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PREFACE
 

This study was conducted as part of the Water Management

Synthesis II Project, a program funded and assisted by 
the United States

Ager.cy for International Development through the Consortium for
 
International Development. Utah State University, 
 Colorado State

University and Cornell University serve as co-lead universities for the 
Project.
 

The key objective is to provide services in irrigated regions oftile world for improving water management practices in the design and
operation of existing and future irrigation projects and give guidance
for USAID for selecting and implementing development options and
 
investment strategies.
 

For more information about the Project and any of its services, 
contact the Water Management Synthesis II Project.
 

Jack Keller, Project Co-Director Wayne Clyma, Project Co-Director
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 Fort Collins, Colorado 80523
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1. Damaged diversion structure at source Merlene M. San Raphael. 

2. Gravel deposits above diversion structure on Ravine d'Sud for Avesac system, Les Caye 
Plain. 

Ix 



3. 	Downstream view of Riviere Blanch diversion site. Concrete diversion dam at this site
(and at sister site, Riviere Grise) is completely buried by gravel. 
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4. Irrigation of shallot using small basins in Cul-de-Sac area (Riviere Grise). 
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5. 	 Vertical standing spoil banks from recently cleaned canal of Melon System in Mauliche 
Valley. Rocks and other debris had already been knocked back into canal from foot traffic 
along banks prior to re-introduction of irrigation water. 

6. 	 Micro-ba3ln irrigation with water flow through several basins in succession, Cul-de-Sac 
area. 
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7. 	Water Management Synthesis ItTeam visiting engineer and water users at diversion 
structure of Abraham irrigation system, Fond des Negres. 

bV 

IOw'
 

B. Stream channel bypass of partially completed diversion structure on Torbeck River, LesCaye Plain, resulting from flood conditions and inadequate wingwalls during construc­
tion. 
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EXECUTIVE SUMMARY
 

Background and Main Conclusions
 

This report has been developed from an irrigation sector reviewmade at the request of the Minister of Plan by arrangement with USAID/Haiti and the Water Management Synthesis II Project. The WMS II Teampersonnel were provided by Utah State University as a co-sponsor of that
project. The review was conducted during the period of August 20 toSeptember 15, 1984. What is reported has a generally technical focuswhich reflects the make-up of the Review Team and USAID/Haiti emphasison visit:ng a broad cross-section of irrigation sites and conditions.
 

A considerable part of Haiti's agriculture history is conditionedby irrigation's role as a supplement to natural rainfall. Over time anextensive system of hydraulic works and water conveyance features havebeen put into place, used, refurbished or sometimes abandoned. Today
important segments this systemof are troubled to varying degrees bythree interrelated negative forces: quality 
of upkeep, watershed
conditions and supply management. Rural income and employment levels are below what they might be, and hoped-for benefits from expensive 
programs of renovation are problematical. 

WMS II Team Approach
 

If we imagine water supply management to be a partial function of"institutional" arrangements and divide irrigation systems according
whether or not they are protected 

to 
from degraded watershed sources, we
have part of the classification necessary to dissect the Haitian irriga­

tion scene. Other aspects 
are system sizes (mini, small, intermediate,

large) and long- and short-run time horizons.
 

Generally speaking, the mini and small systems are the least
impacted by failures in management institutions or lack of O&M inputs
(but if there are any short-run improvements in these elements,
benefits should carry over to 
the 

the long-run). Improved water supplymanagement institutions and O&M arrangements would especially helpintermediate and large systems in both the short- and Theselong-run.latter-sized systems needwill public financing arrangements for newconstruction, whereas the mini 
and small systems might not.
 

Mini and small systems tend 
to occupy the protected locations; the
intermediate and large (non-underground) systems are relatively the most
environmentally threatened. 
 In the long-run, continual watershed
degradation has potential shut down
the to 
 all the systems, even those
now classified as protected. The watershed -ue is critical, andameliorating efforts are under way, 
some 

but there is no way to predict theoutcome. Watersheds can be rehabilitated, but the benefits to theexisting irrigation works will not be measureable except in the long
 
run.
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Given this rough categorization of topical problems, the elementsselected for emphasis by the WMS II Team are either related to short-runconsequences or solutions, protected environments or to institutionaladjustments that have lasting as well 
as immediate impacts.
 

Problem Emphasis and Solution 

Certain themes dominate the of
mass literature dissecting and
analyzing 
the recent history of agriculture development
population growth/exploitation in Haiti:
of hillsides; growth of fooddomestic output/food needs; performance of existing irrigation systems/potential for increasing irrigated area; absolute amountcommitment of GOH resourceto agriculture sector/institutional capacity of thetechnocracy; and, 
 most of all, security of land 
 tenure/peasant
initiatives (Werleigh, 1983; Stutler, 1983; USAID/Haiti, 1984; BergAss., 1984; 


1976; 
Kite and Pryor, 1983; Hauge, 1984; Purcell, 1974; Bertrand,Murray, 1978 and 1982; Zuvakas, 1980; ID.B., 1974, 1981, 1982,1983a, 1983b). On-site 

conversations 
visits to a large number of projects andwith knowledgable persons have confirmed 
 the broad
outlines of the situation and many of the specific points made in thecited sources. 

The subsector picture, however, is not as negative as mostliterature suggests. of thisSome irrigation systems work quite 
well. They may
be found both inside and outside the Irrigation Districts, but tend tobe smdll enough to allow user equity considerationsinternally. It is unlikely that all 
to be resolved

such systems appear on the usualinveaitory lists.
 

Certain situations within irrigation districts permit
de Departementl'Agriculture, des Resources Nautrelles et du Developpement Rural(DARNDR) personnel, led by the District Agronome and the engineer from
the Irrigation Service, to provide good support. Some examples havebeen given by Hauge (1984). 
 Cards signed by the Agronome
Engineer and thehave been and can be issued to each user, specifying theregular date and time period for receipt of water. Again, such examplesinvolve situations where maintenance and repair requirements are not sodemanding, and where users are willing to help get things done. 
In the Les Cayes region several small systems, also insideirrigation dstricts, thehave been rejuvenated to some degree by userswhich have in turn been organized and trained by
far the local priests. Thusoriginal capital has been donated, but some user groups haveagreed to build up their own 
funds for future system upkeep.
 

Such zmall successes dramatize the failures in the larger more com­plex systems. The latter seem suffer tofrom 
to a greater or lesser degreethe effects of lack of trained

design flaws, unfair 
personnel, lack of maintenance,water distribution and poor 

near
technique. As as can be ascertained, many technical 
on-farm management 

assistance
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devices have been tried, 
 usually t.ore than once, but subsequent
evaluations disclose same ofthe pattern weak performance. In theopinion of the WMS II Team, nothing that donors can do in terms of newsubsector investment, Ministry reshuffling, more farmer level technicalassistance, etc., will 
be cost-effective until 
two things happen: water
 users must have more say in the operation and maintenance of the systems
(and shoulder far larger percentages of the fiscal burdens), 
and order
must be imposed upon utilization of all 
water by unbiased application of
 
up-to-date laws and rules.
 

If user fees generated a reasonable amount of revenue, 
a reasonable
number of well-trained people could maintain the systems both to prevent
and repair damage. 
 Once security of water delivery is assured, farmers
will 
be more prone to utilize better on-farm technologies.
 

Little is gained by arguing that the farmers cannot afford to pay;either it is worth repairing and thesereplacing extensive, complexsystems or it is not. Someone should be able to pay. It is difficult
to believe that net profits are not being accumulated somewheresituation permitting continuous cropping of products for which there 
in 
are 

a 

rea-onable internal markets.
 

These comments are not meant to play dow,'n the cost side of thepicture. Some of the irrigation systems in Haiti are exceptionallydifficult to operate since cleaning or repair is required so often.They are constant victims of destructive natural 
forces. It is probable
that certain systems 
can never pay for themselves. In such cases it may
be better not to fight against nature until it is determined whetherthere is any way to counter or avoid the force or timing of floods that 
cause so mruch damage.
 

Donors who are attempting to have an impact upon rural developmentin Haiti should adopt a realistic view of what can be accomplishedthrough volunteerism or cooperation as a driving force in water usergroups. Such groups or amalgamations of groups cannot substitute fully
for other institutional imperfections 
 further up the line. Besides,such combinations are hard to sustain because membership naturally
includes individuals or groups whose 
interests are best served by
failure of cooperation. Farmers who have had free water do not like the
thought of being forced to pay for it.
 

The most useful immediate extension of responsibilities forgroups is found userin recent ideas being pushed by USAID/Haiti covering
ease and right co form such groups and their freedom to collect andcontrol member fees. These goals are necessary steps in the rightdirection (USAID/Haiti, 1984; Coffee, 1984; Delatour, 1984).
 

Something else is necessary, however, in order to prevent even
well-meaning 
user groups from inadvertently hurting each 
other with
conflicting surface diversions or underground withdrawals. Waterresources have to be managed in terms of present equity and future
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national need. This 
ment 

requires strong application of tenure and develop­rights according to lew and scientific information about locations
and amounts of the resource. 

In an irrigation society, the keystones are equity and order.These cannot be induced from the bottom up except in simple, close-knitsystems; the notion of beneficial use must be imposed from the top down.
Few exceptions to water law may be permitted, but user rights may bereadjudicated based on 
new, more accurate information. 
 The law needs to
be applied without fear or 
favor to rich and poor alike. 

At the present time the following functions rotare being wellperformed by any existing Haitian institutions: 1) how much water agroup or association of groups or 
to 

certain projects will be alloweddivert; 2) location and utilization of all water 
sources and;
3) balancing the demands of non-agriculture users. As conflict overever-tightening water supplies mounts, these functions will 
be extremely
important. Generally, parallel arguments also appl, for information,rational utilization and law and 
enforcement where 
 environmental
 
(watershed) issues 
are concerned.
 

Findings and Recommendations
 

Subsector Planning 

Numerous studies of agriculture (and irrigation) in Haiti areavailable. 
 Some of these involve engineering feasibility of irrigation
developments. The 
 recommended 
locations for development have been
selected generally by economic criteria and then ranked in 
some fashion.
Other issues affecting the viability of irrigation in Haitian agricul­ture are land tenure patterns, community organization capabilities,
differential between rainfed 
 and irrigated cropping potentials,
sedimentation hazards, and other physical. 
social and political factors.
Thus, while much is already known about the agricultural sector thereare yet some missing data elements which are important to rationalanalysis and planning studies. Much of this need is manifiest in a lack
 

network improvement relative to social costs 


of hard knowledge about basic biophysical, social and economic 
conditions. 

The global relationship of potential net benefits from irrigation 
is unknown. The reason 
for
this is that there is no good way to calculate a ratio because all sortsof really fundamental data are lacking, such as census of population andagriculture; export market potential; crop and livestock production andconsumption time series; 
 ground and surface water availabilty and
hydrology; 
 soil and water pollution and extensive soil surveys;
meteorology; land ownership 
and control records (surveys). As a
consequence it is not possible to foresee some unintended side effectsfrom government policies, planning and executing projects is seriouslydelayed and mistakes are inevitable. Some possibilities are:
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1. 
Completed and ongoing land capability studies are important but
they are only a start. Non-existent 
or inadequate statistical
collection and reporting services are a real hindrance to rationalplanning 
and development budget programming. The Government of Haiti
really cannot do without minimal information, and some substantialbudgetary recognition of these continuing need3 is necessary.
 

2. Determination 
of the seasonal changes in irrigated areas andestimates of adequacy of water supply are important. These wouldrequire the use of satellite or other remote sensing information. Thisstep might be encouraged after early 1985 when Landsat 4 data are 
available.
 

3. Development of irrigation
revised project evaluation and
ranking criteria to include some measure of command area stability andsystem 
 longevity, i.e., dependability of water source, gravel/
sedimentation hazards, relative water supply for double and triplecropping, potential with rainfed only, existence of viable organization
for operation and maintenance, drainage conditions, etc.
 

Subsector Institutions 

The most fundamental 
aspect of persons coming together to control 
a
water source for irrigation purposes is organization. Even the mostcasual observation of any group's system reveals that leastat twothings must be happening for the systems to work at all: 1) farmershave to know when they will get water; and 2) they all have to begetting it on some fair (acceptable) basis. In the western U.S., forexampre, irrigation systems may be poorly maintained and need investmentto br'ng them up to standard, but no one thinks about the fundamentals
mentioned because they are 
taken for granted.
 

The basic foundation for improving performance of the irrigationsubsector in Haiti is to create institutionalan climate and structurethat will allow each and every system (group of users) to cross thethresholds described. 
 Some systems are working, but in a lot ofsituations observed by WMS Team, athe II where viable combination ofvolunteerism, leadership and trust is missing, an 
institutional require­ment is 
not being mat, i.e., maintenance of law and order so 
that equity

in water distribution is more or less guaranteed.
 

It may be possible to secure distributional equity on a system-by­system basis following the pattern in Leogane, as suggested to the Teamby DARNDR Minister Flambert. That model does not provide, however, for
 very important, necessary additional 
functions involving such things as
resolving conflicts over diversions from the same source, shiftingsupplies 
as new land is brought under irrigation or for a scientific way
to optimize conjunctive use of ground and surface supplies where several
systems may be involved. The model does not provide for temperingadjudication of conflicting water rights claims with accurate 
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information about the resource itself. Provision for future needs 
through legal interpretations may or may not be present in the model.
 

1. A way needs to be found to require adherence to a comprehensive

system of water laws 
governing tenure and use rights for individuals.

it is recommended that serious consideration be given to creation of a
powerful governmental position that might be termed "High Commissioner 
for Water." A scientist having demonstrated abilities would be

appointed to this position. Utilizing a small staff he would oversee
the conflicts in diversions, protect tenure rights and make sure that
the necessary data are collected and employed to wise use of
ensure 

water resources for general public benefit. 
A Commissioner for Environ­
mental Protection having equal scientific qualifications should also be
appointed and provided with equivalent powers. The Environmeital
Commissioner would ensure that a data base would be created to support
environmental control programs. He would monitor all experience from 
existing 
and new projects so that the best ideas are extended and

improved upon. 
 Both offices might be combined in one person. The model
 
is that of "State Engineer" in the U.S.A.
 

2. A scientific, interdisciplinary approach to resolving contra­
dictions in land and water policy would be facilitated since line 
ministries would be able to draw on 
the commissioner's office for advice
 
in meeting national development goals.
 

3. A separate, autonomous authority is necessary because for thelast three dcades the Ministry of Agriculture has not been willing or 
able to make the tough decisions required to bring order into 
resource
 
management in Haiti. 
 Managers of the autonomous development zones have
 
also fallen short in this regard. Technocrats in the Ministry of Public

Works may enjoy a relatively good reputation, however, the office

described is not a construction agency and could not be housed there. 
All water laws must be codified, revised and amended to ,nodern
meet 

circumstances and future needs. 
 Land tenure laws should be updated and

enforced. At present there is 
not enough hard infomation to design, let
 
alone enforce, the massive environmental protection measures that are
 
needed (see Annex D and cf. DGSNP, 1985).
 

Irrigation Investment
 

The best lands and easy-to-tap water sources have already been
developed. Additional areas will become ever more expensive to bring
under control. Pertinent planning data are sparse. To bring extra land

under irrigation would require considerable determination. 

1. The most cost-effective way to obtain benefits from irrigation
investment in Haiti is to rehabilitate existing systems, giving priority
to those situations where longevity seems most assured. Longevity can

be influenced by system compactness or because favorable hydrologic and

sedimentation factors are present or viable internal O&M capability is 
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present on a routine basis. Development of springs and drainage

channels should be encouraged if no water quality problems are present.In all cases, an intent should be to push out the irrigated perimeters

wherever water availability and/or alterations in main system management

will support such action. 
 The Abraham (Fondev) system rear Petit Goaveexemplifies a system that possibly could be enlarged. This is one of 
the best ways of doing "rehabilitation." 

a. 
Barrages should be rebuilt and maintained by using tractors
 
or human and animal 
labor wherever natural conditions are such that
frequent destruction occurs because of sand and gravel deposition.
 

b. Canal intake structures should be designed to exclude gravel
and other debris during periods of flooding. Complementary
operating procedures must be set in place to assure effective,
timely operation of the gates.
 

c. 
Because of worldwide trends in petroleum costs and their impact
upon foreign exchange reserves, and because of lack of domestic
generating facilities, any groundwater development (made at public

expense) based upon pumps should have immediate prospects of high

payoffs (see Annex B).
 

d. There are a few systems which are situated in such a manner asto lend themselves to conversion to gravity pressure sprinkler
operation. Experience elsewhere has shown that obtaining theimportant technological and sociological advantages of sprinklers
 
can be auto-financed. 
 System Robert may be such a site. The Team
recommends an immediate reconnaissance of such possibilities 
to
 
learn if a PID is justified.
 

e. Drainage improvements 
are needed in many systems, especially
"along the seaward margins of most of the 
 coastal plains"

(Hargreaves, 1955).
 

2. Good examples of this approach can be found in USAID/Haiti'sexisting activities in the subsector. 
 The WMS II Team recommends

continuation of the very small-scale "$10,000 program." 
 This is accom­plishing its goals. The program readily could be extended to some 
aspect of system development in the Gastone 
 zone where private

initiative is being pushed (users need loan funds). 
 The Mission entered

the Dubreuil scene aiming to finish up the secondary distributionsystem; so the intentions were in harmony with the approach suggested(there was even a watershed program (Reynolds, c. 1983)). There isstill plenty of opportunity to build good local institutional featuresthat will help the system to function well as it comes on line (Stutler,1983; also, the current water user group program of the Land Tenure 
Center). At the present time, an opportunity to obtain high marginalreturn on investment exists in the Canal d'Avezac system. The WMS IITeam recommends that the Mission investigate this possibility. 
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No doubt there are other instances where the notion of doing the
easiest things first (building on what already has bee accomplished)
will prove beneficial. But proposals have to be judged very carefully
from a technical standpoint, i.e., from an aspect where the Mission is
weak. System Torbeck is a case in point: some poor engineering
thinking has recently wasted an injection of Canadian donor money aon
risky dam site; a distinctly clever design is needed if this system is 
to be rehabilitated.
 

3. On a considerably higher commitment scale would be rehabil­
itation of such systems as Torcelle, Courjolle and Matheux. From a 
technical standpoint there is 
no doubt that they can be improved, but in
 
contrast to Torbeck, they are working fairly well at present. There­
fore, these systems present a good opportunity for the GOH to institute 
some reforms in terms of water rights, enforcement of laws and general
operating procedures that would generally be effoctive inside the

boundaries of any irrigation water supply system. Some improvements in 
output and in smoother system operation ought to be possible. The

spirit and substance of WMS Team's national levelthe II recommendation 
could be invoked and tested before a lot of money is committed.
 

4. Investments in complex systems, particularly where high risk
factors associated with large eroded watersheds and higher elevations 
are present, should be avoided unless viable, internallong-term, O&M
capability can be demonstrated either from agriculture or from tangible
multipurpose benefits (such as electricity sales). 

Operation, Maintenance and Cost Recovery
 

Many irrigation systems are in good physical condition and should
be able to perform as designed. This holds true especially where the 
water source is a spring or drain. Other systems require constant,
expensive upkeep. If maintenance is not carried out, farmers at the far

end of the systems steadily lose access to water delivery and revert to
rainfed cultivation. Maintenance is not carried out due to lack of 
funds or 
inherent difficulty in organizing human resources. There is a

direct correlation between the level of ablility to do an adequate job
of O&M and achievement of equity in water distribution. Where there is

insecurity of water delivery, the probability of farmers adopting better
 
cultural methods is greatly reduced.
 

some smaller irrigation systems are totally maintained by water 
users, and in some cases have been responsible for construction
reconstruction as well. This means that subsidy is reduced or absent.

or 

The Irrigation Service representatives or District Agronomes appear to
impose a minimum of restrictions on such groups. For example, District
supervisors have no incentive to hire and pay a Syndic when none is
needed. Also, user-operated and built systems may not be subject to 
water tax.
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1. It is probable that such user groups exist in greater numbers
than commonly supposed by outside observers. To the extent this
conjecture is accurate, it is somewhat 
 illogical to continue to
subsidize the lion's share of reconstruction and O&M costs in othersystems more directly under public Lontrol. Subsidy from any sourcemasks the actual comparative 
advantage situation in the subsector,
provides insulation from competitive forces and makes speculation in 
land easier.
 

2. Only modest improvement in irrigation subsector performance canbe obtained by reshuffling institutional control of public O&M responsi­bilities. It is also unrealistic to expect complex user organizational

arrangements to carry out irrigation system O&M where system layouts and
structures 
are complex and involve several user groups. The basic
solution in either case 
is adequate operating budgets. The WMS 
II Team
recommends that the Mission explore with GOH a reasonable method forwater user 
groups to organize and tax themselves (Stutler, 1983; Coffee,

et. al., 1984, Sec. 6.2.4). 

3. Another administrative boon to be sought is the right andobligation of recognized user groups to help set O&M prioritiesscheduling. The long-run aim should be 
and 

to move to a system of user feesthat will recover costs of construction as well as O&M costs. Warning:users, should not be expected to pay for engineering and construction 
mistakes made by "experts."
 

Agronomy
 

The WMS II Team observed some on-farm water management practices
that are quite good. 
These practices seemed to be correlated with close
supervision of day laborers 
and tighter water supplies. In contrast
 some 
farmers probably have more water than they need (Jean-Noel, 1984).
 

If in the future agriculture production must make a quantum leap,
consideration must be given to new technology as a means of holding unit
costs of production under control 
 while fostering larger-scale

commercial operations.
 

1. Except for growing rice and possibly sugar cane, not very manypeople understand "on-farm water management." This is true in Haiti as
much as anywhere else. Thus, there is little information to extend.The WMS II Team recommends that USAID/Haiti set up a technology transfer
activity centered on the AID/Washington historic experience in on-farmwater management contracts 
let during the 1970s and that 
USAID/Haiti

determine if the International Irrigation 
Center's "Irrigation Program
Modules" are suitable or adaptable to Haiti; the Mission should contactthe Regional Office for Central 
American Programs (ROCAP) and Instituto
InterameriCano Ciencias Agricolas (IICA) in Central America (request
WMS II support for part of this activity).
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2. The WMS II Team recommends that the Mission establish strong
ties with the on-farm water minagement demonstration and action program
recently initiated in the Dominican Republic. For example, some Haitian
agronomists and irrigation engineers could be sent to the test site inthe Alta Yaque del Norte Irrigation District to participate in project
activities for an extended period of time (one full cropping season at
least). The program mentioned is scheduled to last for five years.
This subactivity could be managed for the Mission by the local office 
of IICA. 

3. The considerable rainfed agronomic research (especially in the 
Southwest zone) needs to be adapted to irrigated conditions because not
all farmers in that area who have access to water will be able to grow
rice. Delatour, et. al. (1984) suggest the goarea to a rice economy.
In this connection better availabilty of 'improved varieties is obviously
 
an important initiative (Wahab, 1984).
 

Watershed Management
 

Generalized erosion is evident everywhere and there are localized
situations of extreme erosion, but no one really 
knows the extent of

soil losses. There is also a potential for on-farm erosion in the 
irrigated areas.
 

Severe natural threats to structural integrity are represented in
the situations to be seen at Riviere Grise and Riviere Blanche. It is
unlikely that manmade structures can long survive the extensive gravel

deposits caused by extremely rapid runoff of flood waters. Hargreaves

(1982) claims that river beds have widened greatly during the past

30 years (cf. MARNDR, 1985). These peaks in river runoff mean that less

and less water is available for irrigation, i.e., more and more is
wasting to the sea (MARNDR, 1985). An additional claim is that aquifer

recharge is also adversly affected (Roi, 1984). 

The ratio of flood peaks to average streamflow can only be reducedin a few ways. One is a series of upstream dams (detention basins) that 
are allowed to fill with debris in succession (very expensive). Massive

revegetation of the entire watershed could be attempted, emphasizing 
grasses. These methods could be combined, but a revegetation program
probably restricts use of the watersheds by farmers forever and requires
tightly controlled animal use after the vegetation is weii established.
 

There may be a third possibility if farme-s are allowed to remain 
on the watersheds. A large system of terraces would have to be
constructed to control or arrest erosion. Such terraces are widespread

in those areas of the world such as Southeast Asia where rainfall 
patterns are more evenly distributed than is the case for Haiti. Uneven
rainfall may prevent 
high intensity year around cultivation which

otherwise provides natural incentive to build and 
maintain terraces.

The knowledge of terrace construction is not part of rural culture.
 

xxii 



Time and effort will be required to build up the soils on the terraces. 
Some terracing and revegetation efforts are under investigation, and
 some positive results were pointed out to the Team during its visit tothe Peligre area. The actual costs of such programs, however, are
unknown. All that is certain 
is that soil conservation generally is
 
very expensive and involves a long-term, cause-and-effect process.
 

1. The approach and program of conservation projects such as that

in Upper Artibonite should be encouraged. Elie and Snyder (1984) did 
not find the erosion problems too bad in the Peligre watershed.
 

2. Irrigators are not necessarily the immediate beneficiaries of
 
adjacent hillside farming conservation, at least in the short-run, since

effects of erosion on production are not observed immediately, only

gradually. So the major beneficiaries are usually the hillside farmers

themselves who do not necessarily own land in the downslope irrigated
regions. 
 Taxing one group to subsidize the other's conservation efforts
 
suggests an administrative nightmare. 
 The only way irrigators could be

taxed would be if the money improved "their watershed" and nobody was
 
exploiting it (except, possibly, for scme grazing).
 

3. If it is socially, economically and equitably possible to
prevent farmers from working land on steep slopes (as proposed to the
WMS II Team by the Ministry of Plan technicians), sitch a program should 
be instituted without delay. Continuity of conservation programs must
 
be ensured by built-in incentive programs. Every possibility for
 
resettlement of hillside dwellers should be investigated.
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SECTION ONE
 

ASSESSMENT OF HAITI'S IRRIGATION SUBSECTOR
 

Introduction
 

This report is based on a rapid appraisal of the whole irrigationsector and does not include comprehensive evaluations of specificirrigation projects. See Annex A for examples of site data collected. 

Data
 

The main focus 
 of the WMS II Team's sector review was on
performance of irrigation systems viewed from technical and farmerstandpoints. A search was made for the physical and institutionalsituations leading success thoseto and leading to failure. Climatic,environmental, financial, policy and human capital Factors were alltaken into Theaccount. resulting analysis suggests inferences aboutimmediate investments in the subsector and required policy changes which
will enhance sector output and reduce waste in future investment. 

Part of the considerable literature devoted Haiti'sto irrigablesubsector was reviewed. These sources ranged 
from engineering assess­ments of various water systems to *economic and social analysis ofoperation and maintenance of systems. Members the II Team
of WMS
visited over 40 systems, large and small, 
 and observed apparent
strengths and weaknes-es 
 in operational arrangements as well 
 as
technical aspects of recent or planned 
reconstruction. In addition,
where possible, pertinent questions were asked of farmers and on-site managers of the various systems. Meetings were held with a large number
of persons in policy making and executing positions in the Ministry ofPlan and the Ministry of Agri-ulture, as well as with private
individuals and representatives of major donor organizations. Members

of the Team were unable to speak personally to farmers except through

translators.
 

Method
 

Given the data base described and background knowledge of whatcontributes to success or failure of irrigation systems and ruraldevelopment policies elsewhere, the Team has attempted to set out ordefine the framework within which solutions to the current irrigationinvestment/O&M production dilemmas must be found. 
 The Team has created
its own interpretation or view of the realities of the irrigation scenein Haiti. This is necessarily imperfect, but we feel it is accurateenough to deduce 
a set of mutually consistent conclusions and point out
 
relevant policy options.
 



Haiti Irrigation Potential 

Irrigation potential depends upon the average annual amount of 
water that might be developed from surface and underground supplies
coupled with the amount of land suitable for irrigation that could be 
serviced at reasonable cost. As of yet these relationships are not well

defined primarily because the hydrologic data have not been defined in
potential irrigation terms (USAID, 1985, Table IV). It is, however,
possible to obtain an impression of upper bounds upon potential from the
 
standpoint of land area if attention is focused upon valleys and plains.

It would never be cost-effective or even technologically possible to
irrigate the entire area, but the total can be compared to estimates of 
the land areas currently under irrigation. Relevant data are shown in 
Table 1. 

FAO experts have estimated that about five-sevenths of the valley
and plains total are concentrated in the plains. According to the DATPE
photo intrepretation work, 3,974 km2 in the two zones are utilized for
irrigation in some way. The zones contain about 3,054 km2 of class la 
soils, most of which would have possibilities for irrigation since 
topography would not be limiting. This estimate is one-third more than
 
the total mentioned in the recent USOM draft CEP report (USAID, 1985).

Currently, 1,572 km2 are in specialized crop production, and the DATPE

study estimates about two-thirds of this to be in irrigated rice or
annual crops. Some additional allowance must be made for irrigated 
sugarcane. 
 (An earlier FAD estimate of 700 km2 of irrigated land is the
 
most commonly quoted figure in estimates of Haitian agriculture sector
information.) Although there is significant variance among sources of 
data, in total, even the high estimates of irrigated area 
are well below
 
the low estimate of 2,050 km2 of la land. From the standpoint of land
 resources alone the CEP estimates of la land may be taken as a current 
best estimate of the maximum amount of land that could be irrigated 
regardless of necessary effort and cost.
 

A detailed inventory of existing systems in the main plains and
valleys was made in 1972 by the Integrated T.A. Mission of the OAS. 
These areas were found 
 to contain 106 systems, commanding about

75,000 ha. According to Walker (1983) the Irrigation Service of the 
Department of Agriculture controls 71 systems, which
of. these command
 
48,000 ha and serve 36,000 families. A February 1984 estimate of large

and small systems reported to be controlled by le Departement de

l'agriculture des Resources Naturales et des Development Rural set the 
number at 128 (quoted in USAID, 1985). The area irrigated in these
 
systems was estimated at 95,880 ha serving 80,699 users.
 

Both the 1972 and the 1984 totals seem to fit the data from Table 1
fairly well . A current grand total of land irrigated to some degree 
seems to lie between 90,000 and 110,000 ha.
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Table 1. DATPE and other estimates of 1978 land occupation in
 

valleys and plains--Km 2.
 

Category 


Valleys and Plains Total 

(FAO est. plains only) 

Area in agriculture 


Class ia Lands (all)** 

(CEP est. of Ia lands) 


Land Use
 
Specialized crops 


(FAO est. irr. area) 

Irrigated annuals 


Rice 


Irrig. sugarcane 


North 


1087.1 


918 


785.8 


371 


45.4 


42.8 


? 


* Estimates of irrigated area are 

Transversale* 


2076.4 


1596 


1046.3 


573 


266.6 


316.6 


? 


West South Haiti 

805.4 976.4 4936 
(3515) 

637.5 823 3974 

588.7 633.7 3054 
(2050) 

285 343 1572 

(700) 
28.0 162.4 504 

46.8 63.6 470 

? ? 

evidently incorrect since the sum exceeds
 
the total of the area of specialized crops.
 

**Ia = good soils with possibilities for irrigation, suitable for mechaii­
zation, high productivity, topography not limiting.
 

Source: 
 USAID, 1985, draft (agriculture) for DATPE data, Tables 3 and 4;
also pp. 3 and 4 for FAO and CEP estimates. Delatour cites DATPE 
data: 89,900 irrigated; 98,250 could be irrigated. 
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According to the IBD socioeconomic report of 1975 and GOH Five-Year
Plan (1981-1986), total that can bethe area irrigated is 125,000 ha(USAID, 1985). The 1984 IICA survey of available data plus field sitevisits to many 
systems contains an estimated potential area of over
144,000 ha within 231 identified systems, subsystems and water sourcelocations (Pizzaro). Therefore, there may be an already identifiedpotential for additional irrigated area of 25,000 45,000 ha,to i.e.,
about 30 percent more than at present. How much of this areas enjoys
constant, year around irrigation water supply is unknown, but it appears
that many systems are fully or partially shut down for extended periods
of time.
 

According to a 1979 Harza 
study, additional potential for under­ground sources 
is not great (USAID, 1985, Table 7). Whether additional

surface supplies could be developed by creating storage is not clear.
Hargreaves (1955) 
 argues that there is considerable underground

potential and states that there are sites.
storage Extensive

engineering studies and reconnaissance have been carried out from timeto time, but proposals for major dams are notably absent. Numeroussites (37) have been identified for creating hydro power, and some ofthem probably could satisfy some irrigation water storage needs, but the 
potential is unknown co the WMS 
II Team (USAID, 1985, Table 6).
 

In summary, a combination of more intensive utilization of alreadyexisting irrigation infrastructure plus development of 
some additional
pre-identified surface 
 sources 
 could increase the effective area
irrigated in Haiti by a considerable margin, probably at least
50 percent. This is a very rough figure, of course, but it seems that
there is ample margin to absorb all the financial and human energy
irrigation development that could reasonably 

for 
be expected to become
 

available in the near future.
 

Assumptions
 

From the standpoint of external 
donors, the current situation is as
politically and culturally intractable as it is technologically andenvionmentally intolerable. Therefore, it seemed that the immediate
and important question facing WMS Team, "What isthe II was, possible
within the existing administrative, institutional 
 and technological

constraints?" Within 
this bounded domain some of the most important

considerations for successful 
system development and operation, in rough

order of priority are the following: 

" Administrative ease (minimum pressure 
on the "slstem");
 

" Minimal reliance upon complex support arrangement:­

" Good payoff (least risk?)/dollar spent (economic and longevity);
 
and
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* High or discernable impact upon the farmers involved (human
capital development self-help situations). 

The practical consequences of entertaining such considerations is 
to focus attention upon irrigation systems least likely to be threatened
 
by the environmental degradation of the country--springs, drains, simple

(rebuildable) diversions--and upon smaller groups of users that are
already working well together for whatever reason, and towards those
irrigation districts or river situations where private initiative is 
least mired by bureacratic quicksand. 

This orientation has an inherent disadvantage: the absolute amount
of any hoped-for output increases from individual projects is probably
not large. 
 Presumably if enough of them are undertaken, there will be
impact upon food supplies. 

In order to obtain big jumps in crop and livestock output anywhere,

not just in Haiti, it is necessary to employ advanced technology in 
every aspect of the production process. This includes the delivery and

application of irrigation water. (Normally this involves a commercial 
orientation 
 not always found among small farmers whose lands are
dedicated to basic grains production.) In Haiti a "high tech" approach
might be implemented to some degree by the private sector on land areas
that are not quite level enough for surface irrigation (assuming therequisite water source can be developed). But for the bulk of the
public systems, such a step would be -ifficult to take because under 
current legal, bureaucratic, environmental and operational constraints

there is no way to move to intensive planning and control of the 
irrigation regime that would be required.
 

Field Visits to Irrigation Sites in Haiti
 

General Characteristics
 

The Team visited irrigation systems in the Cul-de-Sac, Archaie,
Artibonite, Central Plateau, Plaine du Nord, Gonaives, Marigot, Jacmel,
Petit Goave, Les Cayes and Leogane areas. Many specific systems are
identified on the accompanying map (Figure 1). Some 42 irrigation
systems were directly observed during these field trips. 
 A few systems

close to Port-au-Prince were visited more than once. PNscussions were
held with more than 80 persons, including 40 farmers whu responded toinquiries relative to agronomic and irrigation conditions. At one site 
alone (Maissade) more than 150 persons were 
present to demonstrate their

interest in a possible irrigation project. At another (Melon) about
50 persons accompanied the Team 2.5 km to the diversion. Contacts were
made with representatives from four private voluntary organizations(PVO) and with several engineers knowlegeable about the history of
irrigation O&M in Haiti. 
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Figure 1. Map of Haiti with location of some irrigation systems. (Adapted fr'om Harza, 1979.) 



The systems varied in size from 23,000 ha (ODVA) to fewer than
20 ha (Tapion, Menoisier) of actually irrigated area. While the. water 
sources of the majority were 41versions from rivers, some were fromsprings, some were from drainage collection canals and a few were from 
pumps. Only one pump was observed in action (Manneville) and that was 
at the specific request of the Team. One pump in the had
Cul-de-Sac

been inoperative for five months while the high cost of energy or the
unavailability of electricity for pumping has restriced the use of other 
pumps. 

Diversion structures ranged from farmer-constructed rock dams

(rebuilt after each rainy season) through midsize to large concrete 
barrages and up to one large dam at Lac Peligre. One farmer had created

his own spring by breaking a 3-foot diameter buried mainline and
blocking the pipe with rocks for flow control. Other farmers had
constructed their own wood and earth dams and channels to divert spring 
water to their land. 

Irrigated soils were predominately heavy with some medium and light
textural areas. The heavy soils mainlywere in the Artibonite, Central 
Plateau and Les Cayes areas, with some scattered pockets in other areas.
 
The medium to lighter soils were observed in the Plaine du Nord, Cul-de-

Sac, Archaie. Leoganes, Jacmel and Marigot regions. The Marigot soils
could probably be described as gravelly (cobble size in places), sand 
intermingled.
 

Rice appeared to be almost universally grown in all areas (except

Jacmel and Marigot) if the farmers have enough water and 
are on suitable

soils. In several areas bananas were irrigated in small plots, while in
 
other situations they occupied the border areas. 
 Other irrigated crops

included' taro, corn, beans, sugarcane, shallot and other vegetables.
Vegetables were more predominant near large cities such as in the
 
Cul-de-Sac.
 

In the Leogane area sugarcane was irrigated on a shallow loamy sand
 
soil underlain by fine sands.
 

Most of the farmers interviewed owned at least two plots and many

owned three er more or were working others under some arrangement. One 
or Lwo plots would be in different irrigated areas, and perhaps one
would be on a hillside or other non-irrigated location. Extensive use 
was made of day labor for land preparation, rice transplanting, weeding
and harvesting. Some sharecroppers or day laborers were interviewed.
Fertilizer use seemed to be limited. Availability of credit was alsoproblematic. Farmers seldom mentioned membership in organizations or 
associations. However, 
some groupings obviously exist (to maintain and

fuel pumps, for example), and some water users are being orgainized here
 
and there; so it is difficult to generalize.
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Irrigation Infrastructure
 

Conveyance works dating from colonial times 
were observed in almost
all major irrigated areas. 

many 

These structures were still operational
instances. Other significant infusions 
in
 

of capital in irrigation
structures occurred during the 1920s when the U.S. Marines occupiedHaiti, and again in the 1940s 1950sand with the U.S. Point 4 programs.Other donors such as IDB, FAO, World Bank, USAID, etc., have madesignificant investments in recent years. 
Nevertheless, many of the same
structures are in need of rehabilitation to various degrees. Site
conditions at locations manythe of of these structures impose severerestrictions on functional longevity because of geologic 
 and/or

hydrologic factors.
 

Rehabilitation needs, 
 from a strictly hydraulic or structural
integrity viewpoint, were varied but generally included repair of intakegates, repair/rebuilding of sluice gates on larger barrages, clean outof any existing debris traps, restoration of measurement devices, andrepair of damaged masonry canal linings and distribution structures(Photos 1 and 2). Capacity of closed or covered conduits in mostinstances had severelybeen reduced as a result of sediment deposition.Canals cn some systems were never completed or were not rehabilitatedalong with work on intakes. Linings were never finished or were not put
properly in place. 

Water carrying capacity be
could increased in many earth-lined
canals by proper shaping of the cross-section, along with restoration of
the bottom slope to original design. 

Sedimentation and Its Impact 

The run-of-the-river irrigation systems exhibited a significantdegree of susceptability to sedimentation. Deposition of sedimentsranging from silts and fine sands on up to 10 cm and larger gravel was
observed in nearly all such systems. The extreme disaster systems wereRiviere Griese and Riviere Blanche in the Cul-de-Sac area. Largeconcrete barrage structures at these sites have been completely buriedby gravel (up to 10 
to 20 cm size) (Photo 3). This destruction process
has been repeated at least twice fo:" each river in recent history.There is no evidence that it will 
not happen again. The gravel seems to
be coming from previously deposited 
alluvial embankments which are
re-eroded as a result of high peak flood flows. Currently the water isrouted into the canal intakes by using a bulldozer to reconstruct agravel dam after each major flood event.
 

Sedimentation occurs in most of the spring-fed systems, althoughnot to the same degree as in run-of-the-river type. ofSome theseappeared to be the result of local surface runoff from storms. Aquaticweed growth also appeared to be more significant in springs,particularly those from lowland drainage collection situations. 
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System Operation 

The various systems seemed to have similar operation practices in 
common regardless of size. For example, field plot water delivery was
accomplished by rotation among fields along the tertiary canals,
rotation among tertiaries along the secondaries and rotation among
secondaries along the primaries. Generally there was continuous flow in
tie main or "mama" canals. This description may not fit in the small 
systems, where the main canal really serves as a farm distributary
(tertiary). Rotation intervals varied, officially from 8 to 15 to 
30 days depending on water supply. Several farmers indicated they could 
informally get water every five days by working it out among themelves.
Some systems have ample water compared to the number of users (land 
area).
 

Rotation delivery has significant advantages where irrigation water

is directed to relatively small plots. Equitable quantities of water 
can be provided to each farmer, proportionate to area irrigated, byreference to length of time only. This is possible if the flow rate is
reasonably constant throughout the rotation area during any given cycle.

Water measurement is therefore not required at the farm turnout. 
Equity

of water distribution along the main canal could be accomplished by flow
 
measurement at the primaries as well at the head While aas end. few 
meLsuring structures were observed in the canals, no evidence was found
 
of any measurements currently being taken except at the overflow weir at

the Despuzeau spring. There was also evidenceno of any streamflow 
measurements being taken.
 

Water Management Efficiency
 

On-farm irrigation practice for all crops, except sugarcane,

employs small (im x 2m or 2m x 4m) basins up to paddy size areas. 
Sugarcane, if irrigated as 
 in Leogane area, appeared to be furrow
 
irrigation. Observed on-farm irrigation in small basins (Photo 4) was 
exceptionally manpower and distributionwater efficient. Application

efficiencies (uniformity) were estimated to be 65 percent for 2m x 4m
basins without flowthrough. If these basins were dead level, the 
application efficiency could approach 90 percent.
 

Distribution system conveyance efficiencies did not appear to be 
very good, particularly in earth-lined channels. Leakage past farm
 
turnouts and tertiary and secondary gates was universally observed. 
Even lined channels had cracks and holes in the bottom and sides. 
Apparently there have been 
no system evaluation measurements taken which 
would quantify conveyance and on-farm distribution and application 
efficiencies. 

Irrigation scheduling based on the 8-day interval may not be appro­
priate for shallow rooted vegetable crops or for sugarcane on shallow 
sandy soils. The existing practice may result in excess 
water
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applications at the time of irrigation with accompanying deep drainage
below the root zone. The crop uses water at a potential rate for a few 
days until the soil water storage is reduced to low levels. The crop

water use is reduced and drought stress occurs which adversely affects
yield prior to the next irrigation. Thus a continuous cycle of "feast 
and famine" could occur within each successive irrigation rotation 
interval. 

Drainage
 

It is impossible to maintain the proper salt and water balance in 
irrigated soils unless proper Jllowance is made for drainage. These 
engineering aspects largely seem to be overlooked in Haiti. The
30,000 ha ODVA protiect, the largest in the country, "is experiencing a
lot of irrigation-drainage and salinity problems..." (Bishay, 1981). A
need for surface and subsurface drainage also exists in areas having
flat slopes and heavier soils in other portions of the lower Artibonite 
valley and Les Cayes Plain. Siarlar needs were apparent in many low
lying lands of other irrigated areas such as near San Raphael and in
Maissade. Spring-fed systems are not immune (Nan Pol). Waterlogging
and salinity are part of the reasons why so much of the nominal 
irrigated area in Haiti is partially used or out of use.
 

Maintenance Chores and Administration
 

Maintenance requirements are highly correlated to sediment and 
debris removal which is a continuing and enormous task. It is of such 
magnitude in certain high risk areas and in larger systems as to exceed

local community energy and organizational ability. On some of the
larger systems, such as operated by ODN near San Raphael, one day per
week is set aside for main system cleaning. All farmers desiring water 
are supposed to be represented in the work. It was not clear how 
stringently water cutoff was enforced for non-cooperators. On smaller 
systems maintenance tends to be carried out by the water users working
together apparently without much, if any, government intervention. On 
State systems, large or small, the cleaning appears to be organized by 
District technicians.
 

Many canal systems had been cleaned during the previous few months 
by manual labor paid in turn through the "food for work" program. In 
some instances this may have been the first significant cleaning in 
several years (Photo 5). The role of the Syndic (ditch rider) in canal 
maintenance was not always clear. In a wTewTinstances the Syndic had
 
apparently helped organize the canal cleaning activities, whilleinother 
situations he may have also been responsible for routine daily canal
inspection and removal of obvious obstructions. A universal complaint,
other than within ODVA and perhaps within Leogane, was that the

so-called irrigation tax was not returned to the districts to support
maintenance activities. A very great number of farmers expect the 
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government to "provide the water." In all cases the assessed tax was a 
fraction of what would actually be required to maintain main and primary
canals. The farmers do not pay the tax if they have not been getting
water or can get the water anyway. The 50 percent compliance rate may
be indicative of the degree of inequity of water delivery in government­
controlled systems.
 

No generalization should be made about the actual ability or 
willingness of government or private entities to operate and maintain 
all the irrigation systems in Haiti. Many small systems work very well 
under the circumstances; some of them have considerable Ministry of 
Agriculture support or, input. Water users on such systems may or may
not pay nominal water fees--it appears to depend mostly on whether or 
not they built the systems themselves. Permission for private groups to 
reconstruct or start up a small system can be obtained from the local 
irrigation district representatives. A Syndic will not be appointed if 
the users get on well together and no wa e-use conflicts develop.
 

Where "public" systems are failing because they have broken down or
 
have reduced capacity for any reason, the deeper problems emerge which 
have drawn so much comment. Farmers short of water will naturally try 
to get the Syndic to favor them with special treatment. Powerful owners
 
will get their way, etc. The basic order required for an irrigation 
system to function will be replaced by chaos and distrust. If the 
systems were maintained to a standard which permitted them to function, 
many of these complaints and disagreements would disappear. 

A point which may be reemphasized in discussion of user apathy and 
maintenance shortcomings in Haiti's irrigation works is that the
 
location and layout of some systems involves incredible amounts of 
cleanout and repair. The costs in time and effort may be very high in 
relation to the expected increment in production over and above the 
rainfed alternative (this is a conjecture that might be investigated).
In such situations (given a strong fanner belief that the government
shouli do the cleaning if it collects water taxes, plus any weakness in 
local leadership, Syndic authority, or other unharmonious elements 
enumerated above) iner-Ftia simply takes over. 

Water Charges and Use Efficiency
 

One implication of this argument is that the O&M situation in some
irrigation systems is so bad that it is unlikely that the local users 
could ever meet the costs of upgrading. However, as a general rule
based on experience, income from irrigated production can usually bear 
O&M expenses (this contention must be tempered by and be related to the
reality of plot sizes and minimum subsistence requirements of the farm 
familes involved). This applies to Haiti as well. For instance, Hauge
(1984) reports irrigators on pump systems in the Cul-de-Sac paying 
S200+/ha/yr for irrigation water. 

1I
 



These paragraphs concerning 
 O&M have emphasized only "cost
 
recovery;" some ill-informed persons believe that 
 irrigation water
charges can also be a vehicle for improving on-farm water application
efficiencies. An example 
 from the Dubreuil system illustrates an
important shortcoming of this belief. The WMS II Team interviewed a woman producing 
corn and beans upon 5 carreaux of rented land. She
relied upon machine land preparation, hired 4 to 5 laborers on a dailybasis to accomplish specific tasks, applied fertilizers and pesticides
and gave every indication of expecting good returns from these
practices. Her method was to ask for irrigation water when and if sheneeded it by giving advance notification to the syndic. She paid for 
only the deliveries received. 

Her rented parcel was served directly by a main channel whichseemed always to contain water. She was able to treat her irrigationsupply as a demand system--she could turn it on and off at will asthough it were a tap which could be left open for varying lengths oftime. 
 Since each draught is charged for separately, changing the price
she pays conceivably could have some 
impact upon the amount of water she
would be willing to apply to her crops from time to time. RULE:Altering water prices in order to induce greater on-farm water applica­tion efficiencies requires that the farmers be serviced by a "metered" 
demand system. 

Demand systems are few and far between and are not easy or cheap to
create. 
 To begin with, they usually require storage features--from thestandpoint of the woman farmer in Dubreuil, access to a constant flow amounts to the same thing. The 
Dubreuil system is still being
developed, and quite a bit of water is available to the land blocks thus
far opened to irrigation. A more common situation is that systems are
designed or develop in such a manner that available water supplies miustbe "stretched" to cover the land irrigated. Whenever water is generally

in short supply or is short during dry portions of a crop season,farmers automatically handle what is available as efficiently as theyknow how; charging for water to achieve exactly the 
same result would be
 
superfluous.
 

It is true that if farmers do have adequate water and a fee isimposed, and if they respond by taking less, then the "excess" notdiverted onto their lands might be used by someone tilse downstream.However, even if currently "too much" water is diverted, the plants 
can
only transpire at a natural rate; any "excess" water will usually passback into the watercourse by underground or 
overland flow and may still
be available somewhere else. means
This that. "efficiency" must be
looked at in a global sense in order to form sound judgements about
system uperation (Keller, 1984). (There are ca,;es where farmers withample supply plus adjacent unirrigated land will try to change tosprinklers and irrigate an 
additional increment.)
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Choice of Irrigation Water Management
 
Technology
 

An irrigation system is much more than a hydraulic system. Sound 
operation requires the application of basic principles of agronomy, soil 
science, water requirements of crops and other disciplines which must be 
combined with engineering hydraulics to form the rather complex art of 
irrigation. The aim is management of the soil moisture environment for
 
enhancing agricultural production. It is axiomatic that the benefits of
 
irrigation are realized only when the water reaches the cropped land. 
To obtain the full benefits requires that enough water be available to 
satisfy crop water requirements (Bishop, 1974).
 

Water management activit1es pertaining to irrigation involve four 
levels, classified by function:
 

" Source (watershed, surface or underground);
 

* Distribution (conveyance and control structures);
 

" Application (on-farm water management); and
 

" Drainage (removal of excess surface and subsurface water).
 

Characteristics of Water Sources. The source of water for
 
agricultural crop growth is ultimately found somewhere in the hydrologic 
cycle. In rainfed agriculture, the water for crop growth is obtained 
directly from rainfall stored as soil moisture. Irrigated agriculture 
additionally depends on arrangements for water collection, storage and 
conveyance from a watershed. Any of these elements may be modified by
the actions of man. If there are no significant surface reservoirs 
upstream from an irrigation diversion, it is known as a "run-of-the­
river" system. The great majority of irrigation systems in Haiti are of 
this type. Exceptions to this are the Artibonite, which is supplied 
through the Lac Peligre Reservoir, and the systems supplied by springs 
or wells in areas such as Gonaives, Cul-de-Sac and Les Cayes.
 

Water is supplied for irrigation directly from the available stream 
slow in a run-of-the-river irrigation system. Since there is no 
reservoir to store the water for future use, flows must be used as they 
exist or not be used at all . Depending upon watershed conditions, 
irrigation water will be available only during or immediately following
the rainy reason. The ideal watershed conditions would be such that all 
of the rainwater would infiltrate the soil and any excess, not 
transpired, would percolate into the groundwater aquifers for later 
discharge in streams and rivers. This would lengthen the recession 
portion of the streamflow hydrograph and greatly extend the possible
irrigation season. It would also cause a run-of-the-river system to 
look like a spring-fed water source. The available water is diverted by
 
means of a diversion dam from the stream into the main canal , to the 
laterals, to the sublaterals and the farm ditches before reaching the 
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point of use. Well-planned farming activities within the 
service area

of the system are essential in order to realize of the
all potential

benefits. The cropping plan 
must 
allow for the expected hydrograph of
 
the streamflow as a function of 
season.
 

The watershed conditions in Haiti such
are that a significant

portion of rainfall very rapidly runs off as 
flood flows. This reduces

the baseflow portion 
of the supply hydrograph for run-of-the-river

diversions. The attendant increased of
volume sediment transport

ranging in size from silt to 
gravel, creates additional difficulties in

canal maintenance if flood flows are also diverted.
 

Main system management in a run-of-the-river design normally

reduces to diverting all the water possible (within limits of main canal

capacity). This leads to continuous, fluctuating flows, 24 hours per
day, in order not to "lose water to the sea." 
 Irrigation authority

technocrats view their public responsibility as a "calling" to push all
 
the water possible through the structures which they manage. The most
they can do for farmers is to deliver every drop. What the farmers do

with the fluctuating supply is something else.
 

Those water sources which incorporate a reservoir confer additional
flexibility in that excess 
water during flood periods can be stored for
subsequent use 
to augment flows in dry seasons. The possible irrigated

area that can be served is determined by the reservoir storage capacity,

rainfall during 
 the irrigation season, crop water requirements,

conveyance and application efficiencies and the magnitude of otherrequired releases (i.e., for hydro-electric power) which cannot be used
for irrigation. A potential 
for conflict between irrigation and hydro­power exists ."or water stored in Lac Peligre. This will intensify as
demand for electric power increases in urban areas 
of Haiti. Further

reservoir development is limited by availability of suitable dam sites,

political and economic considerations and lack of hydrologic and
watershed factors favoring reduced sedimentation rates and maximum
stored water yields. Relatively high costs are associated with
construction of the dam and attendant facilities; however, distribution
 
system maintenance costs 
may be reduced as a result of flow stabiliza­
tion and lower sediment transport rates. 

Water supplied by a groundwater reservoir has two main advantages
over surface water storage in Haiti: a minimal sediment transportproblem and essentially no evaporation losses. These advantages are

fully realized in spring-fed 
systems. The same advantages can be
obtained 
from wells. However, additional costs are associated

development of wells for pumped irrigation 

with
 
supplies. In Haiti,


availability of fuel and maintenance may be a severe constraint 
on
dependability of pumped water supplies. 
 Tie diffuse nature of a pumping

scheme in which each unit may supply water for 100 to 
200 hectares could
present a possible cost advantage over a large-scale reservoir 
or even

run-of-the-river systems. This is possible because large canals capable
of supplying hundreds or thousands of hectares 
in the command area are
not needed. The scale of such 
a pumping scheme may approach the
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extended family size operation for an individual pump. Something

similar seems seems to operate fairly well without official intervention
 
in small Haitian run-of-the-river systems.
 

The estimated potential for groundwater development was presented
in a 1979 Harza report. This estimate ranged from 1,444 to 2,374 liters 
per second for 12 out of 29 aquifers (Table 7, ESCOP). If flows are 
comparable in the other 17 aquifers, a maximum of 5,100 to 5,700 lps may
be available for development. It was not clear if already-developed
springs and wells were included in these estimates. Assuming a crop

water use of 5 mm/day (Hargreaves, 1982), and irrigation efficiency of

50 percent for typical Haitian conditions, 1.16 lps/ha is the required
design flow rate. It is possible that such irrigation requirements may
be satisfied only 5 to 6 months out of the year, depending upon locality
and seasonal rainfall patterns. In any case, the area which could be
fully irrigated by these potential groundwater sources may not exceed 
4,400 to 4,900 hectares, which is approximately five percent of the
 
estimated total land area now irrigated.
 

Massive watershed rehabilitation work will be required to obtain
 
any increase in availability of groundwater supplied spring or pumped

irrigation systems in Haiti. on
Greater water retention the watershed
 
must be promoted to maximize ground water recharge potentials. Since
the base flow of most run-of-the-river systems is also from springs, all
irrigation water supply conditions will be improved by better waterswTe­
management.
 

Water Distribution Methods. Distribution of irrigation water 
requires conveyance and control facilities for moving water from the 
point of diversion at the source to the delivery point at the farm. 
 The
 
necessary facilities become increasingly more extensive as the service 
area per diversion point increases. Distribution methods can be
continous flow, rotation, demand or some combination according to the 
temporal availability of water at the delivery point.
 

Continuous flow distribution systems supply water continually at 
the point of use. This tends to minimize system capacity requirements
and may match the legal definition of a water right as a specified flow 
rate per unit area (e.g., 0.6 lps/ha). However, these systems may

impose inefficient application techniques if surface irrigated plots are

small. It is also difficult to make the most of natural precipitation
and requires 24 hour per day irrigation by users. Sprinkle and trickle
irrigation applications are most suited to continuous flow delivery. 

Rotation delivery schemes were an outgrowth of the inability to 
obtain adequate water heads simultaneously to many small plots under 
continuous flow arrangements. Direct water flow rate measurement at the

farm level is not required because the water turn is on a time basis
(e.g., all of the stream for each three hours turn per ha) up and down 
the lateral. There is usually continuous flow in the main and submain

canals with rotation within blocks served by laterals, depending on 
project size.
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Complete flexibility in water supply to the user is implied in ademand system. In a practical sense this means complete control oftiming, duration and amount of water delivery within system limits asdesigned and/or operated and maintained. This'imposes extra require­ments for water storage, additional measurement and regulatory
structures, greater 
system design capacity, increased operation staff
and more record keeping (in a typical large gravity system).groundwater irrigation A pumpedsystem serving small maya area operate in ademand mode. aAs general rule, demand system conditions will beachieved whenever any water use quantity is a relatively small portionof the water available at the source. Typically, "head end" irrigators
in surface systems manage to operate on a demand basis.
 

The water distribution nethods observed in Haiti 
were predominately
rotation along the farm ditch and laterals. Continuous flow wasgenerally maintained in the main candls. There was evidence that headend users could operate with water on demand while some "tailenders"obviously were chronically 
short of water. In the latter 
 cases,
rotation intervals were sometimes extended 
to 30 days or more between

irrigations. 

Irrigation Application Methods. 
 Fout" water application techniquesare used on farms: surface, sprinkle, trickle and subsurface. Theseare listed (roughly) in oforder increasing application efficiency andcost, except for subsurface. No sprinkle trickleor systemsobserved during werethe Team's field visits, although apparently a localagriculture consulting isfirm considering their inuse sugarcane on
lighter soils. 

Subsurface irrigation may take the form of underground trickleusing buried pipes with holes at intervals, or may be some form of water
table management. 
 The buried pipe approach has many practical diffi­culties such 
a breaks, plugging, root clogging of outlets, which may be
difficult to detect. Thus, 
 this form is riot used in practical
situations. Water 
table management, either deliberate 
or inadvertent,

is used in many irrigated areas.
 

Conditions favoring such "subirrigation" are light to intermediatesoils underlain by an impermeable layer at a shallow depth (2 to4 meters) with good lateral drainage rates.
ready This situation facilitatescontrol by supplying water in surface ditches to theraise watertable. Stopping the supply allows the lateral drainage to take placeand lower the water table for field work.
situation must be such 
The water supply and drainagethat removal of excess salts from the root zoneis readily accomplished. 
 There is considerable evidence of inadvertent
subirrigation in Haiti 
as a result of excess 
irrigation water in flatter
areas which raise the tablewater downstream such as in the Artibonite

and Les Caye Plains.
 

Surface irrigation with small basins, 1 x 5 meters up to 5 x 8meters, arl used throughout Haiti for almost all 
 irrigated crops.
Furrow irrigation of sugarcane was observed in the Leogane Plain.
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Irrigation efficiencies in small basins could approach 85 to
 
90 percent where water is supplied to each basin individually in turn at
 
relatively high flow rates. 
 However, when the water is channeled
 
through the basins in succession, the opportunity for 
excess infiltra­
tion is increased and efficiencies may drop to 40 to 50 percent

(Photo 6). Both types of basin utilization were observed during the
 
field visits.
 

Land grading and good surface irrigation practice go together to
make the higher efficiencies possible. There were indications of a need
for leveling in the small basins in the Cul-de-Sac area and in some of
the rice paddyies in ODN near San Rafael. Another important aspect of
efficient surface irrigation is to match practices to soils. The Team
observed rice paddies on sandy to soils in thegravelly loam Artibonite 
Valley above the ODVA project. While the farmers' desire to grow rice
is understandable, the excessive loss of water to under
percolation

these conditions may not be desirable or beneficial.
 

Drainage Requirements. The foundation of any long-lived irrigation

project is good arrangement for drainage. Drainage, whether it be 
natural or artificial, is required to remove excess precipitation and
 
irrigation water, along with the salts, from irrigated soils.
 

All irrigation waters contain salts which remain in the root zone
following evapotranspiration of water by the plants. These salts must 
be periodically removed by leaching and drainage to allow continuous
 
crop production. This is why irrigation can never be 100 percent

efficient, unless pure water is used, because in time, the soil 
 salinity
increase would not allow plant growth.
 

Presence of a high water table can cause 
salts to move upwards into

the root zone by capillary action. An excess water situation is called"waterlogging" and leads to plant growth difficulties due to reduced 
soil aeration. With the exception of a few crops (especially paddy rice
 
or taro), viable production is possible only with properly aerated 
soils.
 

Drainage is needed also for removal of exceess surface water due to
 
high rainfall or excess irriqation water which may pond and kill crops
if not removed within two to four days.
 

In Haiti, flatter areas of irrigated valleys and anywhere heavier 
soils predominate, are candidates for drainage. At present there is
little or no evidence of any kind of drainage investigations to develop 
necessary criteria such as depth and spacing of field drains, i.e.,
hydrological soil characteristics and drainage criteria: minimum
permissible depth of groundwater and projected discharge; and optimum
groundwater regime for production of various crops. 

Economy of Choice. If irrigation benefits thought of in
are terms
 
of what happens at the farm level, four factors are most important: 
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quantity and stability of supply,the energy the farmer is willing orable to commit, and cost. 

individual 

Other things equal, it makes no difference tofarmers whether the water source is on the surface or under­ground or whether it is delivered
allow for degree 

frorm a big or small system. Farmersof control they have over their total resource base,their family needs and poter,tial markets, and adjust theirpatterns cropping(and possibly) their production practices accordingly.Haiti, for example, a secure, "ample" In 
water supply induces farmers to grow rice.
 

In other words, an "irrigated" crop budget takesadequate supply of water and 
for granted an 

assumes 
the same returns per hectare
regardless of system characteristics (excluding any necessary investment
recovery fees). System scale typeor would not be a factor inestablishing net benefits per ha.
 

Therefore, the most basic economic parameter of interest to 
farmers
or to society as a whole is the overall
relation cost of the water development in
to the land area to be served--the per hectare cost.
than the possibility that altering the size or 
Other 

including storage) might affect on-farm per ha 
type of project (say,

development costs, thereis no necessary link between project scale on-farmand technique. On aper hectare basis 
some small 
projects are expensive, some large ones are
cheap and some underground ones 
can develop the same 
amount of water at
less cost than an alternative surface plan.
 

Usually the local 
 natural resource endowment
engineering solution to be applied. 
determines the 

pumping be 
If there are no surface sources,may the only option; if all of abeen developed, transmountain 

river basin's supplies havediversions may be the only technologicaloption to obtain more water. 
 It is not unusual
able technological to have only one reason­choice available atusual to two 
one time; it is probably lesshave (although this is a common situation in Haiti, asalluded to above).
 

Nothing can be much cheaper from the standpointtreasury than some the of Haiti's publicof small, private systems. This is not becausesize itself is the important factor, b:t rather that if they are more or
less built and maint.ained by hand,
could have 

they are simple; otherwise, theynot beepi
important 

financed by available private resources. Mostof all, if they fail there is little or no sense of drainingthe national exchequer.
 

Anything the public must pay for in the way of irrigation develop­ment can be measured in the first instance on 
the basis of relative cost
per ha, allowing for initial investment plus subsequentburdens. public O&MThe most direct economic tie to cost per hectare is degree of
complexity. 
 Each additonal 
 feature 
adds cost; diversions
ambitious, dams are may be
expensive and interbasin 
transfers
expensie are the mostof all. Expected O&M burdens also are influenced by thedegree of complexity--checking 
 and measuring deliveries, adjusting

turnouts, etc.
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Experience has shown that investments of $2,000 to $2,500 per

hectare (excluding O&M) are at the upper range of affordability,
regardless of international location, if fairly common crops are to be 
grown. 
 There is a trade-off between quality of initial construction and
 
subsequent O&M requirements. Long-lived distribution systems "bear"
can 

more investment burden than can short-lived dams.
 

Suppose a new $4,000,000 barrage is placed on Riviere rise and 
that 9,000 ha actually will be irrigated versus the 5,000 ha ai -?sent.

The effective per ha cost will be about $1,000 ($4M/$4,000). .,. first 
glance this is not too bad. But O&M financing will have to be expanded

to 
the whole system (an adequate rate would probably be $40 to $50/yr.),

and the barrage may have a short life--20 years would not be out of 
reason. Still, cost hectare would notthe per appear unreasonable if 
the assumption about the effective net increase in land area is 
correc--

It may not be. The question that needs answering is, "How much more 
water will the barrage actually be able to capture?" A new barrage will
 
not change the river flow patterns, runoff intensities, or peaks, from 
what they are now. The annual cost/additional ha for 20 years would be
about ($101.78 + 50.00) = $150/yr. A bulldozer barrage (BB) might
accomplish the same purpose for $75/yr. (incl. O&M) and, if no new land 
is brought in, a BB would cost about $13/yr/ha for the existing
 
5,000 hectares.
 

Development of potential groundwater sources may add some

4,900 hectares of cropped land, as suggested earlier, under full irriga­
tion. If the average pumping lift were 
20 m, irrigation efficiency 50
 
percent, pump efficiency 75 percent, and if a 50 hp diesel engine were
 
used for power; then 118 hectares of land could be fully irrigated, with

each pump set supplying 143 lps (see Annex F for supporting calcula­
tions). The estimated annual cost (capital recovery plus O&M) of
 
operating such 
 a plant 3,000 hours each year, under western U.S.

conditions would be $107/ha. A conservative escalation for Haitian 
conditions may be three times that amount, or $321/ha.
 

The potential area of 4,900 hectares would thus cost $1,572,900
each year to 2perate, maintain and recover the capital investent in

wells and pumping plants alone, assuming no inflation in annual O&M 
costs. The initial capital investment is approximately $400/ha for 
these assumed conditions. 

Note that the pumping figures do not allow for any conveyance
system O&M, but the annual amount per hectare may be assumed to equal
the requirements for other systems (if they are maintained). Thus, on

balance, the 4,000 marginal hectare inside the commmand area of the 
Riviere Grise might be brought into use for annual outlays below what
pumping would require--if the run-of-the-river supply is really avail­
able today. (The WMS tTTeam was unable to review the TAHAL estimates
 
on this point.)
 

Calculations of this sort illustrate how difficult investment
 
choices can be. The amount of land in either case is about the same. 
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The barrge, not unexpectedly, represents heavy hectarea per initialinvestment relative to wells; annual O&M on the pump sets is a bigoffsetting factor. Under U.S. conditions and price relationships, themoney costs would not be significantly different: $150/yr. for thebarrage versus $107 + $50 (conveyance O&M) for the wells. Given theHaiti situation, a big factor would have to be added to the cost ofwells and the barrage turns out to be a waste if more land actuallycannot-5- brought under full irrigation. There is no clear-cut answerbecause the data sources and information base are not clear-cut. 

Factors other 
 than simple cost comparisons which should

considered when dealing with wells include 

be 
availability and source ofcapital and maintenance funds; (outside donor or domestic); andavailability and availibility of spare parts and trained mechanics 

fuel
atreasonable prices. potentialThe yield of aquifers, which must beadequate to supply demands of pumped wells, is unknown at present inmost of Haiti. There seem to be some indications of trouble for pumpedgroundwater in Haiti in the area of energy availability for electric 

motors 
as well as diesel. Urban consumers seem to demand as muchelectric power as is produced. This explains why the above comparisons
referred to diesel only. 

Thus, while relative investment cost per hectare is the simpleeconomic criterion for 
ranking projects (if expected cropping patterns
are about the same), other 
pertinent questions must be addressed in
individual cases. In the ODVA zone, to mention an example, O&M costs 
are $95/ha/yr, exclusive of any investment recovery.
 

Working or Workable Institutional 
Arrangements
 

Apparently, a simple juxtaposition of land, labor and capital
not enough to make irrigated agriculture successful 
is
 

because of many of
these factors having been brought together around the world with mixed
results. It is now clear to everyone that institutional arrangementsplay a major role in irrigation project performance. Experience hasalso showi that only certain arrangements work. Examples of workingarrangements exist in Haiti, and a brief description of specific
situations will 
show what we mean.
 

High Degree of Cooperation. 1) Abraham system in Fond des Negres
area has 
a drainage water collection source. Consequently siltation and
structural failure minimized.is Cleaning is not a burden. A lot ofrice can be raised. Some recent maintenance had been carried out.Probably the arrangements had been made by the irrigation district
officials who get along well with 
users. Discussions 
with users
revealed that there was ample water for all (Photo 7). RULE: "Excess 
water takes the tension out of user interactions." This is one ofseveral reasons why project 
evaluators do like see
not to 
 water
 
streached too thin.
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2) Barettes system in Petite Goave is a run-of-the-river system.
The main structure is in fairly good repair. Two years ago the preserI

engineer (assigned by the Irrigation Service) arrived. He required

every user to declare the amount of area to be irrigated, adjusted
planned deliveries where necessary, and set up a schedule of water turns
wherein each plot received water on the same day of the week at the samehour. Signed "turn cards" were issued for every plot. The engineer
stated that some "stronger" owners struggled against the new system but
 
were brought into line. The users were cleaning the system at the time

of the Team's visit. Apparently no difficulty had been encountered inorganizing the effort. Some food For work had been distributed (rice),but district officials stated that everyone understood that the distri­
bution was a one-time thing. The engineer was clever. He gave slightly

longer water turns at head end of ditches as an inducement to those plot

owners to share in cleaning that cannot benefit themselves. RULE: Make 
a, equitable distribution of available water resources and make a 
commensurate requirement for the labor or cash burden of obtaining the 
supply. 

High Degree of Control. At Leogane the local 
sugar mill management

(parastatal) desired a firm supply of cane for processing. Energy and 
resources, therefore, had been 
invested in the local irrigation system.

Whether the capital 
for new headgates and some other reconstruction were

supplied by firm through the Waterthe or District was unclear. The
canals had been cleaned and water was distributed to laterals on a
strict rotation system. Several Syndics were directed by a"controller." The ditches .,iere patrolled every day. Water allocations 
were being enforced by means of heavy pressure on Syndics by the firm's
 
management 
and by a full-time "extension adviso'rstationed in the
system by Damien. All of these Ministry people were getting salary
supplements (from the firm?). Violations in water use had occurred, and 
the offenders were immediately taken to court and fined. 

At present, when the canals needed cleaning, the controller told
the extension supervisor who verified the facts and demanded money from

MARNDR. When it arrived, the controller recruited a work crew and payed

according to contract. The firm was supporting efforts of "Action 
Communitaire" organizers who had divided the users into groups who
eventually served as the contractors (apparently for less money) on the 
primaries and secondaries.
 

This system would work because everyone knew his place and human 
and financial resources were available on demand.
 

According to Mr. Flambert, the new Minister of Agriculture at the
time of the Team's visit, all irrigation systems could have their
operation straightened out by following the same pattern. Once any of

them are running in an orderly way, only a few technical people (i.e.,
powerful) are necessary to maintain control. 
 It is unclear how MARNDAR
will find the O&M funds necessary to replicate the model. RULE: Naked 
power can also be used to enforce equity in water distribution--the 
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outcome depends on the rules made and their logic and constistency in 
application.
 

Given these two polar examples, readers may infer a kind of
 
institutional continum along which various tradeoffs can be made, hoping

to end up weighted toward a high level of cooperation. But such a

continum is not a very realistic mental image because as a little
reflection will show, most semi-functioning irrigation systems are

somewhere on just such a continuum--and indeed, either polar extreme is 
probably better than anywhere in the middle. 

There is, however, a third institutional arrangement, a third pole,

that may be of service in the Haitian situation. (The arrangement to be

described is not unknown, but it is not a part of the literature on
irrigation development and appears in this report and this context for 
the first time so far as is known by the WMS II Team.)
 

Order Through Law. Utilizing funds supplied through the German 
Council of Bishops, DCCH (Misereal), a local organization in Les Cayes
has undertaken renovation of the Canal Avezac irrigation system. The

potential command area at this stage is about 1,800 hectares. Over
20 habitations were affected. Until recently, two 
expatriates, an
 
agronomist and engineer, were supervising technical details. The agron­
omist, with the help of Haitian district engineers is trying to wrap-up
the the organizational details, provide some consultation and put the 
system into full operation.
 

Considerable effort has gone into calculating the amount of water

that will be delivered to each hectare per water rotation (.08 lps) and 
turnouts have been sized accordingly. Meetings have been held with
various user groups to explain the new regime. For example, the DCCH
has prepared a model set of bylaws for users and groups which it hopes
to have approved by Damien. Users have been told they will have to 
abide by the new rules, part of which involve paying $20+/ha/yr. for 
water received. 
The aim is to make the entire system self-sustaining.
 

A zone containing seven habitations has been chosen for pilot

operation of the measured distribution/user tee scheme. At least two of

the seven habitations have been getting water, essentially for nothing,
all along. The others are eager to get on with the program and want to 
pay the proposed fees. Until now the "upstream" groups have said
nothing, apparently going along with the outlet sizing, the idea of 
formal membership bylaws, payment for O&M, etc. However, once it became
 
apparent that the sponsors were serious and that things were going to 
happen, they balked.
 

These "head enders" have been enjoying such ample, free water that
they are raising rice on lighter textured soils while other habitations 
get nothing. 
They are now faced with having to give up rice production,

to have their water "metered," and pay for what was formerly free. They

not only refuse payment, but they also might be able to get more water 
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than the pilot plan calls for if they use force to obtain it. If they 
are successful in thwarting the pilot trial, there is a real possibility
that much of the effort for the entire scheme plus $1 million or more of
 
donated money will go the way of past investments, since future O&M will
 
not be carried out.1
 

The sponsor group made a fundamental error in not foreseeing that 
this outcome was inevitable. They missed their chance to apply govern­
ment threats (in advance) and put pressure on those who would be bound 
to lose some benefits in order to do what is necessary for the greater
number. (A sponsor group from the western U.S., where the "sociology"
of irrigation is well understood, would have known what to expect and 
would have not spent any money without having some official guarantee 
that all users would be held in line and that early agreements would not
 
be breached.) See Annex C.
 

The WMS II Team could not have asked for a better demonstration cf 
an important thesis than provided by this example. RULE: Order~y
operations of large or complex systems require users to adju:;t
individual actions to the dictates of a collective; planners ignore t1le
"sociology of irrigation" their risk. thisat own But example has 
other, even more important, lessons.
 

Substantive aspects of "law" were ready to be put into place; users
 
had agreed to bylaws of operation which implied water allocation rights
for each plot; (the entire group--due to existence of the canal--already

held traditional rights to river flows); government authorities had been 
asked to "ratify" the bylaws (such concurrence would have created an 
additional line of argument concerning claims on water service as well 
as a new precident in establishing a mechanism for enforcing equity
within the system laterals). All of these factors form the foundation 
of an institutional model that needs only elements of land and water 
rights registration and national or regional enforcement mechanisims to 
be complete. This model for obtaining national social benefits from 
water "duty," while maintaning harmony and equity within irrigation 
systems, operates everywhere in the western U.S.
 

Summary. As we have seen, individual actions inside an irrigation"collective" can be regulated by volunteerism or by force. They can 
also be controlled by law if clearer notions about rights and responsi­
bilities are spelled out for administrators and technicians as well as 
farmers. This is the third way. 

'At the time of the Team's visit, the sponsors appealed to the new
Ministcr of Agriculture to step in and control the situation so that the 
program would not be disrupted. After this was written, the WMS II Team 
learned that no official action was taken. The sponsors were "left out
 
on a limb."
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Consideration of ArgumenLs Concerning What Can Be
 
Accomplished Through Irrigation Development
 

The brief observations which follow are reactions to certain 
arguments noted as part of the WMS Team's document review. They are 
intended merely to suggest questions or clarifications of certain points 
in order to illustrate the Team's frame of reference. 2 

Strong Water User Organizations Can Reduce
 
or Eliminate the Need for Public Subsidy
 
of Recurring Costs (USAID 1984)
 

In the case of irrigation works, which always need constant 
attention in greater or lesser degree, GOH has provided some technical
 
staff in the Irrigation Service and the Irrigation Districts, and
 
varying levels of day-to-day operating budget. The need for major 
injections of new capital to prop up the system have been handled by 
appeal to donor support--in a situation where lots of other recurring 
costs must be covered if the assistance is to have long-run impact. 
Since the GOH has shown no willingness to foot the bill from the general
 
exchequer or via user charges (cf. Hauge, 1984), the natural inclination
 
is to ask whether there might not be some other way to induce users to 
take over significant maintenance chores (which can be labor intensive)
 
on a group (voluntary) basis and possibly pay other operating costs as
 
well.
 

Where there is a strong need for food security that is highly 
dependent on the availability of irrigation water and where the systems
 
are relatively simple (a diversion and a ditch), such groups form 
themselves naturally and assume the neces.=ary responsibilities (LeBaron, 
1984). This holds true in many Haiti;.n situations, as described by 
Hauge (1984) and observed by the WMS II ;'eam. But when systems are more 
complex, i.e., too many villages, or w3/ien the varying moisture demands 
of a wide range of crops need to ba met, or food security is not 
critical (good rainfed agriculture in American Midwest), cooperation 
becomes difficult and the requirementp of users to abide by the rules of 
a collective organization are achi/eved only by respect for law or 
through brute force. / 

Complexity works against in;ier-habitation (inter-group) coopera­
tion within Haiti's larger pub,"lic systems and autonomous agencies 
because there is two-way lack of 'respect for law and persons. (This has 
been verified through discussio~ls with individuals knowledgeable about 
the Haitian irrigation scene and is amply documented by Hcauge (1984; 
TAMU, 1983; Hargreaves, 1982; Stutler, et. al., 1983).) 

2 See Annex E for discussion of other selected aspects of GOH and 

donor policy in the agriculture sector. 
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Presumably, legal demands upon users to participate in cleaning
activities could be enforced through the political system extending to 
each Section Rurales, or, the Leogane model described above could be 
invoked if government authorities so choose.
 

However, there remains the question of why need for food security
would not itself provide sufficient stimulus to call forth a lot more 
group motivated ditch and canal maintenance effort? No doubt several 
factors explain why this does not happen, but the root causes seem 
fairly clear: (a) a great deal can be accomplished on a rainfed basis 
if the ditch runs dry; (b) basic subsistence is supported by many 
alternative food sources; (c) individuals and groups cannot really 
capture the benefits of their maintenance efforts; and (d) some farmers
 
on the head-end of the systems get water in any case.
 

The generil solution where the interlocking groups cannot assume 
responsibility for mairtenance is a system of differential assessments
 
correlated with water received. Unfortunately, this might be an
 
expensive and difficult administrative hassle until a way can be found 
to put the chief collection burden onto villages or groups and until 
there is high level political determination to earmark funds and require
 
commensurate shifts in bureaucratic mentalities.
 

The WMS II Team heard comment to the effect that the autonomous 
development agencies are "working," especially in connection with ODVA.
 
Presumably this refers to the fact that the physical acts of maintenance
 
are more or less being carried out. Hauge has shown and the BID and FAO
 
representatives in Haiti have confirmed that although the charges
 
collected are better controlled, and rates are set at much higher levels
 
than the national average, and amounts collected are roughly 50 percent
of what has been ass-ssed. Moreover, even if 100 percent collection 
success were 
achieved, the total would be one-sixth or one-eighth of
 
what is actually being spent for O&M alone. How much more would be 
required in addition to amortize capital costs (even at concessionary
 
loan rates) is open to conjecture.
 

Bottlenecks in the Existing 

Irrigation System 

• Inadequate maintenance;
 

* Irregularity of supply; 

* Inequities in allocation; and
 

* Low quality of un-farm water management (Hauge, 1984).
 

All of the elements identified by Hauge are playing some negative 
role in the irrigation subsector. However, in some situations the first
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three do not seem too important. 3 These are the cases where irrigation 
structures are okay and supply irregularities are due solely to seasonal 
river flows, not human cussedness. In situations where maintenance,
irregularity and equity are important, the surest way to permanent 
progress would be to obtain the distrust and lack of tenure security out 
of the rural social structure. 

The quality of on-farm water management is very important--yields 
can easily be doubled with the right tillage, soil conservation and 
water application practices. However, skills vary from place to place.

There is little or no hard data in any of the documents studied by the 
WMS II Team. Some farmers are using techniques which, in association
 
with some leveling, would run their on-farm application efficiencies 
towards 90 percent.
 

As mentioned earlier, once enough trust is put back into the soci­
ology of the irrigation network by even-handed application of law and 
administrative procedures, the systems must be productive enough to
 
stand water user fee collections to keep them up to standard. This 
should be possible, since vegetables and other valuable crops can be 
grown, or good yields on staple crops can be obtained. As hinted above,
this process should lead to some price benefits for consumers. (Hauge 
was quoted earlier that members of co-ops depending on pumps are paying 
as much as $200 plus per season to obtain a bean crop--apparently this 
is per hectare; as much as $20/carreaux for a single irrigation is 
passed among individuals in the Les Cayes area when water is short.)
 

More Irrigation Infrastructure
 
Will Increase Output 

It is necessary to make clear on what is meant by new infra­
structure. The WMS II Team visited systems where expensive new
 
construction was proposed, i.e., new intakes. Replacement .iay not 
affect crop output to a significant degree. Other projects proposed
involve rehabilitations of another sort; they might make more water 
available and therefore enhance output. Some crude estimates of what 
might be expected from canal lining, for example, are included in the 
next section. New water and land combinations utilizing new technology

have potential if the arrangements are economic. In any case, some
 
additional output should be attainable.
 

In the event more land can be irrigated, the discussion of domestic
 
market absorptive capacity applies. Other output growth conceivable
 
could be absorbed in the form of exports. But with sugarcane in the 

3Nader claims that many laws are ignored by the "controllers"
 
(ditch riders), especially in the systems where "large and small farmers
 
must co-exist" (1984).
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doldrums and no 
banana trade, exactly what besides coffee is exportable
 
must be considered. Some current and potential export crops are not
 
irrigated given present state-of-the-art. Some are highly destructive
 
of the hillsides. 

Markets (Domestic) Can Absorb A
 
Large Increase in New Output
 

The draft Title III Project Paper argues that "There is much room
and great need for increases in the local food supply" (USAID, 1984).
Part of this contention is based on estimates of nutritional shortfalls
 
and part is based on estimates about food demand growth (Kite and Pryor,
 
1984).
 

Shortfalls in nutrition, even if correctly documented and expanded
to encompass the total population, do not necessarily translate into 
taste and preferences and effective demand in the marketplace. It is

doubtful that the real nutrition situation in Haiti is known; cross­
checks from consumption patterns are not available (Berg, 1984; Kite and
 
Pryor, 1983) and crop and livestock production figures are unreliable as
 
well (USAID, 1984).
 

As an example, we would expect lots of undocumented sugar to be 
entering rural diets. This .might be picked up in a nutrition sample,
but would not show up in other data sources.
 

It is natural to expect the nutrition of consumers in general to 
improve if food prices are lowered, due to some subsitution and income 
effects (an increase in quantity demand). But since the food policies
recommended to USAID/Haiti involve greater cereals imports, not less,
there may be little or no demand "gap" for farmers to fill. Actual 
domestic markets may not be able to absorb too large a jump in domestic 
cereal production after all. Is expanded irrigation production to be 
concentrated in "high valued" crops?
 

From the standpoint of raising farmer incomes the conservative 
position is to exploit growth in the domestic market '. a rate which
barely keeps pace with demand growth and holds imports out. This might
be 2 to 3 percent per year for basic staples and 4 percent for products
linked to future higher consumer income elasticities. The potential
impacts of many small farmers adopting new technology must be carefully
evaluated in relation to the size of their usual markets. Export
markets will grow at their own pace (Keller and LeBaron, 1983). 

A related point is that not all farmers in a small country can get
rich at the same time unless a majority share and specialize in well­
developed foreign markets for primary or agro-industrial products. To 
the degree that some get rich, others will be driven from the land.
This is why the notion of self-sustaining subsistence agriculture for
large numbers of small families (say, through colonization) is not an 
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option to be brushed aside. For example, many South American nations 
have virgin territory available or estates that might be opened up to 
the landless. Haiti does not really have such an option. Off-farm 
employment opportunities and rapid non-rural jobs expansion are badly 
needed.
 

Barriers to Agriculture in General 

* Sparsity of new technology; and 

* Lack of O&M in existing irrigation systems (Berg, 1984).
 

Usually firm markets are all that are required to induce adoption 
c, new technology. This applies to rainfed as well as irrigated 
situations (Keller, 1984). How well this applies in Haiti is difficult 
to infer from the available data (USAID, 1984; Werleigh, 1983). Prices 
appear to be pretty good. Security of land tenure may be imagined to 
weight a large number of holder farming small decisions regardless of 
prices. Even if appropriate technology were available, only the 
elements that could be gotten in and out of production fast might have 
any management appeal. 

The irrigation O&M and policy barriers have already been reviewed, 
but it cannot. be stressed too much that the long-run viability of 
Haitian basic grains production depends upon bringing real resource
 
costs of production into reasonable balance with international prices. 
A country as dependent as Haiti upon its agriculture sector must
 
recognize that an enormous jump in efficiency is required, not so much 
to run yields up, although that would be good, but to simply cut unit 
costs of production as well as to make better use of the resources 
already committed and to gain elbow room to break out into new and 
better exports. The overriding requirement for turning Haiti's 
agriculture sector around is dedicated, powerful and correct leadership. 
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SECTION TWO
 

IMPLICATIONS FOR SUBSECTOR PLANNING AND DEVELOPMENT
 

Data Base For Subsector Planning
 

One of the major prerequisites for rational planning in the
 
agriculture sector exstence adequate data in a
is the of an base,

retrievable form. This should include biophysical and socioeconomic 
information. Desired data include the following:
 

Meteorologic 

Daily maximum and minimum temperatures and rainfall are a minimum 
which should be obtained in all significant irrigated areas. Solar 
radiation, humidity and wind run would be adequate if obtained on a 
daily basis at Les Cayes, Port-au-Prince and Cap-Haitien. 

Hydrologic
 

Daily average streamflow and flood peaks of major rivers in each 
region of Haiti. Monthly or quarterly spot measurements of smaller 
rivers and springs supplying irrigated areas in excess of 25 hectares or
 
so. La Peligre inflow, outflow and storage levels.
 

Soils
 

Reconnaissance survey of arable and potentially irrigable land is
 
required where texture, depth, structure, bulk density, soil moisture
 
properties, soil fertility and salinity parameters, erodibility and some

dynamic properties are determined for purposes of feasible agronomic
practices, and watershed management. Eventually a detailed compre­
hensive soil survey is needed for the country in order to be able to 
recormmend proper land use plans.
 

Land Use
 

There appears to be no known determination of actual irrigated area
 
in Haiti. The Team observed that actual area in some systems was 1/10
to 1/20 of what was shown in Min.;try of Plan official tables. The 
first estimate of irrigated area could come from infrared photos taken 
in February, 1978: (refer to the discussion of "Haiti Irrigation
Potential" above). Field checks could come from local Syndics. 

Non-irrigated upland should be estimated andarea also assessments 
made for proper land use.
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Socioeconomic
 

The data base for agriculture 
 sector planning or strategic
forcasting is very weak in Haiti. Various statistics are collected bydifferent GOH agencies, but for agricultural sector planning purposes,import/export figures and selling prices
product in certain markets
 appear to be the only ones available on a regular and accurate basis. 
National crop and livestock production and hectarage data are
inaccurate so total availabilities and apparent consumption are guesses.
Nothing in the literature reviewed contained references to animal feed 

consumption.
 

Rural and household consumption data are not available 
as cross­checks; demand/supply forecasts are very difficult to make; elasticityvalues are crude or wrong. Agricultural census data is out of date and
inaccurate (Zuvakas, 1980).
 

It is unlikely that value added estimates for the agriculturesector are accurate; a macro view of the whole sectr is difficult toformulate. Population statistics are estimated but rot everyone agrees
with the results. 

Apparent Conservation Opportunities in Irrigated Farming 
Much attention has been given by government, private and inter­national agencies on improving the irrigation structures and on
repairing old non-functional systems. Yet no remarkable success hasbeen achieved so far in many places either -n rebuilding or to preventsubsequent damage by proper watershed management. On the other hand, in
places where structures are functioning, although with inadequatemaintenance, itisbelieved that limited parpllel efforts are being made
to improve the agronomic practices in the sj,;tems served. If improved
techniques are combined with water availability in the right propor­tions, large yield increases are possible. Infrastructure and other
services complete the picture and ensure success of the 
irrigation
program. 
 The following suggested conservation opportunities are based
 on interviews and from review of available documents.
 

Soil and Crop Management Practices
 

Land preparation could be better improved to fit region, crop andsoil factors. Plowing parallel to the contour for field crops willstill pay in most areas (during the rainy season) because it optimizeswater storage from rainfall. Land leveling in rice fields helps tominimize erosion and cut down on 
fertilizer losses as as
well ensure
higher water application efficiency in the plot. Also important isleveling insandy soils where field crops are planted to reduce erosion.
Productivity of very gravelly soils should be evaluated to determine 
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whether it is feasible to irrigate those lands, especially for rice.

Burning of plants on hills and irrigated fields should be avoided 
because of its detrimental effects on perennial crops. 

Fertilizer and Chemicals
 

Fertilizer and chemical pesticide application should be encouraged
where production benefits may be realized and methods are controlled.
More attention could be given to the fotjis of fertilizers used and on
the rates applied after considering soil properties, climate and crop.

Amounts of supplementary irrigation should be considered very carefully
because of their effects on fertilizer efficiency. Farmers seem to be 
aware of the importance of fertilizers and other chemicals but cannot 
apply them because of lack of credit.
 

Improved Varieties 

Alternative crop varieties and types could be considered. Produc­
tivity was boosted significantly (CIMMYT) by introducing new varieties.
It is understandable that farmers often prefer local 
varieties for taste

and market purposes; however, this can be compensated for in breedingprograms. Emphasis could be put on testing seeding rates and dates of
planting for .different crops in different regions considering climate,
soils, and market so as to optimize production. It is desirable to
utilize what has been learned in the Texas A&M, CIMMYT, Damien and other
 
crop research programs. The 1983 report evaluating the Research and
Extension component of PDAI (Martin, et al., 1983) emphasises the need
 
to increase the amount of new seed available. At the time of the WMS II

Teams's visit, USAID/Haiti was beginning the implementation of such a 
program (Wahab, 1983).
 

Apparent Irrigation Resource Opportunities
 

Field observations and discussions 
with various groups suggested

that there are possibilities for improving the utility of existing
irrigation resources. Those opportunities which were noticed by the
 
WMS II Team are presented, in no particular priority.
 

Structure Siting
 

A few structural failures apparently have occurred 
because of
unstable foundations or highly erodible embankments. The rehabilitation 
of existing or design of new structures at such sites should be reviewed
by a competent geologic/soils engineer. Particular attention should be
given to appropriate wing walls and cutoff curtains to minimize damage
potential from overtopping or piping (Photo 8).
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Diversion Structures
 

The irrigators along the 
Ennery and Jacmel rivers, as well
other places, have been an 
as atusing effective alternative to concretediversion dams. They 
use a disposable, easily rebuilt 
rock barrage
which they construct at the beginning of the dry season, or whennecessary followina floods. These rock dams are capable of interceptingall the river flow, or at least what the farmers need. In otherlocations (Riv. Grise, Riv. Blanche, Leoganes) bulldozers such as aD6 caterpillar have been used to rebuild gravel barrages after eachflood. The WMS 
II Team recommends the "bulldozer barrage" (BB) concept
as an economically viable alternative to continuing reconstruction ofmassive concrete structures such as have 
been repeatedly inundated by
gravel at Riviers Blanche 
and Grise. A recent engineering study
contemplates a $4 million concrete structure at latter Pastthe site.experience at that site with hurricane and other flood damage suggeststhat the expected structure life may be five to fifteen years. 

With an assumed 10-year life anand interest rate of 10 percent(capital recovery factor is 0.16275), the annual capital repayment is$651,000 on the $4 i*illion dam. A 200 hp bulldozer (D7 caterpillar)currently costs $180,000 at PAP; 
assuming a 10-year life and 10 percent
interest the annual payment is $29,300. Local DARNDR technicians esti­mate that the rock dam may toneed be rebuilt up to 30 times each year,which may amount to 200 operating hours for the bulldozer. A generousestimate of fuel, operator, transport, storage, maintenance and spareparts would be about $15,000 per year. The total cost of the BB 
at Riv.
Grise would thus be $44,000 per year, or about 1/15 of the coicrete damcapital cost alone. 
The work might be subcontracted locally for similar
costs. It is probable that the benefits, i.e., same amount of water
diverted, will 
be identical 
for both alternatives. The potential cost
savings multiplied throughout Haiti 
should be obvious.
 

Sediment Exclusion Devices
 

All large, and many of the smaller coocrete barrages, were builtwith sluiceway channel and 
gates. These were designed to be opened
during flood flows 
(canal inlet gates closed) to bypass bedload gravel.
More attention 
 should be given to correct operating procedures,
including employing trained gate keepers at the sites, in orderrealize the desired reduction in canal maintenance. 
to 

In some cases
extensive repair 
is required on the radial sluiceway gates 
to reduce

leakage when closed.
 

Closed conduits and siphons 
should be avoided in situations where
entrance of sand and gravel is likely. It is impossible to cleanpipelines of any length over 10 feet by locally available technology. 
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Conveyance Channels and Distribution
 
Structures
 

Canals on most of the large" systems are masonry-lined down throughthe end of the primaries. The smaller systems and secondaries andtertiaries on the large systems tend to be earth channels, but with masonry control structures in some places. Some new earth-lined canalconstruction was observed in sandy and gravelly soils in Les Cayes and
Leogane areas. To the extent 
that downstream recapture and reuse of
 seepage losses may be possible and adequate water is available, masonry
lining may not be beneficial. However, in situations where distribution
equity can be improved through the use of masonry control structures onsecondaries and tertiaries, the incremental benefit may justify the 
cost.
 

Operation and Maintenance Procedures
 

The concept of preventative maintenance appears to be unknown in

Haitian irrigation systems. The only possible exception may be in ODVA,
where the main canals are reportedly cleaned twice a year. A signifi­
cant improvement could probably be realized if the DARNDR budget for O&Mstaff and equipment were significantly increased. Training programs
should be instituted to upgrade the abilities of Agronomes and engineersto develop O&M programs. Some improvement could be realized by
modifying the Syndic's job responsibilities to include routinemore

patrol and maintenance and less tax verification or, better yet,

increase the number of Syndics.
 

The use of manual labor to clean canals and ditches at low flow
periods is recommended in most situations. However, on the large canals
at ODVA, which are cleaned while full, machinery is required. A narrowbucket backhoe was observed cleaning one of the ODVA canals. 
 There are
 more effective ways. One such improvement would be the use of a1-1/2 to 2 m-wide blade bucket mounted on telescoping boom machine such 
as a gradall.
 

Placement of debris removed during cleaning shouldoperations besuch that it is not likely to get pushed back into the channel by localfoot traffic. While aquatic were nosome weeds observed, significant
problems were evident. 

Measurement of Irrigation Water
 

The measurement of water in irrigation conveyancean network isimperative for equity reasons as well 
as for resource accounting. Daily

measurements of water inflow should be made at the inlet of allirrigation systems larger than 50 hectares supplied as 
run-of-the-river.

Measurements within any systems should be taken to the level of unitcommand area (UCA) where 50 to 100 ha are served by one or more primary 
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canals. Measurements on springs where daily variation is reduced may be
 
performed on a weekly o- biweekly basis. Repnorts should be compiled and
 
forwarded to regional authorities at monthly intervals.
 

Recent improvements in broadcrested weirs for irrigation canals 
(Bos, et. al., 1984) are cost effective, locally buildable and accurate 
devices suitable for Haitian conditions. In many instances, if existing

weir pools were cleaned out, accurate measurement could be made
 
immediately using textbook formulas.
 

On-Farm Application Efficiencies
 

Observed application distribution efficiency in small basins 
(1/2 x im up to 2 x 4m) was estimated to be 50 to 60 percent. This is 
as good as many U.S. sprinkler systems achieve. Improvements could be 
realized by eliminating water flow through the basins and by dead 
leveling within basin. the size be tothe Also, basin should matched 
available inflow stream such that the water advances across the basin in
 
one-fif-h or less of the total irrigation time. With these changes
uniformity efficiencies in the 90 to 95 percent range could be readily 
achieved by the farmers.
 

Furrow irrigation is not generally recommended to these small plots

because it is hard to manage by hand. The correct match among stream 
size, slope and soil intak3 must be realized by the irrigator for 
effective management. Thus, it may not be feasible for small farmers to 
irrigate with furrows. 

Irrigation Scheduling
 

A significant factor in the effective use of irrigation is the 
degree to which the irrigati.ln water gets used by the crop. Irrigation

scheduling includes both the correct timing and the right amount of
 
water stored in the root zone. This requires proper integration of soil
 
water holding capacity, rooting depths and crop water use rates to 
determine farmers' There evidence
irrigation practices. is some that
 
excess water is being applied with too long an interval on medium to
light soils with shallow root zones. Crop yields could likely be 
increased in such situations by readjustment of rotation schedules to 
better fit the soil-water-plant interactions. However, labor require­
ments would likely be increased.
 

Appropriate/High Technology Potential
 

An appropriate new technology may be the introduction of small 
canvas dams similar to those used in the western U.S. These could aid 
water distribution to farm turnouts on smaller canals (secondary and 
tertiary sites) where masonry structures are not in place. 
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The Team noticed several places in the Central Plateau, Cul-de-Sacand north of the lower Artibonite Valley (for example) where centerpivots would likely work well if clean water is available. Such hightechnology is better left to the private sector to develop. There is
3ome potential to develop gravity pressurized systems.
 

Farmer Involvement
 

There are strong indications that where the farmers 
are involved in
the construction of irrigation infrastructure, they tend to be involvedin maintenance. They understand how to make the system work. 
 This may
be one reason why the small systems seem to be kept up by users.
 

Some Subsector Impacts of GOH and Donor Policy
 

Government of Haiti 
(GOH) budget resources at present will not
cover the recurring costs of development projects as they increase in
size and number (IDB, 1982). Suggestions which involve donor financing
of such costs have been made. 
 The fact that revenue increasing measures
such as water user fees or effective methods of income tax collectionhave not already been put into place by GOH is further evidence ofinstitutional incapacity to the
absorb development assistance being
offered (IDB, 1982,
1981, 1983). 
 Indeed, since much of the assistance
takes the form of grants as opposed to loans, the apparent lack of
success in maximizing the flow of project benefits must discourage and. 
dampen donor interest.
 

Inadequate Recurring Cost Budgets
 

As noted earlier, complexity of certain irrigation systems requiresthat maintenance be organized for water users by third parties, and that
funds must be availAble for this task. Technicians of the IrrigationDistricts and the Irrigation Service are not responsible for finding
funds.
 

Moreover, the 
failure to maintain infrastructure that is govenment
responsibility is new. ofnot A number project shortfalls due to lackof ongoing financial or human support, dating back 20 or 
more years,
were recalled 
for the WMS II Team by knowledgeable individuals.
Examples are centralization and standardization of marketing information
gathered by disparate agencies (1970s); donated health station materials
that are not matched by GOH, so they can go into operation (current);
what happened after SCIPA left 
the country (Werleigh, 1983). During
field trips farmers told WMS Team canal andthe II of cleaning
fertilizer purchase programs that 
ceased as as
soon international
 
subsidy was withdrawn.
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Subsidy (See Annex E)
 

Objectionable aspects of some 
donor policy go beyond the distorted
cost signals continued subsidy introduces into annual
the cropping
system. There is a wider impact on incentives for productive use ofirrigable land. anyIn situation where sharecropping and renting arecommon, refurbishing relatively expensive 
infrastructure at 
no cost to
owners 
simply makes it easier to 
hold onto 
land and wait for values to
rise. If owneran wants to do more with his land he always can but atworst he knows that if he waits long enough some international organiza­tion is going to come along, fix everything up again and raise landvalues another increment at cost himself.no to This is happening forthousands and thousands of Haitians, rich and poor alike. 
 The remedy is
enough taxation or a set of fees to move land into best use 
or force its

sale.
 

To outside observers 
 it would appear that most
the steady,
consistent support 
for farmers is provided by efforts 
 of private
volunter organizations. Of course a lot of subsidy is involved here too,
but it does have the virtue of being injected right at the poorest ofthe poor level. Spokesmen for two PVO orgainzations stated that theylook for thatprojects increase "labor productivity." This seems toimply something about not impacting wealth positions in real property,since both weregroups interested in farm animals and make a particular
point to stay away from irrigation schemes.
 

Quality of Analysis 

One positive note in the policy arena is a general absence ofattempts to hold urban 
consumer prices down at the expense 
of the
agriculture sector; however, certain proposals may(USAID, 1984). Basic alter this situationgrains prices are reported to be good. Whether
the prices have called forth a commensurate 
increase in production
apparently is open to question because the :laim is also made that fooddeficits exist and are worsening (USAID, 1984). If farmers are notpumping out food grains 
in response to prices
good it would
preferable to discover bethe cause before becoming totally committed to anew approach. Title IIIThe food policy proposed will have disastrouseffects upon rural sector 
income without any guarantee that offsetting
increases in non-grain agricultural production will appear. 

Shifting Recurrent Costs to User Organizations
 

One expressed aim of the USAID Mission's Title III proposalsfind a way is toto cut GOH budgeting pressures represented by long-run
recurrent costs. 
 In the case of irrigation investment programming, this
takes the form of a hope to shift maintenance and operating costs ontothe actual water users to the extent possible. vehicleThe most dis­cussed in Mission documents is the formation of viable, cooperative user
groups that are willing to undertake the necessary responsibilities.
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Demarcati ng Responsibility
 

Certain attempts along this line are 
under way (in Dubreuil)

involving "three tiered" organizations that are a direct result of AID

initiative. (According to statements 
by members of a team representing

the Land Tenure Center, it is too early to judge success.) The WMS II
Team would not expect any hiarchical model to be too successful due to

the complexity of the interlocking group interests that are 
found within

the perimeters of all but the smallest irrigation 
systems. 1 However,

this does not mean that the attempt to work with user groups should not
be made. According to Nader (1984) some attempts 
at user organizatien

have worsened the situation. Persons responsible for these progra,its

ought to press for the general right of such groups to organize and to

be legally entitled to collect fees and utilize them as 
the groups see
fit (Cheaney and Taylor, 1983; Stutler, 1983). 
 3ut even if these rights

are not granted there is 
no guarantee that individuals, their represent­
atives and super committees will always be motivated by a strong spirit

of cooperation; it normally takes a long period of time an
for irriga­
tion system such as Dubreuil 
"to settle down," eight to 12 ycars is not
 
uncommon.
 

The maintenance shortcomings in the (generally) larger, more

complex public systems 
or those especially difficult to maintain are
probably not so much due to institutional incapacity as to lack of means
 
to do the job. 
 It is true that there might be some improvement if the
 present Irrigation Service were switched to Ministry of Public Works 
or
if technicians were paid better wages, but no amount of institutional

modification is going to turn up a corrective as long as more resources 
are 
not made available to those responsible for the work. One source of

funds that comes to mind is irrigation water user fees.
 

Water Tariffs
 

Haiti has a long history of charging farmers something for watersupplied under state systems, although the amounts have been small.Table 2 contains data from 50 years ago that show collections averzging
well under 1 percent of the under of production. The compliance rate,

however, was quite high in these examples except from the users of the

Canal d'Avezac and possibly the Riviere Bois supply (for which data are
not given). Collections as a share of O&M expenditures were about 17 to
 
20 percent.
 

'The idea of solving mintenance problems by promoting hierarchies 
of user groups can be pushed only so far. Farmers who are getting water
have no reason to worry about those who are not (due to theft, cloggingor other failure in upkeep). Therefore, in the absence of "rights"
mentioned in the text, O&M must to arranged and coordinated at a higherlevel; that is to say, by Irrigation District staff. The staff, of 
course have minimal budget. 
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Table 2. 	Water tariff collections plus O&M expenditures as a share of

production values on State systems--1935-36 example (Gourdes).
 

Area Value of 
 Tariff 
 O&M Expenses
System Locality Commanded Crop 	 Tariff
Amount 	 Collections 

Collection
ha Production Set 
 Amount As Share of 
 As Share of as a Share
 

Production Admin. 
 Repairs Total Production of Expense
 

Riviere Grise 
 Cul-de-Sac 9,900 1,860,035 6,850 6,089 
 0.33%
 

Riviere Blanche Cul-de-Sac 5,000 973,612 1,975 
 2,214 0.25%1
 

e-> 37,189 2,131
Depuzeau etI 39,320 1.05% 26.00%
 
Palmiste Cul-de-Sac 3,450 918,157 2,286 1,855 
 0.20% -


Riv. Tomance et
 

co Verguier 
 Leogane Pl. 4,200 2,262,553 2,457 1,789 0.08% 
 9,459 4,051 
 13,510 0.601 13.UiJ1
 
Riv. Matheaux Arcahaie Pl. 
 2,200 362,846 1,061 
 954 0.26% 2,919 ­ 2,219 1.56% 33.00%
 

Canal Avezac 
 Cayes Plain 5,000 545,724 2,768 399 0.07f 4,064 1,611 
 5,675 1.04% 7.06%
 

Riviere Bois Artibnnite 3,000 
 - - -	 18,317 - 18,317 ­ -

TOTALS 
 32,750 
 71,949 7,973 79,742 6.00%* 
 17.00%*
 

(Additional area adhninist. 
 32,750)
 

k This value shown in source document.
 

Source: DGTH, c. 1937, p. 41.
 



It is interesting to note that 
a half century later both of these
 
ratios are in the range of similar calculations recently made in the
 
Dominican Republic. 
 In 1981, for example, FAO experts reported that the

collection of water 
fees as a share of O&M expenditures was about

6 percent. Ratios of the collections as 
a share of value of production

of selected crops in the 
same year ranged from 0.03 to 0.10 percent

(FAO, 1984). In reference to O&M, the collection ratios are a function
 
of the particular budget level that national 
leaders choose to set, and

therefore there is a risk that such comparisons are not very meaningful.
However, in this instance it may be assumed that both nations budgeted 
very little to O&M then or now. 

Currently in Haiti the water fees collected per hectare have
reached the equivalent of $11 to $12 in the ODVA zone and are $2 or $4 
elsewhere (if collected). In the Dominican Republic, by compa'ison,

although fees have been raised 
greatly starting with the 1984-85 crop

year, the ultimate level to be reached by 1990 is about $8 for non-rice 
crops and $16 for rice. On balance, therefore, Haiti's efforts atlevying and collecting water fees appear to be advanced relative to the
 
experience of the Dominican Republic.
 

Levels and Collections
 

This argument cannot prove very much by itself, 
but a relative

comparison with Haiti's neighbor can 
be useful in additional ways. The

Dominican Republic policy aim have users
is to the water cover O&M in
 
their local districts and sectors to the degree possible. 
 Annual rates
 may vary according to next year's O&M budget, Ps planned with the help
of the users. Rice growers have to pay twice as much per hectare as on
all other crops because they demand so much water. Collections, even at
the proposed higher levels, will be enforced because each 
District must

find its own money for the necessary O&M. Obviously, this is an

interesting model that might have application in Haiti if it proves

impossible to move very far in the direction 
of a system of individual

and group water user "rights" (as recommended by the WMS II Team). For

example, if the local 
District technicians have to announce each year's

fee level 
in advance and have to carry out the scheduled maintenance as
 
budgeted, they will 
have a strong incentive to make the collections.
 

How high can the annual fees be? 
 There is no exact answer to this

question. Some r .ent research into international experience has led to

the speculation that 5 percent of production value might be the magic
number. This not like but itdoes sound much, whether looks big or
small to an individual farmer depends 
 upon how many hectares he
 operates. In Haiti 5 percent generally would amount to $10-20/ha and,
coupled with a high compliance rate, would generate a tremendous

increment in O&M resources 
relative to what is available today. In Les
 
Cayes the 1,M; II Team heard of offers of $20 to obtain one "irrigation"

by rent irtrade at critical growing season times. Therefore, water can
 
become very valuable.
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The important issue is 
not particularly the level 
at which fees are
set, but who collects them, keeps them 
and spends them. 
 if thecollections from a District are not earmarked or matched by more or lessequivalent offsetting expenditures, no charging system will 
work.
 

Required Modifications in Water Institutions 

In those parts of the world where water must be conveyed from asource to a place of utilization, a high degree of management and social
control are necessary. 
 Haiti's original irrigation network was managed
and controlled by force. Water flowed in canals, fieldsand wereirrigated according to plan. Since that early time force has been less
of a factor except for some strong organizational interludes involvingplantation or pseudo-plantation operations on a large-scale. Nader(1984) states that the farmers "did not take up irrigation until themills shut The 
who 

down." results have been enumerated by many observershave studied Haiti's agriculture sector. The modern need is tosettle upon an arrangement that will impose orderly operation upon the
entire irrigation subsector.
 

Conflicting Demands
 

When we look to the future, what do we see? pressure on land and water resources. 
There will be steady,

What can be irrigated should be
irrigated if the cost structure 
is acceptable. Demands will be made for
more 
land to be brought under irrigation. Some existing water supplies
may have to be shifted to new irrigated lands, and existing users willbe unhappy. As depletions are 
increased, streamflows will 
be altered in
unexpected ways. 
 More and more water will 
be needed for industrial and
municipal purposes. 
 Making electricity may 
upset settled irrigation
routines. As time goes on, balancing of critical needs will demandattention 
 (DGSNDP, 1985; CONADEPA, 1985). 
 Expert information and
knowledge will 
 become more important. As the pressures mount,
general public the
will become 
more and more suspicious of the usual
political wheeling 
and dealing (although urban 
 users are usually
confident they will 
be accommodated).
 

Haiti needs to export more agriculture products if the agriculturesector is capable of responding. More domestic food will be needed.More commercial agriculture may be required in to suchorder achievegoals. This implies a different type of private sector farmer to manage
such enterprises.
 

Th,, way Haiti's irrigation network operates at present will betotally out of phase with such demands. There is a lack of order inmany systems, laws are not respected, regulations are not enforced, etc.
Volunteerism and cooperative effort goes some 
way to prevent chaos, but
that spirit has inherent limitations. 
 If brute force is ruled out, the
only solution is law and order--and it must be imposed from the top
down.
 

40
 



Enforcing Laws and Rights
 

Water laws and tenure rights need to be codified and enforced
(somewhat opposite position taken by Hauge, 1984). Individuals mustknow their rights and not live in fear that they will be abridged. A way needs to be found to organize land tenure and related records

according to actual ownership and location. All the past lack of 
accurate record keeping is coming home to haunt the Government of
 
Haiti.
 

At present there is no institutional structure that can resolve
impending water conflicts on a scientific basis. Haitian water law 
seems to be a mix of riparian aand appropriation doctrine. If thi. istrue, there will be a lot of potential for conflicts and overlaps toatshould be checked and rectified in order that a recognized, recorded 
system of water 
tenure rights can be evolved and judgments about new
water developments or requests for water can be handled according toaccurate resource avtilability information law.and At present, thereis totally inadequate. data to guide conservation and water policy in 
Haiti.
 

What is required is an independent office equivalent to what in the

arid parts of the L'.S.A wouid be called the "state engineer." This person has the power to adjust water allocations to some degree, within 
the law, and is resporhsible to foster equity as well 
as efficient use of

the scarce resource. He 
must balance equity against efficiency by
resortirg to the concept of "beneficial use." Customary rights to water
 
greater than what can be put to beneficial use may be adjusted downward.

Groundwater and surface water may be utilized in a conjunctive way toincrease efficiency. 
 Water cannot be diverted or shifted from customary

use without obtaining permission of this office. Exploitation of
 
certain 
resources can be protected for future generations.
 

The functions described must be met in some reasonable way or thewater management situation in Haiti will get worse, not better, as new
demands are 
put upon a vital public resource. Parallel arguments apply

in the case of watershed protection, although it is so easy to spell
not 

out duties of such a powerful office. 

Benefits of Irrigation Investment 

Haiti has had considerable recent success in utilization of labor
intensive methods for road building. At first glance there seem to be
obvious parallels as a mechanism for injecting investment in the irriga­
tion subsector. 
 And, in fact, any public investment in irrigation would

mirror the road works experience as long as the funds are available to pay maintenance crews in the same way laborer,; will tohave be paid for
continuous maintenance of roads. In reality, this is unlikely to happen

for two reasons, as set forth below.
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Source of Finance
 

In the first place, roadways, especially those that are welltraveled, occupy a grey area between investments such as for defense andeducation or certain types of environmental protection which have to besubsidized by the general public, who receive the overall benefits inreturn, and investments that benefit a particular group. Therefore, itis not unusual for roadways to be financed from general 
 budget

resources. This is why roads and electricity grids are popular andbeneficial tools of development. Even so, it is not uncommon to 
levy

motor fuel and licensing fees upon those who get the most direct produc­tion and consumption benefits from road use. (It is simple to measure
and sell electricity by the unit.) In contrast, it is less easy tocollect fees on a metered water use 
basis from irrigators. This is the
 
second reason.
 

But irrigation works do not occupy a similar grey area because aclear set of direct beneficiaries can always be identified. If irri­gators are really entitled to general public subsidy, rainfed farmers
could make 
the same claim. This is why correct social accounting is
 necessary when primary benefits are captured by a particular group (nottaxed; see Annex C). In the absence of a showing of clearcut overallsocial gains, why would urban Haiti want to bear the subsidy burden?:
(1) hold rural people in place?; (2) develop new regions?; or
(3) urbanites really want more food? If (3) applies, urbanites can beexpected to lowest options, mayprefer cost which eliminate expensive
recurring irrigation investment.
 

Limitations on Benefits
 

Although at least one study claims benefitsthe of upgrading amoderate sized system(s) are acceptable (Tahal, 1981), not much dataactually exist upon which to draw some wider, more general conclusions 
for the whole network. Some small systems seem to require simple, cheap
upkeep that should be amply rewarded in productivity gains but others
look expensive, and the benefits may not be as 
great as expected.
 

Some irrigation systems are fully functionalnot because they needto be cleaned or require some structural repair. They might be returned
 
to productive service at low immediate costs plus tolerable expectations

about Future O&M requirements. 
 But it should not be forgotten that most
systems in Haiti 
already deliver some amount of water to some amount of

land. Investment in reconstruction, refurbishing and in future upkeep
will call 
forth only that increment of production obtainable from lands
 
now inadequately watered. 
 This increment will be more or less what can
be obtained over and above the rainfed alternative, less any 
increment

the current level of irrigation is supporting. Sometimes the increment

will be substantial but other times not. This 
raises the possibility

that the marginal benefits might not cover even the improvement and 
upkeep costs mentioned.
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Irrigation in Haiti supplements natural rainfall and in some wet 
years is not much relied on, especially in the southern sections of the 
country. Levels of expenditures should be tailored to this situation,
yet still achieve the goal of pulling yields up. 

Admittedly, assured water supplies make the application of
additional inputs look more attractive. Still, the conservative

approach is not to value this possibility too highly in the short run.
Lots of areas which have adequate water at present continue to be famed
with fairly simple technique. The truth is that a lot of agricultural
value is coining off rainfed lands. 

As noted elsewhere, there are some extreme but important situations

in which big investments in structures will have very little impact upon

output and and incomes. Rivieres Grise and Blanche are in point.
cases

At present whatever water is in the rivers is being diverted to the
canals. Building new barrages will not increase the water into the
canals by very much. 
 These systems can probably be made more productive

by reducing transmission losses and by altering field application
methods where either or both 
 practices are cost-effective and by
reliable and equitable delivery to as many as possible.users 

Probably there is some in Haiti for
scope private irrigation

investment geared totally to crop and 
 livestock production on a

commercial basis. This thought is mentioned elsewhere in this report inthe context of future competitive demands for water and appropriate
technology.
 

USAID/Haiti Commitments in the Irrigation Subsector
 

The WMS II Team recognizes that USAID/Haiti has ongoing commitments
 
for supporting irrigation improvement projects in the Southwest with the

Les Anglais, Dubreuil, Torbeck and Avezac Systems. In addition, the GOH proposes to rehabilitate the systems Riviere Grise, Torcelle, Courjolle
and Matheux and seeks USAID assistance in the task. How do findings
from the field visits and document review impinge upon these broader 
interests?
 

In this section three elements are covered: 
 (1) the RDO's "$10,000
grants" projects; (2) the irrigation component in and around the PDAI 
area 
in the West; and (3) GOH support requests.
 

Mini- and Small-Scale Projects
 

The WMS II Team recommends major concentration upon small projects,

where design is not complicated, and where beneficiaries form coherent,

easy-to-define homogenous groups, where there is good order, and
user 

which need minimal support from established irrigation district staff, 
and:
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" 	 Will tend to augment and/or stablilize supplies and/or dis­
tribute them better; 

" 	 Might emphasize sources such as springs and drains which are
somewhat protected from erosion hazards;
 

* 	There is stable group organization and desire for the project;
and
 

* 	It is possible to work to some extent with PVOs in order toobtain leadership and direction in harmony with the assumptions
listed on 
page 3 of this report.
 

The Mission has successfully completed several 
projects that to a
considerable degree satisfy these criteria. The procedures are allworked out. Skills of local engineers and contractors are being builtand utilized. The beneficiaries see that something is happening--aminimum amount of time elapses between initiation and execution. Acontinuation of this program will be worthwhile even if the nationallevel recommendations on water rights or other recommendations of the
WMS II Team are not implemented. 

A 	simple evaluation of the before and after effects of these smallproject investments might be very useful. This could be accomplished by
setting up a work plan and an operating budget for a university studentin the Faculty of Veterinary Medicine and Agricultural Science at 
DARNDR.
 

USAID/Haiti Medium Size Project Agenda
 

Mission involvement in the southwest part of the country obviouslymust continue. Quite a bit of infrastructure, financing and cadre ofHaitian engineers and extension agents already are in place. 2 The Aculand Revine d'Sud diversions do 
not seem so prone to damage from annual
flooding as 
is 	the case in some other systems. Coffee (1984) forecasts

mounting problems. 

Parts of the Dubreuil system are coming into full 
operation at the
present time. 
 User groups are being organized. Their objectives should
be to have impact on management of their whole systems 
or 	at least upon
what happens whenever a supply lateral or canal 
has water turned into
it. Users should be given cards showing times and lengths of water 

2At least two assessments 	 and
have been made of the general

specific thrust of 	the USAID PDAI program, so these findings need not bereviewed here (Hargreaves, 1982; Stutler, et. al., 1983). 
 Also, see the
caveats in Delatour (1984). A well-documented report of the agriculture
situation in the Cayes area is contained in Coffee (1984), esp. Sec. 
6.2.4.
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turns, as is being done at Petite Goave. Agreements on operational

bylaws and user responsibilties should be copied from the plan at

d'Avezac. All changes in procedures involving user control of collec­
tions, etc., should be ratified by DARNDR (Cheaney, et. al., 1983).
 

If there are gaps in current delivery arrangements or failure of

institutions to guarantee equity in 
water distribution and to hold waste
 
to a minimum, or if the probable operational impacts of Dubreuil main 
system management upon users have not been thought out, now is the time
to get organized. Probably an operational study is needed in this 
system, or the contractor should be asked to state how the system is 
expected to run. 

Note that a key element in these arrangements should be a pre-set,
agreed method of "shorting" all users when water supplies are lowest,
during the dryest part of the year. Another key element is to plan
something workable for night irrigation. 3 Where possible, stop

collecting water usL fees from individuals--levy on groups instead.
 

Creating the conditions for reliable irrigation supply involves 
more that just construction and refurbrishing of conveyance and delivery
works. Farmers or farmer groups should be able to reach up the system,
if necessary, by constructing and maintaining their own tertiary

channels, and the reliable supply smould have enough value in use that
they will pay for the resource costs of obtaining it. This is one way
to gain some benefit from private initiative. 

Dubreuil. Determine if individual farmers are going to be able to
 
count upon a reliable water supply and whether deliveries will be

equitable and not wasteful. Continue to help user group formation.
Probably new types of legal arrangements or institutions, such as to 
collect some water use fees, will be necessary if the system is to 
run

in an orderly way. It is unlikely that user groups alone are up to the
 
task. In this connection, some or all elements of the Canal d'Avezac
 
model might be transferred.
 

Recommendations the Mission has already received in connection with 
finalizing the construction stages should be implemented. There isdanger that the attitudes and working methods that have developed among
project personnel during a protracted con.vJruction period, will carry 
over into the operating phase of the project's life, to the detriment of
 
all concerned.
 

31n the Alta Yaque del Norte irrigation system in the Dominican
 
Republic, rice growers must take water night. Other crops
at 
 are

watered alternately during the daylight hours on weekdays. All of the

main canal 
water is delivered to the bottom of the system throughout the
 
weekends.
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Some conservation and irrigation resource opportunities are: 

" Improved soil, fertility, and crop management practices;
 

" On-farm water management training (plus irrigation scheduling); 

" Land smoothing and leveling; and
 

• Secondary canals and farm turnout structure 
construction and
 
maintanence.
 

Canal d'Avezac. The Mission might be able to help get some "legalheavyweight" into the picture in order controlto rowdy farmers for thebenefit of the majority of water users. After this has been done, andthe pilot test results are in, evaluate the German and other volunteer group experience, make adjustments in the system bylaws, auto 
financing

and in operating procedures. Then inject the resources necessary to get
the whole project running as quickly as possible. The program neededinvolves setting up a system of operational requirements that must befollowed by any supervisory personnel assigned by DARNDR.
 

In the case of d'Avezac these include the following:
 

1. Measurement of water deliveries; estimates 
of consumptive use
 
and administrative- criteria 
of what constitutes "beneficial use;"
resizing outlets where not already done; fine tuning deliveries tolaterals and secondaries; how to allocate short water supplies. 

2. Enforcement of water quotas by means of constant supervision of
the activities of the Syndics and insistence upon good water delivery
records; Syndics should not handle money at the present time; everyinstance of water waste and theft should be dealt with by a User
Committee by means of fines or 
other punishment; update bylaws as
 
conditions change.
 

USAID/Haiti should provide a simple, reliable financing source (bygrant, if necessary) if some further construction is required. Canald'Avezac is a very visable, important place to inject and test afacsimile of the WMS II Team national level suggestions, and either it 
or Dubreuil are likely canrlidates for on-farm water management demon­strations involving the best information available from the Texas A&Mand other research that has been done in the area. The Mission shouldbe able to get more benefits per dollar spent in Canal d'Avezac than it 
will obtain at Dubreuil.
 

3. Output enhancing recommendations as made for Dubreuil.
 

Charlette (Torbeck Plain). The lower Charlette area is of some
interest to the WMS II Team because extending this system appears to
 
represent an opportunity to 
impact upon quite a few farmers at low cost.
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The users in the area are being brought under the guidance of local 
church leaders. (This is widespread activity on the Cayes and Torbeck

Plains.) Immediate organizational, operational, legal and system
management problems may be simplified or held under control. The idea 
of auto financing is spreading; the Church Fathers are trying to arrange
loans, and all this seems to be accepted by the users. Mission support
mechanism for loans should be arranged by some sort of link to a (very
simple, low cost) private sector intermediary person or institution.
The concept of auto financing should have great appeal to the Mission
because the results will be a test of what orcan cannot be accomplished
without subsidy. 

The next or simultaneous step is for USAID/Haiti to 
invest directly
in some useful aspect of the system rehabilitation and expansion by 
means of a grant. This a' tion is justified since the overall rehabili­
tation of this system might be thought of mainly as an extension of the 
current 1$10,000" small projects program the Mission has had experience 
with.
 

One idea that could be financed is investigation of moving to 
higher technology such as 
 dead level basins, improved irrigation

scheduling and improved farm turnout structures; there is a quite a lot
 
of land that could be irrigated if the water could be stretched (Coffee,
 
1984).
 

Torbeck. Torbeck commands
system a significant amount of land

(2,000 ha).- The photograph of the situation at the barrage site is
worth 1,000 words (Photo 9). The barrage could not even be gotten into

place; the sheet metal piling design used for temporary coffer dams was 
not up to the requirements of flood peak control during construction.
The high flows simply cut a channal around one end (visible in thepicture) and donor was Qualitythe financing wasted. engineering is 
necessary here.
 

Government of Haiti Rehabilitation Requests
 

USAID/Haiti hs been asked to help rehabilitate the systems Riviere
Grise, Torcelle, Courjolle and Matheaux. The Israeli firm of TAHAL
Engineering Consultants, Ltd. has made feasibility studies 
 of the
rehabilitions mentioned. The reports made availble to the WMS II Team 
call attention to the fact that the TAHAL engineers had inadequate
hydrologic and other data important for thorough design work, 
and little
basic data (engineering and basis for costs) appear in these volumes.
Thus, it is not possible to evaluate the reports on the grounds of 
technical accuracy.
 

What these studies show is the general layout of the existing irri­
gated area perimeters, the service canals, laterals, land area commanded

and some information about estimated water supplies. The contents of
Volume IV of the TAHAL report is a program of development for Torcell, 

47
 



Matheaux and Courjolle systems. Stage I, lasting three years, is aimed
at getting farmers to better utilize what already exists, plus someupgrading of the present distribution system. Stage II (or III)involves a plan for storage reservoirs, although the discussion is notclear about which opitions seem the best, i.e., either inside the canyons or in some kind of depressions outside on the plains. From afinancial standpoint practically the whole scheme turns upon expanded
production of bananas, for which the TAHAL experts believe there will 
be
 
a strong domestic market.
 

Three years are alloted to Stage I, with heavy emphasis upon theIsrael training and visitation extension system (scheduled meetings withlead farmers). An important share of the overall 
benefits are expected

to 	come from this stage. 
 The T&V system requires a substantial cadre of

dedicated extension agents in order to be successful.
 

Phase II provides the increased water supply for year around pro­duction and overall incomeimpacts sales from the project areas. This 
phase takes five years. 

Phase I is dspecially critical because the basic program during the
period implicitly takes for granted that the water distribution problemscurrent in the systems are all solved (apparently as part of the T&Vactivity). But the TAHAL engineers say nothing about how T&V will be
organized to get at equity, distribution and system management problems.
In 	contrast, the intent of the WMS II Team's national level recommenda­tion perfectly fits the situation in Torcell , Courjolle and Matheaux: 
get order and equity into the operation of those systems before anything

else is tried. 

WMS II Team Response. In keeping with the general rule to improve
what already exists before starting new construction (this is also the 
TAHAL goal), the following may be suggested:
 

" 
Get ditch cleanout and regular maintenance organized.
 

" Get order into the three systems. Solve head end/tail end 
problems if they exist: 

i. Give tail end farmers suggestions about cropping patterns
and farm management relative to the greater water 
availability they can expect.
 

ii. Adjust main system management (lateral and turnout sizing
and scheduling) in order to streach the water and raise
 
the on-farm application efficiency some
of wasteful
 
users.
 

" 	 Look for worst cases of conveyance loss and repair the weakestsegments of the canal systems. Loop back through (i) and (ii). 
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" Determine if the results of the above actions support higher
technology at the farm level; decide what will work best; strive 
for private initititive. 

" Last, decide whether development of expensive additional water
supplies will fall within direct beneficiaries' ability to pay.This might mean, for example, to find out if bananas canraised, and marketed in the quantities, 

be 
and at the prices

assumed in the TAHAL study. (The I.R.R. values included in
 
Table 3 below are impressive.)
 

Suggested USAID Response. No rehabilitation efforts will be

supported until 
the GOH can demonstrate conclusively that:
 

" Distribution of existing water in the three systems underis 
the control of a tested adminstrative system that ensures equity

among users (and that any wasteful use has been wrung out);
 

* 
Users have a clear role in scheduling OI1;
 

" User charges have been increased and that collections thereof 
are fully accounted for and remain in the systems to offset a 
significant part of budget-ed-O&M;
 

" O&M is being carried out on schedule and is up to standard; and 

" A producti.on response has taken place as inmeasured value and 
volume terms. 

These requirements may be met by imposing the Leogane model (full
managerial control) or by a tightened-up, operational Canal d'Avezac
model (written obligations and written, guaranteed supply rights, plus

the water charge control rights sought in the Dubreuil system and
 
general user input into operation of the systems).
 

If these "conditions precedent" are met, USAID should offer to set up by grant, a 30- or 40-year life revolving fund to finance these and
subsequent qualifiying projects, (water fees will be raised anotherincrement to recover O&M plus investment costs plus interest). The fund
will not be disbursed until USAID is satisfied about farmers' ability to
 pay and that the farmers' organizations and GOH have created a legalmethod for the user groups' own funds to be received and disbursed in a manner satisfactory to the grantor. For example, the interior ofproject perimeters could be turned into a special improvement taxingdistrict if the Leogane model is not utlilized. If the latter is used,it is simpTy up to the parastatal mai ers to ePrn enough money to meet
their annual repayment obligations to the loan ;u, I. 

Riviere Grise. 
 The neagtiv, aspects of rehabilitating this project
have been covered in some detail 
already; a man-made structure probably
cannot survive; flood flow peaking is intensifying; the river bed is 
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Table: 3. Comparison of Haiti Irrigation Project Feasibility Analyses.*
 

Rev./ha Est. # ha Affected Est. Cost 
 Annual Inc. in Revenue
 

Current Future Total 


Marigot/large 
 785 


/small 
 250 


Dubreuil I & II 
 925 


Jean Robel 
 350 


Thomazeau 


Les Anglais 750 2,550 550 


990 


Torcelle 2,073 3,346 545 


Stage I 
 686 

g Stages II& Ill 

Full 1,37d 


Courjolle 2,073 3,346 
 720 


Stage I 
 997 


Stages II & Il1 
 1,700 


Full 


Matheaux 2,073 3,346 841 


Stage ! 
 900 


Stages II & 111 
 900 


Full 
 1,985 


*Allows 
for double cropping where shown in documents. 


New 


400 


150 


625 


275 


126 


150 


? 


155 


700 


80 


160 


260 


1,000 


Sources: 


Total 
($M) 

Per New 
ha Per ha 

Per $1000 
Invest. 

I.R.R. 
() 

O&M/Yr. 
($) 

2.20 2,800 

0.55 3,700 

2.20 3.520 973 280 19 59 

0.88 3,900 1,500 320 

0.53 3,500 1,500 420 

1.27 2,140 1,398 653 55 20 

3,157 

? ? 

0.48 700 50 7 

4.50 7,250 50 90 

4.98 3,600 66 99 

0.69 767 

1.51 1,515 50 8 

4.125 5,900 50 101 

5.68 3,350 27 109 

? ? 

0.69 767 50 7 

6.75 7,500 50 135 

7.74 3,900 42 142 

Stutler, 1983; TAHAL, 1981, Vol. I". 

Note: There is a subtle but important difference in the way results are presented or arrived at by 
IAHAL on one hand and the PDAI evaluation
on the other. It will be recalled that Phase 
I of the TAHAL projects is basically the T&V stage. 
 An internal rate of return calculation
Phase I is, in effect, a calculation of the benefits of technical 
for
 

assistance alone. The TAHAL calculations of I.R.R. for all phases include
capital and other hardware items as well as T.A. In the PDAI analysis, overall I.R.R. includes the same items. But the sub-calculation inthis case is for investment costs alone, T.A. is left out. Therefore, the only way to compare the two analyses is at the total or fullinvestment level of expenditures. These are the I.R.R. values shown in the Table.
 



widening at an appreciable rate; and it is possible that all the water
that can realistically be diverted into the system is already being
diverted (by means of a rebuildable rock barrage). All 
of these factors
 
are tied to a degraded watershed, canyon topography and weather patterns
in the catchment area. 
 The only immediate offsetting benefit would be
 an argument that more water can be diverted and that more of the orig­inal 9,000 hectares can be irrigated than at present. Presumably, the
 
answer can 
be found somewhere in the engineering studies that have been
made to support the idea of rehabilitation. As a practical matter,regardless of what such studies may reveal on this point, rehabilitation 
of the watershed and its subsequent management appears to be the
 
critical issue. 

USAID/aiti might want to confine any participation in a rehabili­tation program to some aspects of the system that have potential for alonger life or a less threatened llfe than 
a new barrage. Generally,

this response could take virtually the same form as in the case of theprojects just discussed; refurbishing the distribution system maght bethe main physical focus. GOH could be asked to establish a significant
watershed program for this and its sister systn, RIviere Blanche.
Meanwhile, the USAID Mission could offer to set up and toally support a

bulldozer barrage for an indeterminant, number of years.
 

Economic Comparisons
 

Table 3 summarizes a range of cost and benefit measures as 
reported
in various engineering studies made available to the W1S II Team. In afew of the examples internal rates of return are available; this is animportant planning statistic. However, its magnitude is pretty much a
function of what is assumed for benefits when the economic analysis ismade. For example, although the I.R.R. is the most generalized, 
"dimensionless" parameter 
by which to compare or rank projects, the
moment different crop mixes are assumed on the benefit side, I.R.R.comparisons start to get a little tricky. At the same time, if thecropping patterns are assumed to be the same, everything is pretty welldetermined by costs. 
 These are some of the reasons why the Team has put
emphasis upon construction costs per hectare elsewhere in this report.
(Note that the per hectare costs and the I.R.R are not well 
correlated.)
 

In practice, where rough and ready data are 
all that are available,
the best assumption is that I.R.R. is inversely related to proposed per
hectare costs. 
 Two other simple meas'ires, sometimes useful 
for planning
decisions, are calculations of expected employment benefits (see the
TAHAL studies) or 
revenues per dollar invested. The latter is shown in
 
Table 3 for some of the examples.
 

All things considered, the Mission should put its money where thepayoffs to the marginal dollar are likely to be highest. By this ruleit is easy to imagine that those activities where the investments havealready been made, where the costs have already been sunk, should be 
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looked at rather closely to see if they might not be topped off in s­
way. Often the marginal costs of completing a job may be quite low 

the benefits high. This may involve 

­

some sort of separate reevaluations
 
of the investment options. It is necessary to do more than simply
unravel any "technical" reasons for why "ranking" coefficients may
differ, as implied in earlier discussion of Table 3. What is necessary
is to weigh a lot of non-economic elements that may influence how a
project will actually function. (Note that this does not refer to such 
things as "social soundness" even though such criteria may also be 
important.) For example, the 1983 PDAI review (Stutler, et. al., 1983)

contains an argument about abandoning Phase II at Dubreuil if certain
 
performance factors do not improve. 

One outline of revised irrigation project evaluation and ranking
criteria might include some measure of command area stability and system
longevity, i.e., dependability of water source, gravel/sedimentation
hazards, relative water supply for double and triple cropping, potential
with rainfed only, existence of viable organization for operation and
maintenance, drainage conditions, etc. The utility of such a ranking/
evaluation scheme could be demonstrated by applying part or all of the
methodology to the projects contained in the various and numerous
feasibility studies, such as those of Harza, J.G. White, TAHAL, and 
DARNDR.
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Annex A
 

OBSERVATIONS BASED ON FIELD VISITS TO IRRIGATION SITES IN HAITI
 

Specific Characteristics by Systems
 

The information presented herein was obtained during the site visit
from individuals familiar in varying degrees with each system. 
 Indepen­dent verification of data accuracy was not attempted. The field notesincluded in this Annex are meant to illustrate a range of conditionsencountered. 
 Only limited data were available on many of the sites. 
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SITE VISITS USAID / HAITI WMS II
 

SITE Atv. /r3se Z 275'
l2,L. /a/ LA~ DATE VISITED 35--- '9 

LOCATION -c / -, 

AREA IRRIGATED : ACTUAL .31,,,I. ha; POTENTIAL /I 5 oo ha 

SOILS 11-:.
 

WATER SOURCE /7'iu. -s, / , /
 

INFRASTRUCTURE
 

ORIGINAL CONSTRUCTION olo- /92o
'5 9-.6-0 

EXISTING , .,z/ i 5 4 1L.--c' 4 . 

DESIRED / /e e a-. ( 9c, S-.' /"ez o..,. c. //c$. -

MAINTENANCE CONDITIONS: ,,sj 1 e -a o-1c- c. =--,-tl
 

EQUITY AND RELIABILITY 

DRAINAGE NEEDS " lo-ne,, ,
 

AGRONOMIC PRACTICES
 

CROF S som 57. *A 

SOIL MANAGEMENT -- e, 

IRRIGATION APPLICATION c a Ire_ - e ,
 

EROSION POTENTIAL : 
 , o-- . s,,.s 

POSSIBLE TA/INFRASTRUCTURE NEEDS : tIA 5' --- ,i . 

OTHER 
6 : - 4e ez/ ue -

, KI, o c.,., c..,o. ,.' At h< . 3oeu 
e9 PL ,0 4e 

P/<>l o<. :. /, .6, Ie..r, me e- Ar SJ.' eeo 



SITE VISITS USAID / HAITI YMS II
 

SITE /Oer e/A ,//e4T C h,//,s DATE VISITED 29 
 iq 

LOCATION Lz,/uiVc /,'v iji/le )
 
AREA IRRIGATED ACTUAL _ _ _ _ ha; POTENTIAL /3o /cfc,/2z2o ha
 

SOILS:
 

WATER SOURCE : io. 7-eel, .. /2'.. " 2,u. C2,..jO/', 

INFRASTRUCTURE :
 

ORIGINAL CONSTRUCTION /972 /q24. L-0
- -oo- 5 e, 

EXISTING - o-,c- 4J f.- . De
Z- 14i e-y) 

DESIRED ~ 

MAINTENANCE CONDITIONS: A , ' c4' e , -( , , 

EQUITY AND RELIABILITY : 

DRAINAGE NEEDS ; 

AGRONOMIC PRACTICES 

CROPS - O-L c .) 

SOIL MANAGEMENT 

IRRIGATION APPLICATION 5zs,// , 

EROSION POTENTIAL 

POSSIBLE TA/INFRASTRUCTURE NEEDS : 5- -, 

OTHER: 5 , b- ..- , 

A 4' /- LI 13 
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SITE VISITS USAID / HAITI WIiS II 

SITE nD Vi'A DATE VISITED 3e9,4q 84 
LOCATION- 4,4 I, /)u // e6) 
AREA IRRIGATED : ACTUAL 2,3 4o -- ha; POTENTIAL 000o (7) ha 

SOILS : At oc1J Jo )1ee. ,/e; '/ a.f 

WATER SOURCE , b ~ ~ ec P/~~D~ 

INFRASTRUCTURE
 

ORIGINAL CONSTRUCTION lqSc (2')
 

EXISTING (c f , / -cI .v~, ci e 7--i 

DESIRED 5 A e dle ;,7 Als,~ 7ezsr/ 

MAINTENANCE CONDITIONS: .
 

EQUITY AND RELIABILITY j / ) -

DRAINAGE NEEDS: - S .ac-.. ie-I-, .es ec., '.c,
/0 . -. 5
 

AGRONOMIC PRACTICES
 

CROPS /l/e4/ * /014- K/" / s 
> J 

SOIL MANAGEMENT / .- - ., 

IRRIGATION APPLICATION 
 ".'Y
// , (pr d4 C7,e c:( 
Ca-Ce,*, /.z--c1_s 

EROSION POTENTIAL : / /'./. , 

POSSIBLE TA/INFRASTRUqTURE NEEDS : / /4r 7 4 t 
e Wp 

OTHER : Z oY Jvll ,/A-I I e,#..-, :C 'a, e 4 e')~ ~.e 

tJ~~~uA_ ,*0.s -ou/ 04~/7ej 
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SITE VISITS USAID . HAITI 

sITE as A DATE VISITED 3/ 
LOCATION / e.. 7. ,. . 

AREA IRRIGATED : ACTUAL - ha; POTENTIAL 

SOILS: 7'10 

WATER SOURCE e./* eL.I. 

INFRASTRUCTURE: (A14i 4~o 

ORIGINAL CONSTRUCTION l,/-,I, , 6?) 
EXISTIN4G cC "Zlrt __or 

DESIRED .­ mvi* 

IS II 

4k: 

J,. . 

$0tP~~/L 

L.A yJI'-

ha 

~ 

/ 

v 

M,.NTENANCE CONDITIONS: ,Poo . , 

EQUITY ND RELIABILITY 3 7 ,--

AGRONOMIC PRACTICES : 

SOIL HANAQ34ENT 

IRRICATION APPLICATION YeraE4 ) a1ed4-C-

EROSION POTENTIAL t ,' 

POSSIBLE. TA/INFRASTRUCTURE NEEDS t 

, 

loc( 

, 

OTHER3 
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SITE VISITS USAID ITI VMS u 

SITE ODI _ DATE VISITEo / Se' 
LOCATION , k", , , / 

AREA IRRIGATED: ACTUAL 5 ha; POTEN4TIAL &0'-c' ha 
SOILS: 

WATER SOURCE: ,s.. S r -14 

IPFRASTRTTUREN 

ORIGINAL..CONSTRUCTION , C/ . 4, peO 

EXISTIN= feze7y Z 'J r4 . 

DESIRED .- 6 4 o op ,./ 

MAINTENANCE CONDITIONS: , a' ' h$u-is., 

EQUITY AN4D RELIABILITY P2 4 71zj;/e4.7a 

DRAINAGE NEEDS -z - d 

AGRONOMIC PRACTICES 

CROPS A~e W14,..e ' s 

SOIL MJAAEM4ENT 4'7/ # ~ (~ 
IRRIGATION APPLICATION -cr c ., m 

EROSION POTENTIAL :~ 4 

POSSIBLE TA/INFRAS~TRUCTURE NEEDS & l ea e XA9 

Al e O? 145oow~ 
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SITE VISITS USAID / HAITI WMS II
 

SITE / ,Aek./ d/ / . .DATE 2 - '
4 VISITED .5,,8, 

LOCATION _5j A/Iu', -Vl 4I&ae~-~'e- (S ja5a4 
AREA IRRIGATED : 
ACTUAL _ _ _ POTENTIAL
__ _ ha; 4/oo ha
 

SOILS: a , k5 ke°/,
 

WATER SOURCE : /2,L, C P2.-0 /
 

INFRASTRUCTURE
 

ORIGINAL CONSTRUCTION 2
 

EXISTING
 

DESIRED Dezvnm J Set~.L-, '0­all e.-/ 
1-,u 5 3 a p"-e 5 ejt 

MAINTENANCE CONDITIONS:
 

EQUITY AND RELIABILITY
 

DRAINAGE NEEDS
 

AGRONOMIC PRACTICES :
 

CROPS
 

SOIL MANAGEMENT
 

IRRIGATION APPLICATION
 

EROSION POTENTIAL : coe.(J b , , ,j 5,/--s .- e' /-ndf 

POSSIBLE TA/INFRASIRUCTURE NEEDS : 

OTHER: /e / 6 7Z c7 a 0 r/ei/00 c c 

65
 



SITE VISITS 
 USAID / HAITI WMS II 

SITE /10 /, / DATE VISITED 2 -5.A 6"-!
 

LOCATION 
 . &.e- /2 aVo,,-

AREA IRRIGATED : ACTUAL _ha; 
 POTENTIAL 2 . " ha 

SOILS : / eauy 

WATER SOURCE : 3 /4 ' R,' s ) / S ,c// e
 

INFRASTRUCTURE :
 

ORIGINAL CONSTRUCTION
 

EXISTING eaA-t4 A , s a 
 .-fZ / // J'-, 

DESIRED 2 / ?A ,,dv,.zr4 1-, 

MAINTENANCE CONDITIONS: 
 C e / / A'e /4i 

EQUITY AND RELIABILITY : e, e 

DRAINAGE NEEDS : , / /e. rs's-i cirea. 

AGRONOMIC PRACTICES 

CROPS /pc//y ,'ce. I.-? .. 

SOIL MANAGEMENT 

IRRIGATION APPLICATION ./. J) .- / .-,
 

EROSION POTENTIAL : A -7 

POSSIBLE TA/INFRASTRUCTURE NEEDS : 

OTHER: 
 1, e ( 116 
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SITE VISITS USAID / HAITI 

SITE /Boel;/ls 4PR €4 DATE VISITED,/ ,, 


LOCATION 

AREA IRRIGATED : ACTUAL 60(C, /5 ha; POTENTIAL 

SOILS : /a,' , 5 .$ /ea, 4 nX ,, 

WATER SOURCE_ c/E ?/2.,/4 o% 1C,,: ,;,.., ) ,2,c,. 

INFRASTRUCTURE
 

ORIGINAL CONSTRUCTION / ' J &. L) 


EXISTING t-c'/"e.os t i c 5 k 


DESIRED , . - 7 , ws ', .oeoo jLA,/%c,, 

MAINTENANCE CONDITIONS: e - 7/ c/&s/e Z c-j1'-/ 

Aee 4w a 5 r 2/3 i/o!', eo*A 
EQUITY AND RELIABILITY : AL,( o "e/IA, /i,? 

DRAINAGE NEEDS
 

AGRONOMIC PRACTICES
 

CROPS 3.11, 

SOIL MANAGEMENT
 

IRRIGATION APPLICATION 5. // -


EROSION POTENTIAL : .- , 17 

POSSIBLE TA/INFRASTRUCTURE NEEDS : -4/ , 
,:Au,&,* cj c0-.i a y -4 ~ J.i er-

OTHER /, 

WMS II
 

'S 76-7' 

6ec ha 

.­

5o1t'' c/e 

A 
k L--,/ eg#-Ig 

j ', .,,-- ,
 

(-.r) 

A, c~ I4.Cas, 

/
 

/ e- 1 J Se,(l A2 o c A " m6 
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SITE VISITS USAID / HAITI VMS II 

SITE 

LOCATION Jac e 

AREA IRRIGATED • ACTUAL 3, 

SOILS : l6, 4 

WATER SOURCE : e-l ,,s,/,>, 

INFRASTRUCTURE 

ORIGINAL CONSTRUCTION 

EXISTING co-nc,,,/ 

30 

) 

v, E VISITED _ . 

/3 ha; POTENTIAL /5O 

- (,.. 

(L/ 2 .. §) , ,0 

JJ.wi, .. , 

.,. j 

9L 

7 

,,, 

o 

? ha 

, 

DESIRED 

MAINTENANCE CONDITIONS: 

5 cle all Z-4z4 1o.( 

EQUITY AND RELIABILITY : 

/aOo- 4 
5s s/v7Z, I, 
7 

I 

, . 

14~ c 

cfg/o( /.,.i 

DRAINAGE NEEDS: 

AGRONOMIC PRACTICES : 

CROPS " - 4,-

SOIL MANAGEMENT 

IRRIGATION APPLICATION 

EROSION POTENTIAL 

POSSIBLE TA/INFRASTRUCTURE NEEDS : /u -P'6, t- 5-..,,s/Ct A-e,,.r 

OTHER 
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SITE VISITS 
 USAID / HAITI WMS II
 

SITE o P 5
' DATE VISITED 


LOCATION /2/' ,,, ¢
 

AREA IRRIGATED ACTUAL ..O ha; POTENTIAL 
 ha
 

SOILS : /( A-4 ~ A- e~i
 

WATER SOURCE :/? .
/a?1.0A 

INFRASTRUCTURE :
 

ORIGINAL CONSTRUCTION O7,,-,./E ,,-. 

EXISTING C ­e a/e" 


DESIRED
 

MAINTENANCE CONDITIONS:
 

EQUITY AND RELIABILITY. 
 3 o cf( 

DRAINAGE NEEDS: .
 

AGRONOMIC PRACTICES
 

CROPS
 

SOIL MANAGEIENT
 

IRRIGATION APPLICATION £ -/ - s 

EROSION POTENTIAL : ',-, / "a4-4s 

POSSIBLE TA/INFRASTRUCTURE NEEDS
 

OTHER : t¢ , r1,s/G-(..e 7 

/2 e 
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SITE VISITS USAID / HAITI WMS II 

SITE 

LOCATION 

AREA IRRIGATED 

SOILS : 

: 

-

ACTUAL 

K r, 

//-

190 

DATE VISITED 

-s 

ha; POTENTIAL 

, S ' 

_ 

2.--(.m? ejha 

WATER SOURCE : a 

INFRASTRUCTURE 

ORIGINAL 

EXISTING 

DESIRED 

CONSIRUCTION 

R,4,taD,/.' 

P/ ,,,-e/ ,-

/95c 

e., 

.c/.. 

/ 

/9 i -,, 
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Annex B
 

COMPARISON OF ELECTRIC VERSUS DIESEL POWERED PUMPS
 

The following comparison is based on western U.S. conditions for 
ease of data collection. The same calculation procedure would apply to
Haiti if comparable cost figures are available. Assume 1,50) hours of
operation per season, 50 hp. unit, electric power available at the site,

and money is available at an interest rate of 10 percent for the
 
recovery period. Thus, using current (1985) 
western U.S. costs and 
excluding fuel costs, the various economic comparison components are: 

Recovery Capital Annual Total
 
Power Installed Period Recovery Capital Annual Annual
 
Unit Cost (Years) Factor Cost O&M 
 Cost
 

Electric $5,400 25 0.1102 $ 595 	 $
$ 60 755
 

Diesel $9,000 	 0.1357 $916
14 	 $1,221 $2,137
 

(The O&M cost p.2r 1,000 hrs is $611 for 	diesel and $40 for electric.)
 

The average cost of power line extension is currently $20,000 per

mile in the Utah Power and Light Company service area, including

transformers, etc. If the electric line is not at the site, then an
annual cost increment of $2,204 ($20,000 x 0.1102 = $2,204) per mile of
extension should be added to the electric power costs. The validity of
the capital and O&M cost comparison is based on the equal and reasonable
 
availability of service, technology and repair parts for both diesel 
and 
el ectri c. 

The cost and uncertainty of fuel availability should also be

considered. Table 1 shows the amount of pump work done per unit of 
fuel, current cost of each fuel, and a 	comparison of fuels in amount of

the most work done per dollar of fuel. Note that natural gas produces
the most work per dollar, followed by electricity (depending on the
costs) and then by diesel . In each of these, it is assumed that the
appropriate motor, tanks, or service lines are in place and only the 
cost of the power or fuel is included.
 

For the 50 hp. unit, as before, with 1,500 hours of operation per 
season, and assuming a pumping efficiency of 75 percent, giving
56,250 whp-hrs/season (56,250 = 0.75 x 50 x 1,500), the seasonal energy 
cost for various fuels is:
 

Diesel Gasoline Propane N. Gas Electric (4/kwh)
 

$4,401 $6,541 $5,841 $3,008 	 $3,409(.05) $4,091(.06)
 
$4,775(.07) 5,456(.08)
 
$6,134(.09) 6,818(.10)
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Thus, electric energy at 6 1/2 per kwh is equivalent to diesel 
considering only the cost of energy.
 

The estimated total annual cost for diesel, including capital, O&M
and energy, is $6,538 (6,538= 2,137 + 4,401). If the average cost perkwh were less than 8 1/24, then the combined capital , O&M and energy
cost for electric would be less than diesel.
 

Table 1. Performance standards for pumping, cost of various fuels and
comparative pump energy output per dollar of fuel, western 
U.S. 1985.
 

Brake-Hp-Hours 
 Cost Per Bhp-Hrs Whp-Hrs

Fuel Per Unit of Fuel Unit of Per Per

(Bhp - Hrs) Fuel Dollar Dollar 

(a) (b) (c) (d)
 

Diesel 15.0/gallon $0.88 
 17.05 12.78
 
Gasoline 11.7/gallon 
 1.02 11.47 8.60
Propane 9.5/gallon 0.74 
 12.84 9.63

Natural Gas 8.5/100 cu. 
ft. 0.341 
 24.93 18.70

Electric 1.10/kwh 
 .05 22.00 16.50
 

.06 18.33 13.75
 

.07 15.71 11.78
 

.08 13.75 10.31
 

.09 12.22 9.17
 

.10 11.00 8.25
 

(a) Adapted from ASAE yearbook of Standards 1983, (Nebraska

Tractor Tests) and from Ames I-rigation Handbook Table XII-8, (Lockwood-

Ames, Gering, Nebraska) 
 for properly designed and operated instal­
lations.
 

(b) Based on survey of Utah dealers, March 1, 1985, courtesy ofJ.C. Andersen, Utah State University Ag. Economist. Electricity costs
depend on size of unit and amount of use per billing period. Natural gas costs are for an installation needing about 50 hp. 
 Costs may be
slightly higher for 
a smaller unit, slightly lower for a larger unit.
 

(c) Values in Column (c) equal those in Column (a) divided by
those in Column (b).
 

(d) Assuming a pumping efficiency of 75 percent, water-horsepower­
hours per dollar equal Bhp - hrs/$ multiplied by 0.75. This representsthe actual work accomplished by the total system (pump and engine) per
dollar spent on energy.
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An area of 231 hectares could possibly be irrigated by the 50 hp
pumping unit under in these comparisons. This was estimated by assuming
a pumping lift of 10 meters, pump efficiency of 75 percent, irrigation

conveyance and application efficiency of 50 percent, and cropwater 
use
averaging 0.6 liters per second per hectare. 
The available flow rate is
285 lps (285 
= 75 x 50/10) which would supply 237 hectares (237 = 5.5 x285/.6). The annual capital and O&M costs for a diesel powered irriga­tion pumping unit would be equivalent to $28 per hectare $28 = [2137 +4401]/237), exclusive wellof drilling, and conveyance system capitaland maintenance costs. A reasonable estimate of the well 
drilling costis $300 per meter depth for a .3 m diameter well . This would add $407
(407 = 300 x 10 x .1357) to annual cost of the pumping plant. The

resultant total 
cost would be $29/ha. [29 = (2137 + 407 + 4401)/237]. 

A well 20 meters deep would se,,e only half the land area if a50 hp pump engine were used, thereby increasing the cost to more thandouble including extra drilling. If the seasonal operating hours were

also to be doubled to 3,000, which is about 8 hours/day over a year,
then the total annual cost of a diesel pumping set could be:
 

TAC = 1,221 + 3 x 611 + 2 x 407 + 2 x 4,401 = $1l,670
 

Since the irea served is only 118 ha (118 = 237/2), the annual cost
 
becomes $107/ha (107 = 12,670/118).
 

Thus, depending on the pumping lift and 
seasonal operating hours,

the annual cost, could range from 
$29 to $107/ha, under western U.S.

conditions. It may not be unreasonable to assume a multiplication ofthree times for costs in Haiti with a corresponding annual cost range of
 
operation of $87 to $321/ha.
 

Factors other than 
 simple cost comparisons which should be 
considered include availability and source of capital and maintenance

funds; (outside donor or in-country); fuel availability and availibility

of spare parts and trained mechanics at reasonable prices. The
potential yield of aquifers which must be adequate to supply demands ofpumped wells is unknown at present in most of Haiti. There seems to be
 some indication of trouble for pumped groundwater in Haiti in the areaof fuel availability for both diesel and electric. Urban consumersto demand as much electric 

seem 
power as is produced which tends to deprive

the pumped irrigators. 

79
 



ANNEX C
 

NOTES ON SOCIOECONOMIC CONSIDERATIONS IN
 

IRRIGATION DEVELOPMENT
 

81
 



Annex C
 

NOTES ON SOCIOECONOMIC CONSIDERATIONS IN IRRIGATION DEVELOPMENT'
 

Sociology of Irrigation
 

The essential point in Wittfogel 's description of the roots of the 
power structure in "hydraulic societies" is that groups who toturn 

irrigation are faced with a political choice: 
 in order to have water,

members must give ud some freedom of action. 2
 

In the 1970s John W. Powell had noted the organizational features

of many Mormon and ex-mining communities in the desert areas of the
 
American West and concluded that the development plan needed was

directed settlement in organized river basin units. Although Powell's
 
vision was never implemented as 
public policy, he had realized something

the pioneer settlers of the arid zone had always known: in order to

corral and control water supplies, everyone had to accept a role as 
member of a collective and had to put group interests ahead- of

individual desires. This is what is meant by phrase, "life under
tne 

the ditch."
 

Given this requirement, how can society obtain the benefits that
 
private initiative confers in development, yet temper individuals' self­
interest inside a collective? Unfettered individualism must be given

up, yet initiative retained. 
 This amalgam has never been achieved
 
beyond the level of "mutual irrigation companies" except on 
a foundation
 
of public subsidy.
 

In other cultures it may be natural for farmers 
to understand and
 
work within a framework of local collective interests, ,ut the larger

society will not be able to dynamic
obtain economic impacts of

individual innovation and enterprise. An example of this might be found

in the strong group traditions of an indigenous society such as exists 
among the Indians in the Andean Highlands. There, even an overlay ofcompensating (ameliorating) subsidy may not tap initiative unless the 
group has dynamic, innovative leaders.
 

Water Source Tenure and Development
 

One way or another, those who develop water source/conveyance
structures have to be guaranteed user rights. If these rights are 

'Adapted from LeBaron, 1984.
 
2K.A. Wittfogel, Oriental Despotism, Chapter 1, Pt. D. New Haven:
 

Yale University Press, 1957.
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retained by the State, the possible implication is that only the Stateis in a position to guide and manage what is created. Oi the otherhand, if individuals or groups have some form of recognized tenurerights to water sources, automatic development will tend to occur. Ifthe State owns all the water, then as ancient h,'story has shuwn, thepopulation will be subject to many controls of centralized power.However, if the State does not choose to direct all things in a despoticway, the farmers may not do all things with the created system that aretechnically feasible. 
 That is, if the State retains management control
and still expects voluntary 
response, it may be disappointed at
reaction from farmers. This suggests a possible 
the 

rule of development:The State should only develop and control a source down 
to a level where
it can create the counterpart of a "spring" for potential users lyingbelow. The users might be expected to "reach up" the system as far aspossible to find their "spring" and be responsible to develop and manage
all the area commanded by this subsource.
 

In modern times State-mandated development of public works has been
rationalized on 
various grounds. One of the most commonly cited is the
inability of a diverse group of water 
users 
to obtain large amounts of
investment capital. Obviously, once built such works 
are not likely to
be any more profitable for the State than they would be for privateenterprise, especially allsince easily developed areas have alreadybeen exploited. In addition, earlier irrigation works may have beensituated to command the best lands. 
 Of course, the State may be able to
improve existing simple systems by introduring storage of late seasonwater by irrigating additional land on the boundaries of what alreadyexists, or it may be able to direct some water fromaway current users 
to be employed elsewhere. 

As projects become more complex, legal considerations proliferate.
Tenure rights enforcement more more
and their exact and attention andresources. Additional legal and legislative adjustments are needed toresolve questions of project financing. If water beneficiaries arerequired to bear some financial burdens, additional restrictions areplaced upon individuals because the money must be collected. Anengineering and 
administrative technostructure 
emerges and eventually
gathers to itself the trappings of power and control that financialability to move and shift vital resources confers. Tenure rights andwatcr law are required as a countervailing offset.
 

Measuring Social Benefits of Irrigation Development 

One reason the concept of the "spring" is important is that no oneexpects even a voluntary, non-profit collective expendto effort orresources in development unless potential payoffs are likely to coverthe costs. 
 Assuming the collective evaluates its alternatives carefully
and that markets for the necessary labor, capital and other inputs arerelatively free, any decision to go forward is a rough indication thatsociety as a whole will benefit to a greater degree than if an alternate 
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use of the resources had been chosen. In other words, a "correct" 
evaluation of society's opportunity costs is made somewhat automatically

by numerous market forces playing themselves out in the private arena.
 

The same opportunity cost principle may be invoked when evaluating
economic choices made by the State. Indeed, such application is 
important because large projects tend to be expensive and often 
return
 
less than the value of their construction and support resources, as 
measured by their value in alternative uses. Nevertheless, sometimes
 
this subsidy is deliberately made. The reason consideration should be 
given to charging farmers "full cost" for water supplies is that if they 
are not, it is possible for them to perform at a level which they 
measure as profitable, but which in fact is not equal to full socTial 
cost. 

But even if no subsidy is intended, it should not be imagined that
society actually will be reimbursed for the resources it devotes to
irrigation works successful failed. awhether or Such felicific 
arrangement would exist only if the direct beneficiaries were charged
the full costs of the water conveyance features constructed by the
State. In practice, such levies are not made, although the farming
population obtains most, though not all, of the direct benefits. Thus,
whether or not society gains on economic balance from committing

resources to irrigation works depends upon whether the net value of
increased farmer production is great enough to raise GNP by an amount 
commensurate with the annualized costs of the project. 
 The increase in

GNP must be as great or greater than the increase in the net value of 
production as compared to the "without projtect"status. 

Markets and Finances
 

Although instances of financial success are reported in World Bank
 
or other evaluations, itisdifficult to imagine any more than a narrow

spectrum of situations where irrigation plays a natural, successful
economic role. The key variable is markets. Only if they are lile to
absorb the jumps in irrigated productivity is there any hope for farmers 
to cover production as well as construction costs. Markets for expanded

agricultural output may be opened up due to import substitution or via
foreign sales. These are the main short-run possibilities. Longer-run
domestic markets expand due to higher on-farm consumption, more raw
material requirements to process intermediate food products, some

upgrading of tastes for higher value crops and greater meat consumption,
but mostly there is normal demand growth due to incrases in population.
All told, domestic long-run markets may expand at about 4 to 5 percent 
per year. In a small nation, such percentages might not represent an
absorbtive capacity greater than what could be satisfied from a smallproject or from technically achievable advances in jields within the 
structure of the existing agricultural system.
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More and more international donors are insisting upon financiallysound projects. This requirement stiffens up the repayment burden byshifting the load from the general exchequer onto the backs of directbeneficiaries. 
 Tightening up performance requirements is one explana­tion of donor interest in repayment ability of farmers and upon schemesto charge for water. Donors realize that all subsidy has to be covered,and if the projects cannot stand on their own 
feet financially, then the
subsidy repayment must come from other 
sectors in society. And most
nations in need of increased production and economic development, as
well as social programs, are not the kinds of societies that have a
of surplus paying power in non-agriculture sectors. 
lot
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Annex D
 

NOTES ON THE GENERAL EROSION PROBLEMS IN HAITI
 

The problem of soil erosion in Haiti has been approached by many
agencies and scientists during 
recent years. The people in charge are
 
very much aware of the seriousness of the situation, but they are eitherhelpless or careless in facing their responsibilities. Too many reports
have been written, and too much work has been done, but most of it has
concentrated on the constrai~its to soil conservation and watershed 
management in Haiti rather than on finding solutions. Yet many of thesereports were never based on real since itdata, doesn't exist or is
obsolete as 
 processes are changing dramatically fast and no real
 
attempts seem 
to have been taken to collect enough urgently needed data
 
in exact studies and problem analysis.
 

It is fair to mention that some of the reports available are based 
on actual encounters and are worth considerations (Murray, 1979; Hauge,
 
1984).
 

The major biophysical constraints for soil conservation in Haiti 
encountered in 
our visits and adduced through interviews with officials

from government and international and private groups or individuals and

from available reports can be summarized as follows:
 

1. Vegetation. In areas where man interferred with nature by

cutting trees (Cayes, Cap-Haitian), burning plants (Jacmel, Marigot,
North Plains), cultivation, etc., (Riviere Grise, Central Plateau,Quartier Morin, La Beaulieu, Grison Garde, Limbe, St. Michel, Belle 
Roche, Jacmel, 
Des Mornes) because of food needs and low productivity of

originally cultivated low land, and failure of irrigation structures due
to poor maintenance, erosion is extremely 
severe. In contrast, areas

where vegetation still exists (Courjolle, Matieux, Torcelle) and where 
man has not much influence a certain natural balance still holds, and
erosion is not as significant. This can be detected by the relatively
cleaner water and less debris deposited downstream. Man's interference

due to overpopulation and food needs 
is neither controlled nor produc­
tive. 
 Laws are not updated or enforced. Farming operations are not
technologically sound, 
either due to lack of institutional interference
 
or to poor quality technicians or lack of capital to provide services,
infrastructure incentives, lack of research to 
decide on proper cropping

patterns and varieties, lack soil 
surveys, data collection, etc.
 

2. Climate. Rainfall intensities, distribution and amounts arevariable. Some regions receive precipitation all year around. Some
locations get hurricanes of 500 mm per day, such as what happened in
Jacmel in 1944, or due to Cyclone Hazel (1954) in Cayes. Some places
get an average of 200 to 350 mm/month (Kenscoff, Jacmel, Ridoree,

Cap-Haitian, Hinche), which might come in few rainfalls and cause 
erosion. Temperature data is missing through 
most of the country.
 

89
 



Climate is a factor that we cannot control, but with proper watershed 
management and improved cultural practices, we can control its effects. 

3. Topography. Sixty-three percent of Haiti has 20slopes percent 
or higher (sometimes up to 120 percent) and only 29 percent of the land 
has slopes less than 10 percent.
 

4. Land Resources. No detailed comprehensive soil survey has been

done for the country except for L'Acul Basin. The land capability
studies show 233,000 of Class II land; haabout ha 305,000 of Class III
land; and 255,000 of Class IV land. The remaining area is of 
Classes V-VIII. 
 The areas of Classes III-VIII need some sort of conser­
vation practices, i.e.. on about 92 percent of the total area of Haiti 
(2,769,000 ha). 
 Out of the 233,000 ha of Class II, it is estimated that

90,000 ha are under irrigation, and one can safely assume that man is
cultivating the remaining area of Class II under rainfed conditions. 
Therefore, these lands require more attention in 
terms of management and
studies to ensure erosion control and optimize production. Especially
needed are the fertility status of the soils in different regions since
farmers have been depleting the soil nutrient capability and do not 
apply fertilizers.
 

5. Water Resources. Water is abundant in Haiti, but not really
studied with respect to streamflow, quantities, use, and with respect to
soil moisture storage and depletion, crop water requirements, ground­
water fluctuations and capacities, evaporation, etc. The reports

available mostly 
 show estimates or use empirical approaches. Nocontinuous monitoring of watershed systems, or rainfall amounts, orgroundwater fluctuations could be found except for very few places.

Such data is of utmost necessity for proper watershed management, for

engineering design purposes, and for irrigation scheduling and conserva­
tion practices, as well as for cropping selection and cropping pattern

adoption in different areas so as to maximize production by optimizing

cropping management techniques.
 

The major socioeconomic and institutional constraints to soil
conservation in the uplands are well known so only a few statements are 
necessary:
 

1. Off-Farm Employment. Any time spent in conservation practices 
must be balanced against wage work or sharecropping. Any efforts to
increase yields must be balanced the same way. 

2. Food Security. It is not clear how much pressure for family
food can be relied upon to induce some effort at soil conservation. The

relationship between operating tree plantations and obtaining food
security is unknown. Most tree planting thus far has not been on the 
hillsides, except in the lac Peligre watershed program.
 

3. Communication and Coordination. 
There is lack of communication
 
between farmers and technicians fr5 the GOH agencies and between
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farmers and technicians from the GOH agencies and between farmers and 
specialized agencies and among agencies. 
 Local engineers, agronomists

and localized agencies work without of newalone, benefit programs or 
technology that might have succeeded elsewhere.
 

4. Discontinuity and Motivation. Except for the Peligre area,
follow-on activities cease once the terraces are built. Poor management

of projects is due to poor technician motivation, their need to hold 
more than one job, etc. 

5. Law and Enforcement. A part of any soil conservation solution
is to utilize legal sanctions as far as they will work, even if that is
not much. Any laws that exist appear to be ignored; new ideas for 
regulation are not implemented with disoatch.
 

6. Household Fuel Alternative. At present the only charcoal
policy seems to be to replace cut trees at least as fast as they arebeing taken out (this does not mean that the policy is successful).
There is little or no evidence that GOH has an effective program to stop

indiscriminate cutting of existing trees. 
 Is a viable charcoal
 
substitute in urban areas impossible to 
find?
 

7. Lack of Commitment to Solutions. Very few projects of soilconservation were observed, given the need. This is certainly due to 
lack of budget. .Most projects require some government planning or help.
More awareness of the dangers of the present situation should be taught
to every child who attends school. The support of urban residents for
watershed ,)rotection is needed. Their own water supplies are
threatened. Pipes being replaced in PAP at the present time are full of
 
silt. No doubt GOH needs assistance of the international community to
battle the nations's serious erosion problems, but is it doing all that 
it can on its own?
 

Perhaps a National Soil Conservation Authority could be established
which would be strongly backed by the government. All disciplines
involved should be represented with the objectives of planning,
designing, executing, maintaining and financing conservation projects.
 

A review of laws of soil conservation and land fragmentation could
be conducted. It is important that these laws are respected and
enforced. In the .S. there are laws that govern the control of soil
erosion from a certain uphill parcel to another downslope. Farmers canbe sued by their neighbors if they leave their land uncontrolled withrespect to erosion and sedimentation. In Haiti we understand that 
similar laws with on slopes exist, butdealing farming evidently those 
laws are not enforced. 

The environmentally damaging cultivation of hillsides and mountains
is being carried out by two very general farmer classifications. The
first is made up of those who can find little or no food security in any
other way. The second is composed of farmers who have some food 
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security base in the plains. Additiona: subcategories could be defined,
but the essential point is that it might be easier, politically
speaking, to invoke sanctions against the latter category.
 

Population density is high, food reserves are low and it isquestionable whether any conventional soil conservation programs areapplicable. A detailed feasibility study for the different watersheds 
may reveal that to achieve a successful program it might be more
feasible to organize a large rehabilitation program by which people aremoved to ne,i areas where viable mobilization alternative (urbanization)
might prove more useful aid economical.
 

In summary, GOH is the major entity that can perform the job (with
the help of international agencies). Consideration of the local needs
and traditions must be balanced against the country's ecological andagricultural needs, which together with successful law enforcement andcontinuity in management and control, could create a feasible soil andwatershed management program. GOH might 
have to invest in these
 programs much more than what it could ever hope to get from taxing the 
irrigators.
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Annex E
 

NOTES ON AGRICULTURE SECTOR POLICY PROPOSALS
 

Wheat Substitution Policy
 
and Export Tax Reduction
 

"...stimulate further substitution of wheat for home produced
food grains, thereby lowering prices in general and reducing
the pressure to produce food crops on at risk lands" (Kite 
and Pryor, 1983).
 

Prices will have to fall an awfully long way before farners inHaiti are going to leave land idle. Cash receipts may be reduced and some farmers may to crops, but theshift tree desire for food security
will keep most hillsides in production more or less as at present.
 

Food grain policy to force corn and sorghum prices downward

and export tax reduction to encourage coffee production
(USAID, 1984; Berg, 1984; Kite and Pryor, 1983.)
 

The idea is that farmers who are confronted with lower corn andsorghum prices will find the increased profitability in coffee (due toexport tax reduction) great enough to 
induce planting of this tree crop
in the hills. Ignoring the lead time to get trees into production,especially on 100 percent slopes, it is obvious that not all hill landwill support coffee trees. Will farmers move smoothly into a cashcrop/food purchase (imported staples) way of living, or will there be a 
lot of pain and misery?
 

The reasons advanced for a different foodgrains policy have 
some
logic, but it is difficult to have faith that all interlocked benefits

identified by the authors will materialize. The big negative impact
will be on rainfed farmers to the extent 
 they now have cash sales ofmaize and sorghum. We also doubt that rice growers will be exempt from
downward price despitepressures arguments to the contrary (Kite and
Pryor, 1984). The only ones who will 
shift to coffee are those who know
something about the crop. 
 The brunt of the adjustment will be taken in
the rural areas. Urban consumers will benefit through a major shift in
domestic agriculture sector terms of trade.
 

The argument that lower food grain prices will enable presently
undernourished persons to increase their food intake may apply to urban
poor, but it seems to overlook the fact that agriculture sector incomewill fall in general and the rural hungry will still not have the money
to buy even at lower prices.
 

An associated argument 
is that current high domestic grain prices
"impose a terrible resource burden on the nation" (USAID, 1984). No 

95
 



evidence of magnitude is presented. In fact, the actual burden may not

be too bad compared to the immediate and long range negative rural

income consequences of what 
is proposed in the 'food for development

program.'
 

A different policy would tighten the tax 
screws on urban consumers
to finance dissemination of cost cutting technology to farmers for crops

that have genuine potential for absolute advantage (export) in produc­tion or towards parity 
at world prices (costs of basic staples). (The

trend in world grain prices is down, and parity gets hrder and harder
for any country to achieve.) Consu:m r prices for basic grains 
can be
left a little high to benefit rural sector income. Many fancy imports
should be choked 
off, strict foreign exchange controls should be

applied, and in general, 
selected protectionist policies should be the
 
rule, at least for the short run.
 

More food may well 
be needed in Haiti, but an attempted solution

should not involve destruction of the primary sector and exacerbation of
 
already extreme class and power differentials.
 

Subsidy of the Agriculture Sector Is Justified
 
At Least in the Short Run
 

Paternalism Versus "Productivism"
 

One of the most striking elements of current GOH agriculture sector
management is the reliance for development upon a structure of donor
grants from private sources as well as international agencies. The
associated policy issue is the degree to which government ministries are
willing to erect a foundation for long-term 
sustainable agriculture on
 
the basis of external subsidy.
 

The Minister of 
Plan told the WMS II Team that the GOH wished to
 move away from paternalism and wanted a self-sustaining agriculture

sector. 
The former Minister of Agriculture stated that there were other
important rural objectives besides mere "productivism." His position
appeared to be that small farmers could carry the food burden if only
they were given enough transitional support at public expense.
 

Probably there is a connection between depth of poverty and higher
justification for subsidy. Nevertheless, what 
any subsidy is meant to

accomplish should 
ne thought out. A sharp distinction might be dravnbetween production and welfare activities. The latter are usually but 
not always subsidized. If the international community chooses to bear asubsidy burden for productive investment, it is their choice. As far as
 
a country in Haiti's position is concerned, the best rule of development
planning is that every State-initiated productive effort should be ableto stand on its own feet in the long-term. The only nations that can

afford perpetual internal subsidy 
are the rich ones. The GOH should be

cautious about utilizing its own development budget on any productive
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activity which will need subsidy; it has enough problems financing
health, sanitation, education and other welfare (consumption).
 

Cunstant subsidy injections mask real 
costs in Haiti's agriculture

sector and may not even be generating hoped-for "transition" and greater
private initiative since a majority of funds are filtered throughinefficient GOH structures that may or may not be supportive of articu­lated aims and goals. Subsidies slow or prevent the required shifts in
the direction of long-run productive viability (sustainability). From astrategic forecasting perspective, the important question to ask is,Where would Haiti's agriculture sector be if most subsidy were squeezed
out? What would be the impacts on the poor? On the rich? Apparently,
international donors feel the cure would be worse than the disease. 

In sum, subsidy arguments can be twisted every which way, but theyalways come back to the starting point: somebody pays, somewhere, some­
time. 

Global Rural Development Policy
 

Haiti is possibly the world's premier of
example Malthusian
prophecy come true--population size and a degraded resource base aretotally out of balance. The present issue is, Can such a balance be
reestablished? And what form vould the result take? 

Some unknown but large percentage of people farming and exploitingany of the critical watersheds, slopes, or topographically sensitives-ires have got to be moved to the lowlands. Extensive rehabilitation 
must then be undertaken.
 

The next point to be recognized is that there is no likelihood that
the farming systems of the lowlands can be arranged s-as to absorb the
displaced "hill people." By-and-large, these displaced persons 
 must 
become urbanites. 

All of the ideas and proposed actions that aim to reestablish abalance via comprehensive rural development efforts can probably bewritten off. does mean thereThis not that should not be efforts atreforestation, or that a fuel and energy policy will not be needed orthat particular segments of the rural suchscene as irrigation should 
not be made more productive, etc. (Delatour, 1984). 

However, it is selected urban zones that must be changed anddeveloped to provide the jobs and livelihood for the relatively largepopulation of TheseHaiti. actions and programs will have to besubsidized from the "outside" for some indefinite length of time byworldwide institutional internationaland donors. (Americans will haveto buy from Japanese plants located in Haiti.) This line of reasoning
may appear radical and seem to move too far too fast, but such a programis at least technically feasible, whereas attempts to somehow turn rural
Haiti into the nation's leading sector never will work.
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Annex F
 

CHRONOLOGICAL LIST OF ACTIVITIES
 

USAID/Haiti - WMS II Irrigation Sector Review
 
August 20 - September 15, 1984
 

Team: 
 Dr. Allen D. LeBaron, Resource Economist, Team Leader

Dr. Robert W. Hill, Irrigation Engineer and Hydrologist
Dr. Anwar M. Battikhi, Soils and Irrigation Scientist 

In-Country Coordination Provided by Dr. John V.D. Lewis, USAID
 
Assisted by Humberto Pizarro, Irrigation Engineer, IICA
 

Monday R.W. Hill arrived Port-au-Prince (PAP). (IICA assigned
August 20 
 H. Pizarro and provided local transportation for PAP and
 
vicinity.) 

Tuesday R.W. Hill met with IICA staff, H. Pizarro and Ariel Azael.August 21 Discussed rainfall adequacy and irrigation _ystems
inventory studies some
(also related discussion with

Dr. Downard, USDA veterinarian and Dr. Amelingmeier, IICAveterinarian, about their programs and Haiti an 
situations).
 

Discussions with Dr. Percy Aitken-Soux (IICA)

J.V.D. Lewis (USAID). Meeting 

and 
at USAID with J.V.D. Lewis,

Gustave Menager (Agronomist, USAID), and Mohammed 
Rahman
(Sheladia Assoc.). Reviewed generalities of irrigation and

soil conservation in Haiti. Further discussion with 
Richard Byess and J.V.D. Lewis.
 

Wednesday Traveled to Irrigation District headquarters at Croix des
August 22 Bouquets in company of Luis Oberti (IDB), H. Pizarro and
M. Rahman. Meet with Director Fritz Boutin and Eng. GuyBernadotte. Discussed Riviere Blanche and Riviere Grise 
projects as well 
 as overview of general operation andmaintenance activities. Visited Riviere Grise diversion
site. Further discussion 
with Mr. Andre Cham, water
 
controller, relative to irrigation 
 tax procedures and
 
rotation schedules.
 
A.D. LeBaron arrived; further discussion with P. Aitken-
Soux.
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Thursday 

August 23 


Friday 
August 24 

Saturday 

August 25 


Sunday 

August 26 


Met at IICA with P. Aitken-Soux and Ar':el Azael. Back­
ground information, typical projects, some institutional
 
aspects of Mir,stry of Agriculture (MARNDR), and regional
development organizations. Political control 
at village

level.
 

At AID discussed proposed travel itinerary with J.V.D. 
Lewis and Gus Menager. Visited Ministry of Economics

Department of Commerce, looked for import/export data. 

and
 

Dumont of Ministry of Finance 
Mr. 

Customs Department agreed to 
summarize data.
 

Looked at deforestation, estimating work Warrenof Cohen,an 
AID forester. Further discussion with J.V.D. Lewis
 
relative to purpose 
of Team study of irrigation sector.
Obtained information on food for work soil conservation programs from Peter Graeff of Church World Servi-e; 

Hill and LeBaron traveled with J.V.D. Lewis, Jim Talbot and
H. Pizzaro to Croix des Bouquets; joined by F. Boutin and
G. Bernadotte. Continued on to Duvalierville and visiteddiversion works of Torcelle, Courjolles and Des Matheuxsystems. Observed AID-financed small projects flume

construction on 
right hand Torcelle canal.
 

Attended debriefing of Land Tenure Center rural sociolo­
gists, Suzy Mathieu and Gina Gerdes, relative to Dubreuil
 
system.
 

A.D. LeBaron, R.W. Hill, J.V.D. 
Lewis, H. Pizarro and

Mohammed Rahman (of Sheladia), joined by F. Boutin at Croix
des Bouquets, traveled to the east. Talked with farmer
irrigating shallots with small basins. Visited colonial
i'-rigation development Despiuzeauat springs and on up toRiviere Blanche diversion. Returned alonq left side canal
 
to co-op pump station by highway.
 

Traveled to Thomazeau, joined by Marcel Duret, then con­tinued to Manneville and P-2thil springs. 
 Inspected pumping
 
systems.
 

Returned to Croix des Bouquets and up to Riviere Grise
diversion. Talked to farmers irrigating shallot and other 
vegetables. 

Strategy and study plan discussions (A.D. LeBaron and
 
R.W. Hill).
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Monday 
August 27 

Tuesday 

August 28 


Wednesday 

August 29 


Reviewed documents at IICA. Met with Abdul H. Wahab and
J.V.D. Lewis at AID, discussed rural sociological and 
agronomic studies. withMet Vince Cusumano and J.V.D.
Lewis, discuss study Team constraints and desired produc­
tion. With Richard Byess, AID economist, reviewed avail­
able economic information. Acting AID director, Phyllis
Dichter, instructed Team as to main objectives of study.
 

A.M. Battikhi arrived. 
 Further strategy discussions. AID
 
interventions decided.
 

U.S. Ambassador, Clayuton McManaway, received Team August

along with P. Dichter, V. Cusumano, J.V.D. Lewis and Ken
 
Lauren, Peace Corp Director. Discussion of USAID expecta­
tions and probable Team results.
 

A.M. Battikhi and R.W. Hill met with soils scientist, Agr.
LaFortune and meterologist, Agr. Dorvillier (R.W. Hill) 
of

the University faculty. Determined what studies have been
 
and are being conducted and what data may be available.
 

Minister of Plan, Mr. Blanchard, and selected staff meet
with Team and J.V.D. Lewis and H. Pizarro. Discussion of
their programs related to agriculture and irrigation.
Desire for money made clear. 

Minister of Agriculture, Mr. Saint Dic, and selected staff 
met with Team and J.V.D. Lewis, H. Pizarro and J-R. Sam
(Director Agricultural Division Ministry of Plan). 
 Presen­
tation of MARDNR program emphasis, goals and policies.
Against "productivism"--need lots of "transition" money and 
peasants will will 
work their way off subsidy.
 

At IICA continued document review. 
A.M. Battikhi to MARNDR
 
m,et with Agr. R. Cassagnol, Head Div. of Natural 
Resources
 
Eng. J. Roy, Irrigation Service and Agr. F. Hyppolite,
Programming. Visited with Danielle of IICA about rural 
rural social conditions.
 

Team and J.V.D. Lewis, H. Pizarro and J-R. Sam visited Mr. 
Guy Chapond of FAO. He reviewed various programs and areas
 
of emphasis, particularly in ODVA and ODN localities.
 

Group continued on to IDB where Dr. Luis Oberti reviewed 
history of ODVA and IDB involvement. Failure to cover O&M 
costs. 
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August 30 

thru 


Sept. 2 


Thursdy 

August 30 


Friday 
August 31 


Saturday 

Sept. 1 


Field trip Team composed of J.V.D. Lewis, G. Menager,

H. Pizarro, A.M. Battikhi and R.W. Hill traveled toward 
Cap-Haitien via St. Marc, Lac Peligre, Hinche and returned 
via Limbe, St. Michel de l'Attalaye, Gonaives and St. Marc 
to PAP. 
 A.E. LeBaron remained in Port-au-Prince.
 

L. Oberti and J-R. Sam accompanied field trip Team (FTT) to
 
ODVA. Along the way identify many small irrigation systems

that are apparently community maintained and operated,

i.e., Montrouis, Lenzac, Pierre Payen, Bois Neuf, Camarie,
 
several on Canot riv. etc.
 

Met with ODVA Director General, Jean Andre Victor and 
Eng. Grand Pierre. Mr. Victor discussed major constraints
 
ODVA is faced with. He indicated that there were six small

nearby systems, of which ODVA (and FAD) may help two or
three for rehabilitation. Eng. Grand Pierre then gave a
guided tour of ODVA areas on up to the diversion works. 
The Team talked to three farmers on ODVA and two farmers on
 
Riv. Bois system. All grew rice. 

Traveled up the Artibonite Valley past Boucan LaFete and
 
Zeppelin and other small systems, past LaChapelle dam site 
on to Mirebalais; then to Peligre guest house.
 

Agr. Henri Louis-Jeune described Electricite d'Haiti soil 
erosion/conservation program on Lac Peligre watershed.
 

Henri Louis-Jeune described transversal region of Haiti, 
ODBFA and CORCO Plan.
 

Traveled to Thomonde, Hinche and Maissade. Visited old 
diversion structure near 
Maissade (via horseback). The
potential irrigated area appears to be productive as is.
About 150 to 200 persons of the local population came to 
express interest.
 

Returned to Hinche, visit reforestation nursery.
 

Traveled from Hinche north to San Raphael. Looked at ODN 
project, talked to President of Farmers Association, 
learned about 
operation and maintenance procedures.

Observed diversion structure on the Bouyaha River; it is
 
still in relatively good condition.
 

Visited source Merlene with farmer and volunteer syndic,
southwest of San Raphael.
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Traveled north through Pignon, stopped at the barrage for
the La Tannerie system. Continued through the Plaine du
Nord, looked for various small irrigation systems (La
Beaulieu, Grisongarde), arrived at Cap-Haitien.
 

Sunday Traveled from Cap-Haitian southerly through Limbe area,Sept. 2 observed FAO soil erosion control project conditions.

Traveled along the Ennery River, observed small (10-11 ha.)
irrigation systems with farmer constructed rock barrages. 

Looked at proposed dam site on the upper Canot River at the
 
confluence of two tributaries.
 

Picked up Pastor Lubin at Saint Michel de l'Attalaye,
traveled 
on to Nan Paul and then to Quartier Mamon. 
Observed irrigated rice land with local chief. Apparently

irrigated by farmer constructed ditches and dams built of
local available materials. Water source was a spring.
Reportedly there were two other larger 	 springs downstream. 

Returned to Saint Michel de l'Attalaye and then traveled to
ODPG area. Looked at diversion and pump at La Quinte. 

Traveled to Gonaives and on south into the lower Artibonite
valley. Passed through lands which would be suitable for 
center pivot 	irrigation schemes.
 

Visited the Tapion irrigation system, where a unique

elevated precast concrete flume had been constructed in the
 
1970s. Returned to Port-au-Prince.
 

August 30 A.D. LeBaron remained in Port-au-Prince. Document review,
thru writing and meetings with G. Werleigh regarding marketSept. 2 	 statistics and old IICA project, Agr. Duplan marketing.

Vice Dean J.E. Alexis did not keep appointment. Also,
interviewed 	 J-R. Sam. Customs and equipment cost data
 
obtai ned.
 

Monday 	 Document review. Some discussions with Jack D. Hancox, Ken
 
Sept. 3 	 Heneise and R. Amelingmeier about PVO activities and dis­

placement of irrigators on State projects. 

A.D. LeBaron, R.W. Hill and H. Pizarro visited Riviere 
Blanche and talked with pump co-operative member and

another farmer. Took a series of flow estimates along
canal Ti Marche. 
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Tuesday 

Sept.4 


Wednesday 
Sept. 5 

Thursday 

Sept. 6 


A.M. Battikhi visited Riviere Courjolles and Riviere Grise 
head water areas with 
Esteban Hernandez of IICA.
 
A.D. LeBaron met with Eugene Roy to discuss historical 
maintenance and reduction of effective river flows.

A.D. LeBaron, R.W. Hill, J.V.D. Lewis and SamJ-R. visited 
DATPE Director, Pierre Saint Albin. Discussed Ministry of

Plan role in regional planning and environmental

protection. Obtained summarysome information on actual 
and potential irrigated area. Research assistant to get
contractors' costs for concrete placement.
 

A.M. Battikhi, R.W. Hill, H. Pizarro and J-R. Sam travel to
 
Jacmel, met with Director of District, Agronome Noel and
Eng. E. Faucaud. Discussed the general activities of the
district. Eng. Foucauld accompanied the group in the field 
to visit Marigot area and Belle Roche (on Riviere des
Plantils) and Pave irrigation systems (which were
apparently J.G. White construction in the 1950s). Talked
with farmers at Rodaille who had created springown from 
hole in buried concrete pipe main. 

Returned to Jacmel; visited rock dam diversion site of 
LaFond 
barrage 

System on LesGosselines River 
on Riv. Orangiers. Looked at 

and 
the 

small concrete 
13 ha Menoisiel 

system, one of ten or so farmer constructed and maintained
 
systems on the Grande Riviere de Jacmel. Returned to
Port-au-Prince. 

A.D. LeBaron remained in Port-au-Prince, continued writing
and document review, met with R. Byess, Jane Westcoff and 
G. Caprio discuss Title III assumptions.
 

(AM) Document review and writing 
at IICA. Submitted
 
proposed outlines of 
 report and memorandums to Dr.
 
Cusumano.
 

(PM) A.D. LeBaron, J.V.D. Lewis, H. Pizarro, A.M. Battikhi,

R.W. Hill accompanied by J-R. Sam and Judy Ingalls departed

Port-au-Prince for field trip to Les Cayes area.
 

Met Eng. Charles Montes at Petit Goave. Looked at System
Barrettes barrage and other structures. Discussed farmer
 
water turn cards, etc. This system was a J.G. White
original and R and B in 1979. Visited Fond des Negres
(Abraham) system which is a drainage collection canal.
Continued to Cayes, by the St. duLes pass Louis 
irrigation system. Arrived at Les Cayes. 

Sud
 
Met with Michael
 

Yeates, anthropologist working with a CYMMIT field trial 
program for corn on non-irrigated areas.
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Friday The Team was joined by Amal Chatterjee, agronomist for
Sept. 7 farming systems projects (U. of Arkansas) and Eng. Eric 

Armand, local private consultant, who had worked with some
of AID's 10 K programs. Visited systems irrigated by
drainage canals in Torbeck 
area; Syst. Bourry d'Agrodrip
(Riv. Guilleme), Syst. Desrochers (Riv. T" Simon 
Deronceray). Talked to presidents of community groups and
farmers. Visited DaParafres du Canot (Quebec project)
barrage disaster. Observed culvert channel
and bank
 
problems limiting canal capacity at system Chalette on 
Riviere La Battre.
 

Visited the DCCH headquarters of the Avezac irrigation

project. Agr. Felix Lorenstein presented an overview of
 
the canal system design and layout along with organiza­
tional strategies. Design capacity is 0.9 lps per hectare
 
of continuous flow at the end of the primary canal. 
Visited the main system and diversion works with Felix.
Oiscussed water measuring structures, suggested possible 
use of broad crested weirs. The barrage was first built in

1769 and rehabilitated in 1945, and still functions with 
some repair needed on radial gate.
 

Traveled to Maniche Valley north of Les Cayes. Agr. Gardy
Fleurantin took Team to Melon irrigation system, which has 
been cleaned over the past six months. Also visited Syst.
Robert from Source Tet. Both systems are J.G. White 
vintage and difficult to maintain. 

Saturday Team was joined by M. Rahman Eng.
(Sheladia), Lucien

Sept. 8 Badeau, Eng. Mesidor of PDAI and Eng. Myrville, District 

Engineer. Traveled into the Dubreuil project 
 area,

followed main canal (J.G. White construction) up to diver­
sion barrage. Observed masonary construction practices on 
the laterals (secondaries) and tertiary turnouts. Talked 
to farmers. Observed 200 lps spring that joins main canal. 
Riv. Acul is the water supply at the barrage. 

Visited colonial aqueduct still standing almost entirely 
across Ravine Seche.
 

Traveled to Chantal system which is on right bank of Acul
opposite the Dubreuil system but obtains water from a
spring. Continued around to Riv. Des Mornes, looked at 
potential dam site. Continued to Syst. de Minere (Riv.
Muscadin) north drainage source with Eric designed
distribution basin.
 

Met with Pere La Coste who had helped with organization and
funding of Gaston, Chalette and other systems. Discussed 
his approach and experiences. 
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Visited Riv. l'Islet (AID 10 K) barrage. Well done struc­
ture, canal excavation is under way; funded from another 
source.
 

Returned to Port-au-Prince.
 

Sunday Report writing, some document review.
 
Sept. 9
 

Monday V. Cusumano, J.V.D. Lewis, P. Aitken and the Team met with
Sept. 10 new Minister of Agriculture, Mr. Flambert, at Damien. 

Discussed topics of interest to the Minister as well as
brief presentation of findings by the Team. Visited the 
Irrigation Service offices and talked with several staff 
members. Further discussion with Director, Julio Roy. 

A.M. Battikhi and R.W. Hill met with AID engineers Ed Oriol

and F.M. Temmel. Visited Service Geodesie et Cartographic
with J. Talbot and J. Ingalls. Looked at Feb. 1978 infra­
red photo set of Haiti (1:40,000). Discussed possibility
of using Landsat 4 data. A.D. LeBaron visited R. Byess,

reviewed Haitian version of policy 
GOH wants from
 
Title III.
 

Team, along with V. Cusumano, J. Lewis and J. Ingalls, met
 
with U.S. Ambassador for debriefing of findings and
 
conclusions to date.
 

Tuesday (AM) Report writing. (PM) Traveled to Leogane irrigated
Sept. 11 
 area with J. Lewis and J. Ingalls. Met with extension

director Josue Bartholome. Looked at features of irriga­
tion system, discussed their programs and situation. 

Wednesday Report writing.
 
Sept. 12
 

Thursday Report writing.
 
Sept. 13
 

Friday At IICA sorted through documents. Took material to AID. 
Sept. 14 

Team, with J. Lewis, met at Ministry of Plan with Dir. Gen.
Yuon Buirand, P. Saint Albin, P. Mathurin and J-R. Sam. 
Debriefed on principal findings and recommendations of
 
Team.
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Finished up last details at AID. 

Met with Ann Hauge of Agri-Supply Co., Brunet George and
Marcel Duret of AgricCorp. Went with Ann Hauge to meet
with retired engineer Tabon. 

Saturday Team departed Haiti.
 
Sept. 15
 

Note on Terms of Reference 

Five objectives stressed by the Acting Mission Director may be
mentioned as follows: 

1. 	 Suggestions about a categorized way for donor igencies to look
 
at potential projects in the subsector, including methods of
approach, contracting facilities and sharing co-sponsorship;
 

2. 	 Suggest ways to interface soil conservation measures with
 
irrigation system O&M;
 

3. 	 Suggest institutional rearrangements that alleviate 
some 	of

the rehabilitation and maintenance problems now plaguing the 
network;
 

4. 	 Specific review and comment upon particular systems in which 
the USAID Mission seeks investment counseling; and
 

5. 	 Make specific recommendations for USAID interventions in soil
 
conservation and irrigation.
 

Due to the amount of time the Team could devote to 
this 	assignement

and 	the possibilities for obtaining relevant site 
 specific data,
Topics (1) and (2)were given minimum attention. The main focus of this
report is upon the many aspects of irrigation system operation andmaintenance that impinge upon Topics (3), (4) and (5). Topics (4) and
(5) 
are given additional coverage by separate memoranda to USAID/Haiti.
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WATER MANAGEMENT SYNTHESIS PROJECT REPORTS 

WMS 1 Irrigation Projects Document Review 

Executive Summary 
Appendix A: The Indian Subcontinent 
Appendix B: East Asia 
Appendix C: Near East and Africa 
Appendix D: Central and South America 

WMS 2 Nepal/USAID: Irrigation 
Strategies for the 1980's 

Development Options and Investment 

WMS 3 Bangladesh/USAID Irrigation Development Options and Investment 
Strategies for the 1980's 

WMS 4 Pakistan/USAID: Irrigation Development Options 
Strategies for the 1980's 

and Investment 

WMS 5 

WMS 6 

Thailand/USAID: Irrigation Development Options and 
Strategies for the 1980's 

India/USAID: Irrigation Development Options and 

Investment 

Investment 

Strategies for the 1980's 

WMS 7 General Asian Overview 

WMS 8 Command Area 
Management 

Development Authorities for Improved Water 

WMS 9 Senegal/USAID: Project Review 
Perimeters Project No. 685-0208 

for Bakel Small Irrigated 

WMS 10 Sri Lanka/USAID Evaluation 
Project No. 383-0057 

Review of the Water Management 

WMS 11 Sri Lanka/USAID: Irrigation 
Strategies for the 1980's 

Development Options and Investment 

WMS 12 Ecuador/USAID: Irrigation Sector Review 

WMS 13 Maintenance Plan for 
Northeast Thailand 

the Lam Nam Oon Irrigatien System in 

WMS 14 Peru/USAID: Irrigation Development 
Strategies for the 1980's 

Options and Investment 

WMS 15 Diagnostic Analysis of Five Deep Tubewell 
Joydebpur, Bangladesh 

Irrigation Systems in 

WMS 16 System H of the Mahaweli 
Diagnostic Analysis 

Development Project, Sri Lanka: 1980 
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WMS 17 	 Diagnostic Analysis of Farm Irrigation Sysems on the Gambhiri 
Irrigation Project, Rajasthan, India: Volumes I-V
 

WMS 18 Diagnostic Analysis 
of Farm Irrigation in the Mahi-Kadana
 
Irrigation Project, Gujarat, India
 

WMS 19 	 The Rajangana Irrigation Scheme, Sri Lanka: 1982 Diagnostic 
Analysis
 

WMS 20 System H of the Mahaweli Development Project, Sri Lanka: 1983
 
Diagnostic Analysis
 

WMS 21 Haiti/USAID: Evaluation of the Irrigation Component the
of 
Integrated Agricultural Development Project No. 521-0078 

WMS 22 	 Synthesis of Lessons Learned for of
Rapid Appraisal Irrigation
 
Strategies
 

WMS 23 	 Tanzania/USAID: Rapid Mini Appraisal of Irrigation Development 
Options and Investment Strategies 

WMS 24 	 Tanzania/USAID: Assessment of Rift Valley Pilot Rice Project 
and Recommendations for Follow-On Activities 

WMS 25 	 Interdisciplinary Diagnostic Analysis of a Work Plan for the 
Dahod Tank Irrigation Project, Madhya Pradesh, India 

WMS 26 Prospects for Small-Scale Irrigation Development in the Sahel
 
WMS 27 Improving Policies and 
 Programs for the Development of
 

Small-Scale Irrigation Systems
 

WMS 28 
 Selected Alternatives for Irrigated Agricultural Development in 
Azua Valley, Dominican Republic 

WMS 29 	 Evaluation of Project No. 519-0184 USAID/El Salvador, Office of 
Small-Scale Irrigation - Small Farm Irrigation Systems Project


WMS 30 Review of Irrigation Facilities, Operation and Maintenance for
 
Jordan Valley Authority 

WMS 31 Training Consultancy Report: Irrigation Management and
 
Training Program
 

WMS 32 Small-Scale Development: Indonesia/USAID
 

WMS 33 Irrigation Systems Management Project Design Report: 
Sri Lanka
 

WMS 34 	 Community Participation and Local Organization for Small-Scale 
Irrigation 

WMS 35 	 Irrigation Sector Strategy Review: USAID/India; with Append­
ices, Volumes I and II (3 volumes)
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WMS 36 Irrigation Sectir Assessment: USAID/Haiti 

WMS 37 African Irrigation: An Overview; with An Annotated Biblio­
graphy (2 volumes) 
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