under the influence of the

Amazon river basin climate,
- some yeurs dué to-the:Nifo Current.

There 15 a high probability of drought (even short ones).
That 1is why traditional irrigation networks can be found in
almost all the valleys.

2. ANDEAN IRRIGATION: AN OLD STORY BUT RECENT STATE INTERVENTION.

Irrigation was known long before the arrival of the
Spaniards (1830) in the Andean areas and perhaps before the
arrival of the Incas from Peru ( about 1470 ). In the XVIth
century, the native communities had a kind of water law which wss
gradually replaced by the law laid down by the Spanish
colonizers.

Documents from the Naticnal Archives in Quito indicate that
most existing networks were built between the XVIIth and XVIIIth
centurivs when 'the big landowners were able to make the native
labor force dig and maintain canals that were regularly destroyed
by bad weather, overflaws, and earthquakes.

In the XIXth and XXth centuries, owing to social and
gconomic. progress. the 1land was gradually - partitioned, thus
producing changes in the use of water.

On the one hand, the biggest haciendags were divided among
the heirs, which created conflicts in water partition; these
conflicts were settled by the construction of new nearby canals.

On the other hand, the peasant groups (Hestizo or Indian)
claimed their water rights which were justified Hy their ecrucial
participation in the construction and maintenance of the water
system. Finally, some individuals or groups acquired water rights
by different ways ( fraction of the canal flow aor the complete
discharge during a definite period, etc.).

During the XXth century, the rise in population lead to a
demand for agricultural land (this Jjustified the Agrarian Reform
©of 1960-70). The demand for water resources increased at the same
time., The latter 1is not well known but it 'is the origin of
numerous conflicts, "even violent ones. .

The state intervened for the Ffirst time in 1936 and tried to
erect the first legal basis for a better distribution of water
resources . Then the state created the “"National Irrigation Fund”
(1844) to carry out works of general interest. )
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5 wonflicts between tLhe network owners and the users
continued., the military government crested the National Water
Fesources Institute (INERHI) in 18668. The - authority of thig
institute was strengthened when the water resources were

nationalized in 18972.

INERH]1 holds a monopoly on waler and intervenes on two Jevels:

~ it studies, builds and manages directly a group of networks
comprising irrigeted areas from 500 to 10,000 hectares where
farmers have to pay a tax. [t is not invelved 1n agricul-
tural development, crop-raising advice, or production trade.

- it checks and grants the water concessions. Therefore, the
primitive wster rights are legalized because they have to be
declared. In this set, known as private irrigation, the
building, maintenance and management of networks and

irrigated areas sre under the responsability of the users
and their organizations: Juntas de Aguas.

These two groups are not always independent and c¢an be
combined to form groups of irrigated areas that comprise

thousands of hectsres.

3. CURRENT PLANNING PROBLEMS.

Taking the country as & whole, INERHI estimates the
irrigated surface for agricultural use at about 550,000 hectares.
More than 75% is private irrigation. Analysis of the preliminary
results 1n the Mirs watershed (See Fig. 1) seems to indicate =
higher percentage in the sierra (See Table 1).

Table 1. Description of the private irrigation network in the
Mira Watershed.

Rumber of canals .. .. ... . .. ...t 285
Total intake flow ............. e ettt a e 25 m3/s
Average intake flow per canal .. ................ 85 1/s
Total length of ecanals .. ... . ... . i 1780 km
Average length of canal ... ... ... .. 0., 8 km
Number of irrigated areas ........... i iunnnn. 275
Total irrigated surface . ... .ottt ennn 53823 has
Pure privaste irrigation surface area and X .. 46728 has (87%)
Pure public irrigation surfsce asrea and X .... 2210 has ( 4%)
Mixed irrigation system surface and X ........ 49885 has { 9X)
Specific irrigation discharge rate in the

private irrigation sreas ..... 0.5 1l/s
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Frivate fucilities consist of very winding eavth canals, dug
on  the wountain slope, which can often disappear inte long
unpropped tunnels and can cuarry flows of about 508 l/sew.

The water intakes arve rustic ( overflaw with stonues

A

therefore  shaky., All along the Plisw. the canvis ond avr e -
obbtier el bevume esntangled. delivering water ace wling  » s e
nesis oy opeans of ridtdimentery dividers., 18 is noft unasaal o7on
capnal ro Feed severa.s Jighant oarean or Teroan Aareas Lo e oeopve
Jatwr Prow several canals.

thefers{iv, gravity irriganion techuiques are applied as thay
ar= well adapted to the area’s tepography. That wmsans that a
previss analysis of the irrigation system is necessary tu develop
specific standards adapted to the local situation. i.e., gravity
rrrigatinn can bhe noted on slopes of 100%. In this case the usual
standards are not applicable. } ’

Up to now, INERHI was mainly interssted in irrvigating new
areas to increase the irrigated surfaces. The example of Mira
(like in other Andean watersheds) shows that its 1intervention
ignored the existing facilities.

These public projects appegar to be the last historical
intervention of superimposed equipments.

The lack of planned improvement of the private networks 1is
mainly due to the original separation of INERHI assignments
(projects on the one hand, management on the other hand) but also
due to the very complexity of the traditional existing civil
works., the inventory of which was not always complete or precise.
Moreover , the access to the water intakss is often difficult and
rheir control sometimes impossible.

Without method or & well-guided, determined policy, the
intervention of the government was punctual and specific: to
build here a modern intake, there a steorage tank...

Today irrigation in the Andes is being designed differently
thanks to several new elements. Most of the ideal sites for
irrigation are. used and every new project will cost more and
more. The country - is-.affected by a serious economic crisis and
had to be more careful in its investments, owing to a still high
wxternal debt, -

Now is the time tn guide state intefvention {and therefore
INERHI) towards a better management of the existing systems,
asperlally the intensification of traditional irrigation for the

following reasons:

~ It supplies the main part of the usual consumer goods.

/-~ As it is not very technological, its development potential
is higher. .

- It exists throughout the country and involves many people
who already have a basic khnowledge of irrigation.
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To prepare thio new sphers of activit ez, INERHT sand  OFOTOM
have decdded Lo collaborate in order to estsblish (firsl at  tLhe
Andean  leve] and then at the nationsl one ) 8 methodelopgy based
on aseientific standards which wowld result in practical
recommenhdations for the laboration of a development plarn.

Bwwrause the operstion of the private system iz relastively
unknown, it is necessary to study the use of water in its
entirety i1, order to detect 1ts weaknesses and to  enhanece itz
astrenpflhs.

This means that a2 multidisciplinary study will have to b
carried uvut that can analyze the problem at various levels wuand
provide the necesssry data to implement the recommendstions.

4. A RESEARCH AND PLANNING SPACE UNIT: THE ZARI.

The country contains about thirty big watersheds of various
importance; in the sierra they are very well defined.

They are obviously teoo wide and tooe heteragensous Lo
constitute the besic unit of analysis, but they repressnt =a
preliminary clussificstion for the total water resources. They
usually belcng to 3 region and often include s big town, & tiLrade
and exchange centre. ’

1t means that this space division has to be considered in
the Ecuadoran Andes.

The hyvdrologists have refined this partition and divided it
into unicary watersheds (or micreo-bsasins) where they estimate the
water resource. ’

This notion., as appealing as it may be, is unfortunately not
adapted to tne study of the irrigation networks. The lower parts
of the irrigested saress are flat enough to allow the mixing of
canals of wvarious origins. Even in the higher parts. the
watersheds do not constitute an obstacle to the cunals which
skirt round them or cress under them in tunnels

That is why il wss necessary to think up and delimit space
units  that desal with reality: the ZARI {(Zone of Anslysis and
Froommendations for Irrigation). :

The ZARl is a space organization unit of the taking,
transport., and use of irrigation water.

Ite boundaries are formed by the importsnt natural obstaclec
that the network csnnot cross. Owing to its very pragmatic
o

definition, the ZARDI is the idesl unit of anslysis., and it i
alse 8 consistent deographicsl unit on the social and  evonomic
level.

Naturally well limited, it has been inhsbited for 2 long
time by  human groups who share s common history. sonctimes in
harmony, often with vonflicts., Within each SARD, {he
infrastructure has heen lsid down by the locsal lahor foree., with

Itmited Investments.,
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Any weter transfer between ZAR] conts more, reguires s
higher ievel of technology, and has regional repercussions. All
the same, any transfer between watersheds in the sierrs implies @
big project whiech should be decided upon 8t 8 national level.

Thue the planning process can rely on these twue space
divisions which have a true geographical wvslue, contain the
producticon units, and can help establish the cost and impsct of =»
develeopment policy.

The ssize of the ZAR] varies between 50 and Z00 km2Z and its
boundaries are established in two stages. Provisionsl boundariec
are drauwn up according to the topography &nd hydrographic
network; then they are modified when the infrastructure and the

irrigested areas are taken into account.

The Mira hydrographic watershed is subdivided into 20 ZARI
(see Fig. 2a), generally created by the union of two half-unit
watersheds (see Fig. 2b).

Normelly no canal should cross cver from one ZARI to another
(see definition). Actually there sre some interconnecting canals
but they are rather unimportant channels that feed industrial
crops {(sugar cane, for example) or public networks.

So the definition of the ZARI is essentially adhered to and
permits to lav down & preliminary classification of facilities
according to their importance and impact.

The ZARI forms the basic space unit, oh'which the analysis
and diagnosis are carried out sccording to the various
concomitant operations which are being studied.

' 5. PHASES OF STUDY.

The study 1is divided into six operstions that fulfill
precise purposes.

a. Description of the system.

The first operzstion ( LOCIE ) locates the irrigation systems
and describes their functioning by ZARI and wide basin. The
irrigated aress are delimited by photo-interpretstion and then by
the analysis of the SFOT satellite pictures.

The system’'s condition and functioning are described in
detail sccording to a logical code that divides the networks into
unitary segments charscterized by a function (supply, transport,
distribution) sand connected by operation junctions (combination -~
division). This coding is adapted to the complex systems and 1is
easily computerized.

b. System understanding.

Two operations are designed to explsin the orgsnization and
functiecning of the irrigstion systems. THANIE is the first and
deals with the historical snsalysis of the irrigation in  the
Zcuadoran Andes since the cvolonial period.

e
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The archive documents explain in large part the inadequacies
of the infrastructure {(redundsncy of canals).

The second operation called TAPATRIE is csrried out in one
represaentative ZARI in each big watershed.

In the Mira watershed; the ZARI of URCUQUI was chosen (see
Fig. 2e). It contains. a very dry ecolofgical environment (1800 -
2000 m) and includes the three major types of production systems:
sugar cane haciendas, cattle-raising haciendas, and very small
mixed farming.

Measurements and inquiries are cargied out at three levels:
ZARI and irrigated areas, farms, and plots of land.

The measurements sim at evaluating the water consumption st
different levels and the efficiency of transport, distribution,
and in the plot of land.

The inquiries give an idea of the water distribution and of
farming productivities.

c. Characterization of the systenm.

A hydrological analysis ( EGRADIE )} calculates, on the one
hand, the water demands at the level of the irrigated areas  and
the ZARI and. on the other hand, evaluates the available resource
at the level of the unitary watersheds.

The water requirements are calculated after = very complete
climatological analysis. It has been carried out using the
regional vector method. The inventory datas, completed by field
measurements, provide the system’'s charsascteristics.

The water resources are evaluated using a hydro-
pluviometrical model at a monthly time step.  The intakes situated
on the hydrographical network provide relation between the supply
unit (unitary watershed) and the water requirements unit (ZARI).

Finally, a detailed study of the farming statistic
(OCASEZIE) attempts to.. detsrmine +the realistic margin of
productivity evolution in an ‘irrigated area or ZARI by comparing
the well-supplied areas with the ones where the water shortage

~ becomes a restrictive factor.

d. Elaboration of diagnosis.

Each operation has to contribute to the formulation of the
diagnosis. The results are gathered in several computerized data

banks.
"It is necessary to connect them to obtain a detailed

panorama of private irrigation performances at the level aof each
ZART, of its weaknesses and potential improvements

That is the aim of the last operation ( BIDRIE ).

359
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CONCLUSION

Faced with an unknown and complex reality, the INERHI-ORSTOM
project has elaborated 2 research methodology to support future
decisions on irrigation development.

In the last two years a great number of partial results have
been obtained in esmch operation. 1t is not possible to present
all of them in this paper.

But, in contrast, the total results obtained at the level of
some of the ZARI of the MIRA wstershed have permitted to furnish
various recommendations, which are presented in the paper
entitled "Dysfunctions and Rehsbilitation

360
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TRADITIORAL IRRIGATION IN THE ANDES OF ECUADOR
(2) DYSFUNCTIONS ARD REHABILITATION*

by P. LE GOULVENJ, T. RUFI, and H. RIBADENEIRA2

Abstract

The multidisciplinary team of the franco-ecusdoran ORSTOM-
INERHI project presents a synthesis of various dysfunctions which
were identified during the surveys on traditional Andean
irrigstion areas in northern Ecuador.

The features of the disgnosis are formulated at different
levels: relations between watersheds and ZARI (Zone of Analysis
and Recommendations for Irrigstion); between ZARI and irrigsated
areas; between irrigated areas and farming sistems; between
farming sistems and crop plots.

It shows that the water shortage may be the result of msany
combined dysfunctions that have s negative impact on farmers’
decisions: they prefer extensive forms of agriculture and
therefore obtain low land productivity.

The =suthors propose as & preliminary task, 1in order to
prepare the National Irrigation Plan, prospects to structure and
organize the traditional networks.

¥ IRRIGATION TRADITIONNELLE DANS LES ANDKS EQUATORIENNES
{2) DYSFONCTIONNEMENTS ET REHABILITATION

ORSTON Mission, P. Q. Box 68886 CCl, Quito, Ecundor.
Plan Nacional de Riego, INERHI, Quito, Bcuador.
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The first report, "Traditional Irrigation in the. Andes of
Ecuador, (1) Research and Planning"”, showed how an international
and multidisciplinary team had built a research methodology to
prepare a Traditional Irrigation Development Plan. We emphasized
how much this irrigation did not fellow the ususl standards. The
originality of these systems, especially linked to the
mountainous topography and history, justifies the resesarch work
on what does not function well along the water mobilization and
utilization chain at different levels of the ZARI (¢ Zone of
Analysis and Recommendations for Irrigation ).

i
From detailed studies of four ZARI that were selscted as
most representative, URCUQUI, PIFQ, SANTA ROSA, and GUAMOTE, the
major features of the diagnosis on the dysfunctions of irrigation
in the northern Ecuadoran Andes were formulated and the Ffirst
channels of improvement of the private networks started to be
defined ( see Fig. 1. QOrganization-Type of a ZARI and Location of

the Different Froblems ).~

URCHQUI, Introduced in the first report, is a TARI of the
dry MIRA  watershed in the northern Andes; it is wmade up of
approximately 5,000 hectares irrigated by 17 traditional systems.
PIFO is located close to the capital QUITO. Ther=Ffore, tiis ZTARI.
with its 2,800 haotares irvigated by 12 traditional svstaas.,

s»volves under the influence of the urban outskirbts. SANRTA
ROSA ans GUHAMITE belonw *o the PASTAZA watsershed. lovstsd in ths
miritle b "he  oopntry, Theos ZARLD represent  totally oppossd

si1huat pens e

- hhe tirst, SANTA ROSA., is exemplary owing to the high degree
of artificialness of the Andean environment ( very high
populatinn density - 300 inhabitants per square kilometer,
8,000 hectares irrigated by large traditional systems from
30 to 50 kilometers long, irrigated continuous crop systems
in farming units of ‘less than one hectare ); T T .

- the second, GUAMQTE, is a crisis area, abandoned by its
inhabitants, and only the sectors that have irrigation
networks ( of limited scope ) remain populated, even though
they are deeply affected by seasonal migrations.

1. SUPPLY DYSFUNCTIONS AT THE WATERSHED LEVEL.

1.1 Very poor low-water flows, owing to severe drought even in
the high-mountain areas.

— Areas- that are potentially irrigable do not have any
tacilities. In the river watershed, only 2 dam would allew to
inpiease the supply during the dry =zeason. In certain reazes, a
transfer from a neighboring watershed that has a supply which
exceeds the demand could solve the water shortage problem. Thess
cases are rare. They imply prior legal and political agreements
and somefimes high investments if the transfer requires special
work <(tunnels). This problem goes beyond the limited Ffield of

rshabtlitatign.
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1.2 Large but inaccessible flows because the gorges are . too- -

A narrow, the geomorphology is unfavorable, etc.
As before. the areas suffer from a shortage of water. bur
this time the farmsrs see the water pass at a faw tens os
hundreds”™ of meters beneath their land. In vcertain cases. a dan

to raise “the wdtér level could Ffacilitate the installation of
facilities or the enlargement of those that already exist.

1.3 Highly variable hydrological rhythms with sudden and
destructive overflows.

o e e e

£

The water intskes are regularly flooded-”Tha‘irrigated areas
are periodically deprived of water. If ° ths damnade is
considerable, the farmers run the risk of losing part of their
crops. ’

This type of accident ( we will see later on that there are
many more ) becvomes even more dramatic if the social organization
that manages the system is disorganized. .

A modern intake construction program could make the
irrigation systems in. the aggressive watershed less vulnerable.

ML VR

1.4 Drying up of the river downstream from a series of outlets.

The areas that are irrigated from downstresnm intakes
systematically run the risk of being short of water. This
situation is often the result of a lack of coordination to manage
the water resource. It may be accompanied by downstream/upstrean
conflicts that can go as far as an "intakes war”, that is, the
alteration and sometimes even the destruction of the facilities.

“m¥Q?vﬁ*3*zz

Solutions tao thls problem are not easy, because each of the
groups involved clalms inherited water rights.

In this type of case, it is better to no longer grant  any
additional c¢oncession and to organize a joint effort among the
irrigating organizations.

The installation of the intakes and the discharge regulators
planned in the concession documents should indeed be carried out
with financial and technical support.

2. DEMAND PROBLEMS AT THE I[NFRASTRUCTURAL LEVEL IN THE ZARI.

2.1 Poor average continuous fictive discharge, owing to lack of
available water resources 1in the watersheds that Ffeed the
network. ‘ .

“ This ~ case “'is. a translation of the ¢two Ffirst kinds of
problems already described. concerning the watersheds.

) When the watersheds do not function in the szme way, it may
be useful to restructure the networks combining the supplies of
the two watersheds towards the crest of the interPflow.

Thus a greater regularity and security of the distributed
flows would be obtuained.
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2.2 Considersble disparity in the distribution ¢f the supply,
taking into amccount the normal variabilities owing to the

even
sltitude.

Certain irrigated aress are supplied by 2 .cortinuvus fictive

Z wthere ° have

discharge of 2 liters per second per hectsre whers:
only 0.1 or 0.2 liter per second per h=sctare.

In the landscspe this gives s mosaic of highly heterogeneous
areas With respect to crop-raising during the dry zeanar.

in the case where the water resource is limii=? cozpared to
the requirements, it is possible to revise the concezzions or, by
installing modern intakes, to avoid excessive Impoundments of
water which would be detrimental to the other s=yztems located
downstream. ;

¥hen the water respurce is not limited, an =niar
the deficient systems could be considered. A pocr Z.ppiy may he
due to the deterioration of the canal owing =©. =z 1lack of

maintenance.

For instsnce, the absence of maintenance to L.szr the sand
from certsin perts masy, over time, considerably z:n:imize the
channel discharge capscity and reduce even more trez wzter supply

of such or such & system.

2.3 Too high canal density, which makes it wvery difficult to
maintain 81l the systems and provides linear or punctual losses,
whether of natural or social origins ( theft, conflicts ).

One soluticn would consist of simpiifyicrs -re npetwork
especially when the cansals run along parallel lineg

Moreover, in this type of situztion, chain sci:izents occur
when the upper cansl breaks following an overflow 2r 2z rnudslide
The weakest sreas should be reinforced by means o©f =zZrezial works
and protected from streaming if the latter proZ.z2z =zangerous

overflows.
Protection sfainst erosion and soll a&coum

canal can be improved by planting thick hedges atsve the cansal
segments in gquestion.

Finally, we have observed that certain sec
difficult to reach. Their maintenance would be
accessways and maintenance roads were built.

g

3. DYSFUNCTIONS IN THE DISTRIBUTIONR IN THE Z&RI.

3.1 Absence of s rotational working, as a consequenc of which
there is an unegqual distribution sawong the utpstresm and
downstream users on the distributors.

This lsck of rules and regfulations to SnET2 tne  water

ce accurs in four kinds of cuses:

- the number of users is low and water distribuzis-
upon  from day to day asccording to the needs i
over time and with the parceling of the land. 1=+ -ianer of
Aseryg inereases  and the first difficulties zr-
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- the users have just acquired a concession over the c¢anal,
for example, when haciendas are divided into lots and sold,
and they do not know how or are unzabls to get organiz to
selt up a1 rota01onal system.

- the wusers were organized to set up a rotational turn
distribution. but because agriculture is no longer a prime
activity, the rules have been more or less ignored.

- the users are organized but their number is so large--and
their conflicts so intense--that the rotational sistem does
not operate well; the planned schedules are not adheved to,
the accumulation of delays leads to irrigation cuts.

3.2 Very long transport time in the distributors which sopetimes
consist of a veritable maze of intermeshed watercourses.

The distribution systems can be explained by the history of
transfers of water rights and the sales of user time for the
various distributors.

- Its efficiency is poor insofar as the water doas not slways
run from one plot of land to the next but rather follows the
order established by water rights.

A reorganization of the rotational working would be
desirable, although this is generally hard to accept Ffor the
users who are accustomed to certain irrigation schedules,
especially when this requires that the irrigstion take place
during night hours.

The distribution could be modernized by installing a

permanent module for each sector which would be managed by the
i respective group of farmers.
PR To ensure a minimum of fairness in the distribution from a
ES given module, it would seem that the safest me t hod of
distribution would be the one that delivers the module First to
the ’‘last user of the distributor and then-the outlets would be
open from plot teo plot until it reaches the first user (this
already exists in certain systems ).

Sometimes the distribution works on an alternating basis, so
that the last user of the water schedule would become ths first
‘for the following irrigation and wvice-versa.

3.3 Considerable irregularity of the modules delivered from one
irrigation to another, owing at the same time to the above-
mentioned dysfunctions in the watersheds and the facilities, but
also owing to the fact that the generally rustic dividing
Junctions - do not always distribute the discharge that come to
them in the same way.

. In reality, the problem is not so much the distribution of
water among wusers but rather the distribution, when 'it does
exist, of the water shortage in the fairest way possible tg the
users.

Providing the networks that suffer from a considerable flow
disparity with proporticnal cutlets seems gquite attractive.
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3.4 Considerable lousses during the night when the farmers do not
use night irrigation or put it into practice curelessly and when

there are no tanks.

Night irrigation on steep slopes is always difficult to
manage. During the night water theft is most freguent, and it ig
at this time that it is most difficult to reestablish the normal

discharge.

The instasllation of a tsnk with a capacity that vcorresponds
to the night stoek would be an invaluable aid for managing the
traditional systems. Such programs alresdy exist , but without g
systematic modernizstion of equipment in an entire ZARI.

In the absence of s tank, there are several soclutions
available to distribute the night hours to all the users.

The night hours can be assigned on an alternating basis each
yvear. This soclution, which seems eguitable, hardly modifies the
night losses; it only obliges everyone to share the unfavorable

S5,

conditions every other year.

The freguency of the water shift can alsc be modified.
adoptin® & period based on an incomplete number of days. For
example, i1nstead of seven days, the period could be si1x dsys and
a hzlf, with one day of service interruption after twoe periods or
two days every four periods for carrying out network maintenance.
Thus, esch farmer irrigstes on an slternating basis during the
day and at night during the whole vyesr.

This arrangement can be refined even further by using =a
period of six davs and three fourths, which would lesd the users
to set back their irrigstion schedule six hours from one shift to
another and to limit the service interruption for maintenance
purposes to only cne day svery four weeks.

Such changes are hard to effect for they upset habits and
interests that have been well established over a long time. But
if these changes are thoroughly explained and if they are sble to
convince the wusers 8s s whole, it is possible tco considersbly
improve irrigation conditions both fairly and safely.

3.5 Frequency of irrigation that is poorly suited or .

inappropriate for intensifying agricultural production systenms.

There are areas where the rotational turn takes plsce over s
reriod of 15, 148, 17, or even 21 dsys, which virtually prohibits
the farmers from <choosing crops that demand a8 great deal of
water, during dry sessons when reguiremnents are very high.

1t nmust be emphasized that the usable s0il reserves are

cften poor; the Andean soils contz=in a high propeortion of sand.,
t -~ wuch an extent that certain irrigsted solils are deemed

asuitable  for  irrigation in the international manuals. One
freqgquently finds rasily usable reserves on the oarder of 30 mwm.
which regquires an irrigation freguency of sbout 7 davs and not 14
v U1 odays.,
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It is not. an easy task-to manrage this preblem for - it- is
generally linked to 3 considervable disequilibrium batwncn supply
and demand.

So that each user c¢an enjoy the privilege of a decenh dosage
of irrigation, taking 1into account the time consumed in
transtfers, the rotational turn should have to be prolonged., but
the longer it is the.-less useful is the irrigation.

Moreover, the vrisk of having the irrigation withheld is
undesirable, as it would mean that the crop under cultivation
would have to wait one moanth or more without any artificial
supply. The peasant's can only then rely on a redeeming storm.
which is paradoxical  when one knows that an irrigation
infrastructure does exist.

Shartening the frequency would imply significantly
increasing the supply.

4. APPLICATION DYSFUNCTIONS AT THE SHALL PLOT LEVEL
4.1 Unsuitable module.

- A module that is sometimes too weak ( lower than 5 liters
per second ), which implies, on the one hand. very long
irrigation times by hectare ( up to 24 hours or more ) and,
on the other hand, application difficulties with respect to
the arrangement of the furrows: the former sectors =nd up by
being aver—1rt1gated whereas the latter are under-irrigated.

- A module that is sometlmes too strong ( more than 20 liters
per second ), which produces erosicn because there is no way
to control the volume of water that kesps coming inte the
plot of land. Only by creating buffer tanks would it be
passible for the i{rrigators to select a module that is
suitable for their soil, werk, and -retazstional system

linitations.
4.2 A poorly performing irrigation arrangement.

- In certain cases, the irrigator merely “throws” water over
the upper part of the plot without ever directing it.
The water follows the micro-thalwegs and ends up generally
by going out of the plot until the irrigator returns.

- In other <cases,. the irrigator does not optimize the
distribution of water: in accordance with the module he has
at his disposal and his soil characteristics, he can take
advantage - of the length of the furrows and work time to
correctly distribute the amount of water that reaches the
totality of the plot.

It is obvious that the users do generally lack appropriate
technleal advice and the necessary technical know-how to improve
the application.
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To explain the water shortage that the irrifators  complaan
sbout, there is alse the fact that they 211 waste water in their

fields.
The promotion of small experimental stations managed by  Lhe

irrifgator asspciztions with the technicsl support would allow for
8 better raticnslizetion of the spplications.

5. PRODUCTION SYSTEM FUNCTIONING PROBLEMS AT THE AGRICULTURAL
DEVELOPHENT LEVEL.

In =ddation to the eventual limitations Yinked to
zshortage of water, there are a series of o ¢ lovcuhan.e ano
technicsl problioenms that the farm=:s f3ke- into gcount whea  fley

favae thegr produectiens snd Smplement agricultors. {oor Dinndognies
tnck o vapital, oredit,  sguipment. Tahor  fraree:  ncertazn
market s 2tiets: dack o of crganciscatisn asd market contrele

e trert e el b vqrimum Adifficulties: eXLrene

rtain irrigated aress, which makes

R T T A~ the pjets in oo 4
omplex.

H
T - 41xtr1b"t:3n z)}1 the mor

P
; e c
e surch condlitiong, watesr usage proves to be extencive  and
18 SOmel TRhe S T:m]teo Lo irrigating natural prairies in nrder o
maintain  cattis whose main function will be « ~onomic 1t will
alliow the farmer to rely on saving inn an  uncerialin BEOnOmY s

enviranment

With thig respect, it is gulte curious to naote  that in
Zcuadour there is vartually no stocking of fadder neither among
the peasantis nor in the haciendas.

Theas  aquapents ~F farm tansgement Ty=  mutuide  TNERHI ¢
Ltrads LJJLJJ fi. 14 aof ntervention,

Neverthele-ss, they must be taken into account as s pnrt  of

the plsnnlnp
For exsmple, 1t would be meaningless to rehabilitate tne

ork 1n s ZART which has been sbsndoned by its inhsbitants wh.
have gone to work in the city.

8. DIFFICULTIES EXPERIENCED BY THE TRRIGATING ORGANIZATIONS 1IN
THEIR INNER AND EXTERRAL RELATIONSHIPS.

We are sl present witnessing s multiplicataian and
atomizstion of the irrigators’  associations 'which have very
severe repercussions on the maragement of the irrigation systems
ag a whole: the functions of "water police” and works maintevnance
are endangered by recurrent conflicts.

External interventions, whether they are public or privste,

sffect only limited groups and du not take inte sccount 811 the
users snd svstems 35 a whole.

Theas  phenomens are quite serious, for the maintenancs  of
sty on o8 very  stronpg socinl

tradztionsl networks jargely res
sohexiveners  gnong the users.

1T rome of the groups find themselves affected by thefts  af
water., without any specific improvements, they will tend to

refuse e participste In the voll oviuve works  thad aim At
muintaining the vesnals. The conflicts could g s oar s
sabataminy the werk then procesd to ivecs confrantaticn:s
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Un  the short and wmedium term, such an evolutivn vould anly
culmitate in an agricultursal recession, the risk of running short

of water leading the involved farmers to choose even wgore
extensive production systems. . '

On  the medium and lung term. the major risk  liwss n fthe
disuppearance of oertain sysiens because of a lack of  vcesdular
maintenanee,

{n wrder to prevent such an =volution, 1t would seem

appropriate  to propose from outside some global rehabilitaticn
projects on a ZARI as a whole and probably to reinforece the role
played by the irrigator zssociations by organizing them in a
federation | =Q that they will becone partners n the
rehabilitation proiscts.

CONCLUSION

The franco-ecuadoran team started first by idencifying the
many problems that are invelved in, and explain to a2 large
extent. the poor performances of traditionnal irrigation systems
and then will carry out an in-depth survey of =2ach problem area
and attempt to provide dJdata on the impact of the various
dysfunctions that have been identified.

In a second phase, the team will set up a network
improvement plan adapted to each type of ZARI. which should give
maximum efficrency to the public financial assistance that is
being provided for modernizing the Andean irrigaticn systems.
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