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1. Executiue summary

The Agroforestry Outreach Project (AOP) is the principal USAID/Haiti
effort in forestry, energy and natural resources management -and
conservation. The AOP was authorized on September 32, 1981 for ¢ 8
million and on December 14, 1984 it was extended to March 31, 1987 with
$3.5 million added to continue the original purpose.

The goal of the Project is to reduce, and ultimately reverse, the ongoin
degradation of Haiti's natural resources, and thereby maximize the
productive potential of its land. The primary purpose of the Project is
to motivate Haitian peasants to plant and maintain trees and to achieve
the planting and maintenance of a substantial number of trees. A
secondary purpose is to obtain reliable information on the technical,
economic, and social variables of forestation in Haiti. The Project
Paper (PP) also states that trees planted will normally be planted for
one or more of the following objectives (subpurposes); 1)Soil
conservation; 2)Increased supply of fuelwood; and 3)Income generation,

It is doubtful the Project designers envisaged that the Project, on its
own and within four years, would halt and reverse the degradation which
has been going on in Haiti for over a 100 years. Instead the Project wa:
designed as an experiment to test various approaches, through
non-governmental organizations, for motivating farmers to plant and
maintain trees. This has been accomplished. i

Farmers have been motivated to plant and maintain trees in hopes of
financial gains from personal use and selling of tree products. The side
benefits have been a reduction in accelerated soil erosion, increase
supply of fuelwood, income generation, and a large trained group of
agronomists, animateurs, and moniteurs.

The Project has also been successful, through the efforts of CARE and
PADF, in establishing technically sound systems for production and
delivery of seedlings. These systems are extremely valuable and could be
used for delivering a variety of technologies to farmers including
planting and maintaining fruit trees and marketing agricultural products.

An important part of these systems is the nursery network. The number of
nurseries and their geographical locations seem adequate to meet Project

needs for many vears to come. Seedling quality is good in all nurseries

visited.

It is apparent that the Haitians running the AOP nurseries have received
very good training and could, without outside technical assistance,
continue to operate the nurseries. Techniral assistance would be needed
in the nursery if the present routine were to be changed by introduction
of a tree improvement program, new species, or new technologies.

The major problems remaining with the nurseries are a lack of uniform
record keeping and control of seed collection. Record keeping is
important for duplicating successful planting, determining causes for
failure, and testing new species or programs.
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The implementation of the Project through four diverse organizations has
had good results. During the early stages of the Project, CARE and PADF
were able to rely on ODH to produce tree seedlings, while they
concentrated their efforts on training and farmer motivation. Experience
in other countries has shown that sound nurseries and quality seedlings
do not gquarantee outplanting, thus this approach proved very sound.

The geographical dipersion of the Project, that is, not being concentra-
ted in selected wuantersheds, has had benefits in reaching more farmers and
exposing more communities to the feasibility of cropping trees for income

and other uses. The technologies learned are being spread to a much i
w%ger audience. The impact of this could be very positive in a long-term~”
effort.

The Project need not be changed to continue its accomplishments., It is
not to say that improvaments could not ke made, but that what is being
done is successfully meeting USAID/Haiti's goals. The author feels that
some changes leading to improvement are warranted. The author also
strongly cautions the designers of any follow on project not to destroy
what are the primary reasons for the project's success, that is, its
flexibility of design and simplicity of objectives. Any changes that
increase its complexity will equally increase its chances of failure,
The most obvious areas needing improvement are research, record keeping,
documentation, and analysis of data.

Additional items the Evaluation Team was asked to consider are: (1) the
fruit tree improvement projects ' and whether they should be combined with
AOP or kept separate; (2) whether the AOP should concentrate on income
generation or soil conservation; (3) what effect the Targeted Watershed
Management project will have on AOP; and (4) what steps must be taken to
address recurrent costs and make nursery operations and tree planting

sustainable.
Recommendations

1.1 Continue growing and distributing a limited number of fruit trees
with the AOP

1.2 Continue plantiﬁg trees emphasizing income generation.
1.3 Continue to support Project activities for another 10 or 15 years.

1.4 Complete the economic analysis as soon as possible as the results
could influence the design of any follow on project.

1.5 Study the effect of DRI's tailored packages on time and resources,
tree planting and maintenance, and 12-month survival counts. During the
seven percent checks,” examine and make seedling counts on the farmers'
other parcels.

1.6 Develop an agroforestry resource center, which should be run as a
separate project component by a research group.




1.7 Place Haitians'in charge of tree production and planting activities.

1.8 Determine the exact causes of tree mortality.

1.9 Document existing information on species/site relationships, note
gap; in knowledge, and fill those gaps, as necessary, in the follow on
project.

1.10 Develop and implement a program for selection of quality tree seed
and tree improvement.

1.11 Continue nursery training and monitoring until uniform records are
kept.

1.12 Develop a new grant with ODH to: (1) expand testing and distribution
of its prototype nursery container; (2)sassist in production and
marketing of Haitian mix; (3) continue data gathering and monitoring of
species trials and tree farms; and (4) collaborate with the research
group in product development and seed selection and tree improvement.

1.13 Develop a new grant with CARE that would continue the activities it
conducts now, except CARE would only collaborate on research, not be
responsible for it.

1.14 Develop a new grant with PADF that would continue its same
activities, except it would only collaborate on research, not be
responsible for it. PADF should work more directly with the subgrantees'
central staff rather than through the moniteurs.

1.15 Stump heights should be no less than 35 centimeters from the ground,
until further testing dictates otherwise,.

1.16 Determine manageable extension levels for the animateurs and adhere
to them.

2. Method of Evaluation and Scope of Work

The AOP evaluation team consisted of Ira Lowenthal (Team Coordinator),
Jim Talbot, and John Palmer. To facilitate the Project evaluation
special studies were requested from a)Mike Benge in seed selection and
tree improvement, b)Fred Conway on institutional arrangements, c)Roger
Webb on potential collaboration with USAID fruit tree improvement
projects, and d)University of Maine for a cost/benefit analysis of
Project activities.

The evaluation follows the scope of work (Annex A), the amended and
original evaluation plans (Annex B), and the latest guidance for
preparing evaluations (Annex C).

Relevant Project documents were reviewed which include the Project Paper
(PP) and extension, the Mid-Term Evaluation, the Audit-Evaluation, the
USAID/Haiti 1985/86 Action Plan and latest CDSS, and Grantee reports

submitted to AID.
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During the 18-day TDY, 12 days were spent visiting foresters and their
field sites and six days were spent in Port-au-Prince visiting central
office personnel of PADF, UMO, ODH, and USAID/Haiti. ODue to some
in-country complications it was not possible to visit the central CARE
office or the chief technical expert of ODH. The TDY was completed
February 6, 1986.

There was a special opportunity to join an annual technical meeting of
all Project foresters and some of their assistants. During this meeting
we were asked to consider a number of other items during the evaluaton.
These are listed in Annex D.

This evaluation report only contains the findings and recommendations of
John Palmer. As an evaluator many aspects of the Project were reviewed
but the principle focus was on the author's specific scope of work, which
was to review:

L4
a) the technical performance of the Project grantees in the field, in
terms of:
~ number of trees planted under Project auspices
-~ survival rates obtained
- growth and yield rates achieved and expected
~ species types and quality of germplasm made available
with respect to (1)site-specific conditions and
requirements; (2)farmers' objectives; and (3)maximization
of economic returns
- technical assistance and technological packages extended, "and

b) the nursery network established to support Project outreach
activities, in terms of: ,
~ number and geographical cistribution
- seed and plant material provenances
-~ quantity, quality and timely delivery of planting stock
-~ seedling production systems, potential improvement program
and alternatives, including seed and germplasm improvement
programs, direct seeding, and vegetative propagation techniques
- nurseryman training programs :
- role and potential self-sufficiency (sustainability) of regional
and decentralized nurseries

3. Summary of Project and Accomplishments

3.1 Querview

The Agroforestry Outreach Project (AOP) is the principal USAID/Haiti
effort in forestry, energy and natural resources management and
conservation. The AOP was authorized on September 32, 19&1 for $ 8
million and on December 14, 1984 it was extended to March 31, 1987 with
$3.5 million added to continue the original purpose.

The goal of the Project is to reduce, and ultimately reverse, the ongoing
degradation of Haiti's natural resources, and thereby maximize the
productive potential of its land. The primary purpose of the Project is
to motivate Haitian peasants to plant and maintain trees and to achieve
the planting and maintenance of a substantial number of trees. A
secondary purpose is to obtain reliable information on the technical,
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economic, and social variables of reforestation in Haiti. The Project
Paper (PP) also states that trees planted will normally be planted for
one or more of the following objectives (subpurposes); 1)Soil

conservation; 2)Increased supply of fuelwood; and 3)Income generation.

Project implementation is done under the framework of private voluntary
and non-government organizations (PUOs) as an experimental alternative to
working with the Government of Haiti. Grants were provided to Operation
Double Harvest (O0H), CARE, and Pan American Development Foundation
(PADF). The University of Maine (UMO) was contracted March 1, 1985,
adding an agroforestry research component to the Project. The Project
also includes a Coordination and Technical Support Unit housed in the
USAID Mission to facilitate coordination efforts and provide senior level
technical assistance. This latter unit is not evaluated in this report.

Evaluation of any project is not an easy task. This particular Project
of fers additional challenges because of Ats wide geographical ‘
dispersion--it covers the entire country-- and because it is implemented
through four separate and diverse organizations. During the evaluation
it was quickly apparent that comparison of activities and accomplishments
between CARE and PADF, and even between the five regions of PADF, was
neither fair nor desirable . This is because of the highly wvariable
geographic characteristics and distinct socioeconomic communities in
which each works, .

The Project has successfully met or exceeded outplanting goals, including
number of participating farmers, tree seedlings planted, and survival
rates. Other task accomplishments have been variable especially in
relation to research and reporting. Some of the specifics are outlined

below by implementing organization.

Seedling production has become routine. The successful rootrainers
technology of the AOP has been adopted by others in the development of
their nurseries. UNICORS nursery was funded by Canada and built with
rootrainers technology. They plan to build four other nurseries with the
same technology. OCCH built one nursery with credit from PADF and built
a second with funding from a German PVUO and rootrainer technology. Save
the Children and CODEPLA also built nurseries using rootrainer
technology. Helvetas has five nurseries using this technology.

3.2 Operation Double Haruvest (ODH)

The purpose of the $850,000 Grant to ODH is to provide support to expand
and implement its reforestation program in Haiti. The AID Grant was
designed to support an expanded ODH program of (1) tree nursery
experimentation and demonstration, (2) select seed production and
storage, and (3) hardwood forest experimentation and demonstration ("tree
farms"). The CGrant was extended through December 1986 and $350,000 in
additional funds were -added. The purpose of the Grant was not changed.

3.2.1 Nursery Experimentation and Demonstration

OOH had already begun, prior to the Project, experimenting with: (a) the
appropriate compost mix for seedling development;(b)the relative

6
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advantages and disadvantages of different types of seedling ,
containers; (c)seedling propagation in various nursery conditions, and
(d)resistance and optimal transplant age of various tree varieties,
ODH was to continue these activities under the Grant.

Compost Mix: ODH has put a great deal of effort into developing a
"Haitian" mix from local materials. The best Haitian mix developed so
far still contains up to 20 percent of the imported peat mix.

Seedling Containers: There was no evidence of any experimentation in
this area.

Seedling Propagation: There was no evidence of research in this area.

Optimal transplant age: There was no evidence of research in this area.

3.2.1.1 Species Experimentation and Se2ection

ODH was to carry out a variety of tests with a number of tree species in
a variety of ecological settings. The species were to include:
Azadirachta indica, Cassia siamea, Casaurina spp, and others, as
appropriate. Over 40 species were tested. Appropriate nursery
techniques were developed for germinating and growing seedlings. Field
testing was only completed in one ecological setting, the Cul-de-Sac
area, at the time of the visit.

3.2.1.2 Development of a Tree Seedling Plug System

The AID Grant was to be used to develop a prototype plug system. ODH
developed, and is presently using for all of its nursery operations, the

"winstrip" plug system.
3.2.2 Select Seed Production and Storage

ODH was to continue selecting seed from Leucaena and other promising
species with superior qualities and construct and equip a modern,
high-quality, seed storage facility. There was little to no evidence of
any seed selection process leading to improved seed quality and trees,
We were told that a seed storage facility had just been constructed but
was not operational yet. Time did not permit a visit.

3.2.3 Hardwood Forest Experimentation and Demonstration

This was to be the most significant activity to be carried out by ODH
through the AID Grant. The tree farms had two principal purposes: (1)to
act as testing ground for research on a variety of technical variables
including species selection, rainfall and fertilizer requirements, land
preparation techniques, elevation and slope constraints, etc, and (2)to
act as ‘demonstration centers to illustrate to land holders (small and
large), in the region, that such land can be productively and profitably
used for the cropping of hardwood trees for charcoal and other wood

products.

The original PP called for the establishment of fiuve tree farms with
250,000 tree in each. ODH established nine tree farms. The Project
extension called for an additional 450,000 trees and establishment of a
minimum of 14 tree farms under two different arrangements (Private
landowner/share cropping and State land lease/Peasant farmers). The
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extension also called for a number of other changes, including testing
native versus exotic tree species. At the time of the evaluation not all
the additional tree farms had been established. The original nine tree
farms did test different exotic species and some preliminary harvesting

was done,

Economic data was gathered on profitability of making and selling
charcoal and other wood products., Few other technical variables were
tested. Very few reports or other data have been forthcoming concerning
the tree farms.

3.3 CARE

The Northwest Agroforestry Project of the AOP was designed to develop
agroforestry models which preserve the productive capacity of land in
northwest Haiti and provide local farmers with a reliable source of
income. Over a four-year period, CARE was to involve an estimated 3,500
farmers in planting 4 million trees on private, government, or
community-owned land. -The three schemes to be used were (l)planting on
individually-owned property, (2)planting on state leased land by HACHO,
and (3)planting on rented or share-cropped land. The Project extension
allowed for an increase from $2,350,000 to $2,450,000 of Grant funds.

The regional development organization in the northwest, HACHO, which CARE
was to work with, was dissolved November 1983 and replaced by ODNO, a new
regional development organization in the northwest under the Ministry of
Planning. CARE's relationship with ODNO has remained limited.’

Due to the limited time and other disturbances , CARE's latest
accomplishment figures were unavailable. CARE has involved, as of spring
1985, approximately 12,812 farmers in planting 3,781,330 tree seedlings.
CARE will far exceed its original Project objectives.

CARE operates its own regional nurseries. There are 3 such nurseries.
This may not necessarily be preferred, but due to a lack of PUOs in the
northwest region it is their only choice. CARE started a program and has
developed 18 local (community) nurseries. These local nurseries use the
more common plastic bag technology with materials which are readily
available and provide a potential for sustaining seedling production
after the Project is completed. These nurseries are too new to

evaluate. Presently, CARE supplies materials and buys the seedlings
produced at eight cents each. Their hope is to supply materials on
credit and receive seedlings as payment. Of the 20 species trials
established by CARE in the northwest, data still is being gathered on 15,

The best results in comparing the three different arrangements tested was
achieved on individually-owned property with the owners' direct
participation.

Both CARE and PADF are conducting survival counts using a 3 percent
sample at 6 and 12 months, with a 7 percent sample check.

3.4 Pan American Development Foundation (PADF)
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The purpose of the $3.9 million Grant was to protect the productive
potential of Haiti's land and generate income in rural areas by promoting
and replicating tree-growing and other economically productive and
ecologically sound land uses by small farmers. The results were expected
to reduce soil erosion and increase the fuelwood supply. The specific
objectives were to: (l)establish an agroforestry resource center in
Haiti,(2)establish at least three regional agroforestry outreach teams,
(3)assist in the planning and implementation of at least 80 high impact
agroforestry subprojects and plant 3 million tree seedlings,(4)initiate
improved agroforestry practices and techniques through the establishment
of agroforestry demonstration areas and the training of Haitians, and
(5)gather data and information on forestation efforts in rural Haiti,
regularly analyze the PADF agroforestry extension program to continually
improve technical and motivational efforts, and prepare reports, manuals
and other publications to reflect the analyses and provide effective
training materials.

' 4
The Project extension authorizes a total Grant amount not to exceed $5.59
million and continues the purpose and objectives with minor refinements
and additions. It also states that outplanting rates will be maintained
at the same levels, which are estimated to reach 17.5 million seedlings
in total by December 1986.

-

~3.4.1 Agroforestry Resource Center

PADF has established a collection of technical materials in its central
office which is available for use by everyone. The quality and
usefulness of the materials was not reviewed.

3.4.2 Regional Agroforestry OQutreach Teams

The goal of three teams has been exceeded. Five teams have been
established and, in accordance, the area of influence has been divided
into five regions. One of the regional teams is headed by a Haitian.

3.4.3 Agroforestry Subprojects

PADF has worked with 173 subgrantees over the life of the Project. Of
these 81 were "occasional" grants which were used to test capabilities
and interest. Some of these and others, for a total of 110 subgrantees,
have had full extension projects. In 1985, PADF had 77 active extension
projects. There are 28 subgrantees with nurseries for a total of 32
nurseries having a combined production capacity of 4.6 million seedlings
per season,.

Nurseries are constructed and run by subgrantees with technical
assistance, training, and credit from PADF. The subgrantees provide the
land and the water. The seedlings produced by the subgrantees are
purchased by PADF at 7.5 cents each. At this price the credit extended
is paid off in one or two seasons and then the nurseries operate at a
profit. Most the nurseries use fiberglass rod huts and need technical
assistance and special tools to make repairs. Some nurseries are now
being constructed using local materials for easy maintenance and repair.
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3.4.4 Demonstration Areas and Training

Nearly every participating farmer's field could serve as a demonstration
area and many have, especially by indirectly motivating other farmers. A
great deal of training has been accomplished. Jim Talbot is evaluating
the training component so it will not be covered here.

3.4.5 Data collection and Reports

Through regular reporting by the regional teams a tremendous amount of
information is available. Nursery training materials have been compiled
for their annual nursery training meetings. All the training materials
observed were in Creole. Time did not permit gathering a list of all
reports and training materials produced. One item being produced is a
nursery manual in Creole.

3.5 University of Maine (UMO)

The agroforestry research contract with UMO runs from March 1, 1985 to
September 30, 1986, for a total of $808,524, At the time of the
evaluation an extension thru December 31, 1986 was being considered. The
purpose of the contract is to expand and strengthen the AOP research
activities to produce a reliable and useful data base on the technical
and socioeconomic parameters of reforestation in Haiti. The five
rarticular areas of work are: (l)traditional Haitian agroforestry
systems, (2)silvicultural studies, (3)nursery and outplanting techniques,
(4)species trials, and (5)cost/benefit of agrocforestry systems,

At the time of the evaluation none of the five areas of study had been
completed, but work in all was well along. Jim Talbot will be evaluating
research activities under the Project.

4., Critical Assessment of Project and Accomplishments
4.1 Overview

The Project has been very successful in accomplishing its goal and
objectives. Farmers have been motivated to plant and maintain trees in
hopes of financial gains with personal use and selling of products from
the trees. The side benefits have been a reduction in accelerated soil
erosion, increase supply of fuelwood, income generation, and a large
trained group of agronomists, animateurs, and moniteurs,

The Project has also been successful, through the efforts of CARE and
PADF, in establishing technically sound systems for production and
delivery of seedlings. These systems are extremely valuable and could be
used for delivering a variety of technologies to farmers including
planting and maintaining fruit trees and marketing agricultural products.

An important part of these systems is the nursery network. The number of
nurseries and their geographical locations seem adequate to meet Project
needs for many years to come. Seedling quality is good in all nurseries
visited. Sporadic rains have made timing for growing and delivery
difficult, but basically a good job is being done.
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It is apparent that the Haitians running the AOP nurseries have received
very good training and could, without outside technical assistance,
continue to operate the nurseries. Technical assistance would be needed
in the nursery if the present routine were to be changed by the =
introduction of a tree improvement program, new species, or new
technologies.

imported. If the Project were to close down ghese materials would be
unavailable or prohibitively expensive to pur in Haiti. Steps are
being taken to test and use local materials.

Presently the rootrainers, potting mix and otger nursery materials are

The major problems remaining with the nurseries aRe a lack of uniform
record keeping and control of seed collection. Record keeping is
important for duplicating successful planting, determining causes for
failure, and testing new species or programs.

The implementation of the Project through four diverse organizations has
had good results. During the early stages of the Project, CARE and PADF
were able to rely on ODH to produce tree seedlings, while they ‘
concentrated their efforts on training and farmer motivation. Experience
in other countries has shown that sound nurseries and quality seedlings
do not guarantee outplanting, thus this approach proved very sound.

The geographical dipersion of the Project, that is, not being concentra-
ted in selected watersheds, has had benefits in reaching more farmers and
exposing more communities to the feasibility of cropping trees for income
and other uses. The technologies learned are being spread to a much
wider audience. The impact of this could be very positive in a long-term
effort.

Some additional items that are generally the same throughout the Project,
though differing somewhat with every forester, are covered below. These
are seed quality, pruning, growth and yield rates, species/site
requirements, farmers' objectives, reports, and technology packages.

Seed Quality: There are a number of papers on the quality of seed being
used by the Project. Basically the quality of seed being used by AOP is
unknown and both high and low quality trees are seen throughout Haiti.
Overall the quality of seed being used seems adequate enough to make tree
planting profitable. To maintain or improve seed quality, a seed
selection and tree improvement program is needed.

Pruning: Pruning of lower branches is not being done correctly on all
farms. When pruning is done incorrectly it damages the tree and lowers
the quality and/or quantity of the product. More extension and training
is needed to instruct farmers on how to properly prune branches.

Growth and Yield Rates: GCrowth and yield rates are only being kept for
some species trials. Growth and yield data are needed from the farms to
determine profitability of growing trees, and the best species/site
relationships. UMO has developed a biomass volume table which could be

helpful in determining yield.

11
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Species/Site Requirements: The latest knowledge dh species/site
requirements is known by the foresters and their assistants, but very
little is written. This makes it difficult for others to learn or to

systematically seek to fill gaps in knowledge.

Farmers' Objectives: The farmers' objectives are becoming known only now
that Project trees are reaching harvestable size. The farmers'
expectations and uses reach beyond the charcoal and fuelwood markets into
other wood and tree products. The farmer wants the most he can get from
his trees. This is a very healthy attitude, important for achieving
Project objectives. The Project is well adopted to this attitude. Also
the farmers' objectives for harvesting, what the products or money will
be used for, are very diverse., The Project is just beginning to study
the latter and what effect it will have on extension, training, and
species mix.

Reports: Reports, recording data, and &nalysis of information has, in
general, not been kept at a desirable level. The Project has generated
files of information. Unfortunately it is not summarized into a useful
form or analyzed as to trends or new knowledge. This is not to say that
useful information has not been utilized or exchanged between foresters,
because it has. When a problem existed new information was sought,
exchanged, and used. The problem is that much of this information does
not exist in a useful or written form to be learned, utilized and

improved by others.

TYechnology Packages: Many of the foresters felt the Project should be
offering a complete agricultural package rather than just trees and
different schemes for planting them on a farm. Unfortunately, technology
packages that would have wide spread application do not exist. The
Project is learning and has the capability of learning more, especally
with UMO's study of traditional agroforestry systems. Only through
observations, research, recording and analysis of data, and reporting
will useful technology packages be developed. The Project technologies
being delivered today to the farmers are sound, proven systems.
Preliminary findings by UMO from visiting over 100 farms show at least 82
unique species associations, of which, 58 may have economic importance
and that the AQOP 1is presently reaching 26 of these.

4.2 ODH

There was no opportunity to speak to the chief technical expert, Peter
Welle, during the three-week TDY. The USAID Mission is urged to discuss
these finding with ODH as there may be some large gaps in the information
that was available to the evaluator. Ouverall ODH has not demonstrated a
strong capability to conduct reliable, well-designed research.

4.2.1 Nursery Experimentation and Development

OCH has developed a central, show-place nursery which was critical in
getting the Project started on the right foot. This is not to say that
problems were not experienced or, even today, that new nursery techniques
are not being learned. This nursery has served its purpose in the
outreach program to small farmers.

12
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The development of a prototype container for seedling prodiuction will not
have been worthwhile if it is not more widely tested and eventually
competively produced and distributed. The prototype is sturdy, well
designed, produces a quality seedling, and if it can be constructed
locally in any country, could prove to be very valuable to reforestation
efforts elsewhere.

Developing a local potting mix of high quality and low price could have
value for other agricultural production activities besides producing tree
seedlings. The Haitian mix produced to date still relies on imported
materials. This need not be detrimental if the overall cost of
production can be competitive. The need to develop a potting mix which
is readily available and inexpensive is apparent. This is not an easy
technology to develop nor can the regional nurseries be expected to learn
and implement such a technology even if developed. It will always take a
centralized effort. There was no evidence that ODH had contracted a
specialist with knowledge in developings.potting mixes.

Such assistance could prove useful.

ODH has not done all that it agreed to under its Grant. From the
information available it appears that ODH has not 1)tested the relative
advantages and disadvantages of different types of seedling containers,
2)determined seedling propagation in various nursery conditions, 3)tested
resistance and optimal transplant age of various tree varieties, and
4)conducted a variety of tests with different species in a variety of
ecological settings. Now that the Project has four years of field
experience general research, as above, is no longer needed. Rather,
specific research on promising species is needed.

4.2.2 Select Seed Production and Storage

Very little to nothing has been done to develop a program of seed
selection, production, storage, and distribution as a permanent source of
high quality tree seeds. The reason ODH has done so little are not known
to the evaluator. The actual seed storage facility has only recently
been constructed, but was not in operation at the time of the

evaluation. ODH does not appear capable of developing such a program on
its own.

4.2.3 Hardwood Forest Experimentation and Demonstration

ODH had achieved the establishment of nine demonstration tree farms under
different arrangements during the original project period. Little of the
desired research has been designed into these tree farms. Different
species have been tested. Little or no testing has been done on
1)rainfall and fertilizer requirements, 2)land preparation techniques,
3)elevation and slope constraints, 4)different exposures, 5)different
ecological zones, 6)spacing patterns, and 7)insecticide applications.

It was expected that é very significant body of information would be
produced on what works technically and what the economics of tree

production are in a variety of locations throughout Haiti. Very few
reports on results of research and expermentation have been forthcoming.
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4.3 CARE

CARE has or will meet or exceed its goal and specific objectives in a
technically sound and professional manner. During the visit, there was
not an opportunity to talk with Rich Scott, Project Manager, about the
cumulative accomplishments or overall reporting on the particular
indicators they were to regularly monitor. Due to circumstances beyond
CARE's control, all its files and information on the Project in Gonaive

were lost.

The outplanting system, which is managed directly by CARE foresters, is

very effective. The technical training given to the forester's staff is
adequate. The farmers understood the planting and caring of trees. Some
harvesting had taken place and stump sprouts were being properly managed.

As found everywhere the nurseries ware gperated well. The condition of
the roads, or lack thereof, made favm visits and seedling deliveries
difficult., Regardless of this, a good job is being done.

4.4. PADF

Relationships with subgrantees and nursery production and outplanting
systems have been effectively developed by PADF. Many of the subgrantees
are distinct in purpose and structure. This has had a varied effect on
the Project. 1In some instances the subgrantees' best agronomists or
animateurs are not provided for AOP activities. The animateurs are paid
piecemeal which means they continually have other responsibilities. The
cumulative effect has caused PADF to work more directly with the
animateurs rather than through the subgrantees. This then takes more of
the PADF forester's limited time and does not leave the subgrantee as
well trained and operational in tree planting as may be desired.

PADF has excelled in and exceeded its planting and agroforestry
subproject goals. Nurseries are run well by competent, well trained
Haitians., The delivery systems developed are effective.

The agroforestry resources center had more potential benefits than were
ever developed by PADF. This may be due to a lack of available time and
funds to dedicate to this effort. 1In any case, the specific role of the
Center was never well defined by AID.

4,5 UMO

It is difficult to critically evaluate UMO's accomplishments as none of
its work was finalized at the time of the visit. There were, though,
some interim tasks completed, which are documented in working papers.
What can be commented on is the thrust of the research. The five basic
research areas are of direct value to the Project. The tasks outlined in
each area are logical-and should provide useful data. The integration of
the information generated into the Project field operations has not been
well thought out. The information will only be useful if it is used to
improve field operations or sustainability of Project activities.
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5 Findings and Recommendations
5. 1 Oueruiew | |

The goal of the Project is to reduce and ultimately reverse -the ongoing
degradation of Haiti's natural resources, and thereby maximize the
productive potential of its land. It is doubtful the Project designers
envisaged that the Project, on its own and within four years, would halt
and reverse the degradation which has been going on in Haiti for over a
100 years. Instead the Project was designed as an experiment to test
various approaches, through non-governmental organizations, for
motivating farmers to plant and maintain trees. This has been
accomplished.

Due to a lack of data it is not possible at this time to evaluate the
exact environmental or socioeconmomic impacts of Project accomplishments
nor the potential magnitude of the successful approaches on reducing and
ultimately reversing degradation to Haiti's natural resources.
Information is being gathered on the socioeconomic impacts, but little is
being gathered on the environmental effects. Observations on field trips
show that tree planting has (1) slowed accelerated soil erosion
(depending on site conditions and tree planting patterns), (2) provided
fuelwood, and (3) generated income for peasant farmers.

The Project need not be changed to continue these accomplishments. It is
not to say that improvements could not be made, but that what is being
done is successfully meeting USAID/Haiti's goals. The author feels that
some changes leading to improvement are warranted. The author also
strongly cautions the designers of any follow on project not to destroy
what are the primary reasons for the projects success, that is, its
flexibility of design and simplicity of objectives. Any changes that
increase its complexity will equally increase its chances of failure.

The most obvious areas needing improvement are research, record keeping,
documentation, and analysis of data.

Also covered in this section are the areas of concern Vince Cuzamano,
ADO, asked the Evaluation VTeam to consider. These are: (1) the fruit
tree improvement projects and whether they should be combined with AOP or
kept separate; (2) whether the AOP should concentrate on income
generation or soil conservation; (3) what effect the Targeted Watershed
Management project will have on AOP; and (4) what steps must be taken to
address recurrent costs and make nursery operations and tree planting
sustainable.

5.2 Fruit Trees

Finding: The AOP is producing and dlstrlbutlng some fruit trees. Some
of these are grafted citrus and grown in large bags. Other types of
fruit trees are grown .in root trainers. These latter ones are easier to
distribute than grafted trees in large bags. PADF contracted a PVO to
produce 24,000 grafted fruit trees at a cost of $31,000. These trees are
given free to subgrantees, such as DRI and DCCH, for distribution. DRI
and DCCH charge the farmers two Gourds per tree to cover handling and
delivery costs.
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The evaluation team visited Sean Finnigan's fruit tree nursery in Ley
Cayes and the Sheepa nursery in Hinche., Finnigan's nursery was very
impressive and professionally run. Fruit trees from th2 nursery were
distributed to small farmers and a grafting team visited farmers to graft
the older, established trees on the farms. No one was at the Sheepa
nursery to explain its operations. Observations showed that the grafted
trees left in the nursery were overgrown and root-bound.

Farmers questioned as to their interest in receiving fruit trees
responded positively. Some questioned how well grafted trees would do

and wanted to see results before planting more than a few.

Recommendaion: Continue growing and distributing a limited number of
fruit trees with AOP., The emphasis for PADF and CARE should be on fruit
trees that can be grown in rootrainers. The production of grafted trees
should be kept in well run nurseries like Sean Finnigan's. PADF and CARE
could assist in distributing grafted fryit trees through their
distribution systems.

There is some indication that farmers might be willing to pay for grafted
fruit trees. This would help cover some of the costs of production and

should be explored by PVOs distributing the trees.

Adding the fruit tree nurseries to the AOP will have a positive impact,
but will increase the costs and coordination needs.

5.3 Income Generation vs Soil Conservation

Finding: The emphasis of the Project has been on income generation, but
this has not been accomplished without a positive impact on soil
conservation. Observations show that the trees planted have helped
reduce accelerated soil erosion. Some farmers visited observed that crop
production was increasing after interplanting with leucaena. No
measurements have been taken on pre- or post-production levels to support
these observations.

Recommendation: Continue planting trees emphasizing income generation.
The farmers appear to respond best to this premise, and the premise
appears to be holding true. The Project should also continue planting
and testing hedgerowus to develop a proven technique for yielding a
balance of benefits. It is not a matter of which is more important,
income generation or so0il conservation, but rather what is the best
approach to achieve everyone's objectives.,

5.4 Targeted Watershed Management Project (TWM):

Finding: The purpose of TWM is in keeping with the AOP's purpose. There
are good possibilities for coordinating activities of both projects.

Recommendation: The TWM should purchase all its fruit and other trees
from the AOP and improved fruit tree projects. There are many other
opportunities for the projects to work together. All possibilities
should be explored in full during the design of TWM.

5.5 Recurrent Costs and Sustainability:

Finding: 1If AID support were stopped, seedling production would be
16
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severely cut and some nurseries would close. Farmers would continue to
manage the trees they have planted. It may take an additional 10 to 15
years of outside financial support for the lessons learned to become a
part of peasant life and thus sustainable,

Recommendation: AID should continue supporting Project activities for
another 10 to 15 years. The cost of support could possibly decrease with
time. A process of phasing in costs that the market should support
should be developed and followed to achieve sustainability. After a
farmer knows how a tree species will perform and what his returns may be
he might pay 7.5 cents per tree, the current price making nursery
operations profitable. The price per tree a farmer is willing to pay
today is not known, but should be determined. The economics of growing
trees is not known and also should be determined. '

5.6 Economics:

F 4
Findings: The basic premise for motivating farmers to plant trees is
income generation. It i1s not certain whether planting and maintaining
trees under the different planting schemes, or on all sites and
conditions, is profitable. The UMO is now gathering data to analyze the
economic viability of planting trees for income. Sufficient detailed
information needs to be gathered to determine which sites, techniques, or
species are profitable and which are not. None of the farmers
interviewed, who are growing trees or who have harvested products for
personal use and to sell, are displeased with the outcomes. To the
contrary, all were confident in what they saw, and those who harvested

were pleased with the results.

Recommendation: The economic analysis should be completed as soon as
possible because the results could greatly influence the design of any
follow on-project. It is assumed that some planting schemes on certain
sites and under certain conditions will not be profitable. If this
becomes the case, more experimentation will be needed to find viable
options for these areas to meet the Project goal, or these areas should
be avoided until conditions become more favorable.

5.7 Base Counts:

Findings: The Project started by giving 500 trees to each farmer. It
soon became apparent that, for various reasons, the farmers were unable
to handle that quantity of trees. Base counts of actual trees planted
indicated 50 percent of the trees, in some cases, were not being planted
by the participating farmer. The Project shifted to giving out a maximum
of 250 seedlings per farmer, and in many instances, only 150 seedlings
are given. This has resulted in an estimated 50 percent increase in the
number of trees being planted by the participating farmer. One of the
subgrantees, DRI in the Southwest, has recently begun tailoring their
tree packages to the farmers' needs and desires. The impact this will
have on tree planting, maintenance and survival is not known.

It was noted that base counts are determined by counting the seedlings on

the parcel where the most seedlings were planted. The farmer could have

planted seedlings on his other parcels. Under the method used these

other parcels are not checked and seedlings are not counted. Box counts
17



have shown up to a 15 percent discrepency between the actual number of
seedlings and the assumed number.

Recommendation: The effect of DRI's tailored packages on their time and
resources, tree planting and maintenance, and on 12-month survival rates
should be studied. If the results are promising, then, to the extent
possible, the number and types of trees given to the farmers should be
tailored to their needs and desires in any follow on project.

It would be worthwhile to in¢pect the farmers' other parcels to get a
more accurate accounting of what happens to the seedlings. This
information could influence the number of seedlings given and provide a
baseline for judging the results of tailored packages. During the seven
percent check counts other pacels could be examined and seedlings counted

5.8 Research, Record Keeping, Data Analysis, and Documentation:

[ 4 .
Finding: Tree planting activities, from production to outplanting and
followup, have absorbed most of the time of PADF's and CARE's personnel,
This has forced them to neglect other activities, most notable, are
research, record keeping, data analysis, and documentation. Without
having the necessary time to devote to these activities it will be
difficult to determine (1) what is working and what is not, (2) what
impact the Project is having, and (3) what type of improvements can be
made. There is a great deal of dinterest in developing an agroforestry
resource center, which could help accomplish the neglected activities.

Recommendatiorn: Develop an agroforestry resource center to be run, as a
separate project component, by a research group. The center would be
responsible for all research, analyzing data, documenting results,
gathering and disseminating technical information from outside Haiti,
providing technical backstopping, and procuring quality tree seed for the
Project. This would include monitoring species trials, growth and yield,
and environmental, social, and economic effects of the Project and
continuing case studies, silvicultural research, market and product
development, and analyzing reasons for seedling mortality and testing
solutions.These services could be extended to the Targeted Watershed
Management project too. The center should be run by an outside research
group. This group would have to work in close collaboration with PADF
and CARE and especially ODH on seed selection and tree improvement. The
center should provide a better technical accounting of project
activities., It must be carefully designed in line with project needs and
objectives as not to become an objective unto itself. It should be
designed last. Its greatest roles will be in centralizing research, data
collection and analyses, dissemination of findings, and providing
technical backstopping.

As soon as possible, place Haitians in charge of tree planting
activities. To accomplish this, where necessary, each PADF and CARE
forester will need to hire and train a Haitian. PADF could also free up
their foresters' time by reducing the number of subgrantees to the more
promising ones, and/or trying to develop some of the subgrantees into
umbrella PUOs. The overall effect will be more time for the foresters to
refine activities and improve the neglected ones.
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5.9 Survival rates:

Finding: There is confusion and concern on the role of suruvival rates.
All grantees have met the expected survival rates given in the PP. Very
little work has been done to determine the exact causes of tree mortality
nor did the PP call for it. The reasons given for mortality are poor
seedling quality, species not matched to site, poor planting, lack of
care after planting, tree cut during weeding, theft, uncertainty as to
ownership, animal and human damage, drought (unpredictable rains) , soil
depth, harshness of site, planting wrong site, weeding not done, and
farmer eliminated the tree because it was not doing well. In general,
tree survival has increased from the first planting season to the lastest
one. This can be attributed to several factors including: better
seedling quality, more and better training materials and sessions,
greater understanding of tree potentials by project personnel and
farmers, and better matching of species to site.

' 4

Recommendation: Determine the exact causes of tree mortality. Until the
actual reasons foir tree mortality are determined, little can be done to
improve tree survival or know if it can be improved. To accomplish this,
a more intensive pattern of field visits to a selected number of farmers
will be needed. This could include but should not be limited to more
visits during the first 2 months and counts before and after weeding.
Survival rates need to be separated by Haitian "animateur", species, and
site. This will yield a clear picture of what is or is not causing tree
mgrtality. Once the causes are known, do what is possible to eliminate
them,

5.10 Species-Site Relationships:

Finding: During the Project, 37 species trials were developed.
Information yielded has been used to determined which species should be
planted on which site. Also observations of previous out plantings have
provided useful insights. Species-site relationships have not been
systematically developed and much of the knowledge on the subject is with
the indivicdual field foresters and not written.

Recommendation: Present information on species-site relationships should
be documented and gaps in knowledge noted. The follow on project should
attempt to fill these gaps where necessary.

5.11 Tree Seed

Finding: There have been a variety of difficulties encountered in
acquiring tree seed for seedling production and species trials. The
quality of native and exotic tree germplasm being collected in Haiti for
seedling production is unknown. Fortunately, in spite of this, good tree
form and growth can be observed for most species in wvarious fparts of the
country. Equally visible is poor tree form and growth in the same areas.

Recommendation: In the follow-on project develop a program for tre2 seed
selection and tree improvement. This should include bringing seed un
from other countries, for the tree species presently being used, to
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broaden the genetic base. The goal of tree improvement is to furnish
commercial quantities of well adapted and genetically improved material
for reforestation programs. Mike Benge will be developing a tree
improvement program which should insure the use of quality seed. It is
important that whatever program is developed that it be kept simple. The
Project nor Haiti has the resources or need to implement a complicated
tree improvement/genetics program at this time. As mentioned earlier
this would function best if run by the research group in collaboration
with ODH, using ODH's facilities.

§.12 Nursery Operations:

Findings: PADF is developing a nursery manual to guide operations and
train others. Presently nurseries are not keeping uniform records.

Recommendation: Training and monitoring needs to continue until uniform
records are kept on nursery operations.  The nursery manual being
developed should include record keeping standards and procedures,

5.13 ODH

Findings: ODH is well located and has good facilities. It has developed
a practical prototype container for seedling production and a Haitian
potting mix using mostly local materials. It has established species
trials and tree farms which could yield useful information.

Recommendation: Develop a new grant with ODH under the follow-on project
to: (1) expand testing and distribution of its prototype nursery
container; (2) assist in production and marketing of Haitian mix; (3)
continue data gathering and monitoring of species trials and tree farms;
and (4) collaborate with a research group in product development and seed
selection and tree improvement.

5.14 CARE

Findings: The work CARE is doing is well received and needed in the
communities they work.

Recommendation: In the follow-on project CARE's activities should remain
the same, except it should only collaborate on research, not be
responsible for it.

5.15 PADF

Findings: PADF activities are also well received and needed. The
foresters often work directly with the animateurs bypassing the
subgrantee's central staff.

Recommendation: In the follow-on project PADF's activities should remain
the same, except it should only collaborate on research, not be
responsible for it. PADF should attempt to work more directly with
subgrantee's central staff to upgrade their capabilities.

20
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5.16 Haruesting‘

Finding: Coppicing trees were harvested ieaOing anywhere from 20
centimeter to 60 centimeter stumps. Physical damage to the stumps was
minimal, but termites and disease were entering approximately 30 percent

of the stumps.

Recommendation: Stumps for coppicing species should not be cut less tha
35 centimeters from the ground. The best height for growth and
controlling insects and disease should be tested.

5.17 Extension

Finding: Every participating farmer needs visits from preplanting
through harvesting and management of coppicing. Each planting season the
animateur or moniteur adds 10 to 35 farmers. Some of these are repete
farmers, which, by approximation, varied between 25 and 80 percent. The
number of farmers needing extension is growing to unmanageable
proportions. PADF has about 601 animateurs to attend to these needs.
Salaries do not always fit the work loads and capabilities of the
foresters' assistants and agronomists.

Recommendation: Determine manageable extension levels for the animateurs
and adhere to them. Farmer extension needs must be determined and
scheduled over the life of the project. The number of repete farmers
needs to be determined to give a more accurate appraisal of the
manageable number of farmers per extension agent. Salaries should be
adjusted in line with work loads and capabilities.
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Annex D

Additional Evaluation Thoughts

During the AOP Technical Retreat, January 16-18, representatives from the

four institutions involved in Project implementation were given an
opportunity to express their thoughts on other items the Evaluation Tea
should look into. The Team was asked to consider:
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Ways of integrating trees into peasant farm systems;

Doing a characterization of subgrantees;

Upgrading subgrantee capabilities;

The impact of PUO's on AID;

GOH involvement and interest in view of sustaining activities
beyond the Project;

Institutionalization of Project activities;

Strengthening the agricultural comgonent and its priorities;
Specialized groups for implementation as opposed to general major
PVUOs ;

Project staffing patterns;

Improving income generation;

Developing demonstrations of agroforestry systems and mechanisms for
delivery;

Increasing impact of living terraces;

Other forms of soil conservation;

More concentration of activities in upland areas;

Testing aqgroforestry systems in addition to species trials;
Maximizing productive potential of terraced land;

Project's impact on soil conservation and watershed management;
Improving availability of technical materials and assistance;
Research that is appropriate to field activities and flexible enough
to respond to new needs;

Focusing the Project on specific areas;

The economics of subgrantee working in a particular area (Is it
economical?);

Investigating food and other valuable crops that grow in shade;
What is needed to increase seedling production;

Projoct priorities if an increase or decrease in funding were to
occur; '
Working with large farmers;

Ability of farmers to grow seedlings on their own;

The hard objectives that would be set in any follow on activity;
Producing more educational materials and short courses;

Developing a monitoring program to follow-up on activities through
the life of the project; and

Available time the agronomist will have for followup work with
more planting of new areas and harvesting of older areas.
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" INTRODUCTION
The AOP 1is based on many assumptions. The most important of
these are those found in the Logical Framework, Annex C of the Project
Paper. This paper examines the third of the three 'assumptions , for
achieving goal target’. This assumptions is stated, as follows:
Peasant agroforestry 1is an economically and technically wviable
entarprise. '

The Project Paper calls the introduction of fast-growing trees as
a cash crop the conceptual correrstone of the project. (AID, 198l: 86-
87) This assunmption justifies our encouraging farmers to plant trees.
How can we go wrong if we encourage farmers to make more money that
hey are now? Conversely, however, 1if it happened that it were not
possible to plant trees profitably, we woeuld be doing the farmer a
disservice and eventually the farmers would recognize this and stop
planting.

We are now at a point at which we have enough experience and
information to test this critical assumption. We are to determine
whether agroforestry attractive to Haitiun farmers? Before beginning,
I believe the question should be re-phrased to better fit the

situation. The question "Can the Haitian peasant cash-crop trees?" is
rather 1liriting and needs to be modified to best serve the project.
Fir:t of all, this question asks for a yes or no ansu.er. Intuitively,
a yes or no answer is inappropriate. The question should be re-
phrased "In what <circumstances can the Haitian peasant cash-crop
tr:es?" We now have the pointed implication that tree farming can be
profitable in some cases and not in others. This prompts us to look

for variations which make some situations profitable and others not.

Secondly, the idea of cash-cropping limits us. It is true that
the Haitian peasant is involved in cash markets, perhaps more so than
one would think. However, tree farming can be advant.geous to tLhe

farmer even if the trees are not considered a cash-crop.

Exanple: Hedgerows or living fences which provide green manure or
winibreaks can significantly increase crop production. Trees are not
a cash-crop but they can increase cash earnings.

Exanple: A farmer harvests his trees and uses poles for a new
house and the remainder for firewood. Trees were nol cash-cropped but
prevented cash outlays and freed up labor for investment elsewhere on
the farm, thereby increasing production.

There are many other reasons for planting trees. Improving
f llow; providing shade for animals, <crops, and people; producing
green manure and forage; reducing the rate of soil erosion. All of
the benefits of planting trces increase the welfare of the farmer,
even if they do not increase the farmer's cash flow. Murray
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(1984) overemphasized the need to increase the farmer’s cash flow by
planting trees. Not that these cash flows don’t need to be increased.
This arguement, however detracts from the many other nonmonetdry

benafits of tree cropping.

Murray'’'s philosophy is very evident 1in the Project Paper.
"Emphasis will be placed ... on the planting of ... trees ... to
harvest wood as a cash crop ..." (’age 33) "The Project places a
major emphasis on the generation of income through cash-cropping of
trees." (Page 34) " in ways which maximize agricultural
production and short-term returns ..." (fage 51) ".¥.. this project
with its conceptual cornerstone: the introduction of the fast-growing

tree as a cash crop." (Page B86-87). .

Only 1in the opening pages of the Project Paper doas one find a
broader view of the benefits of trees planting. "This focus on the
potential for cash-cropping of trees should be viewed as the opening
gambit of the Project, not its sum and substance.”

Thus, the question we would like to answer is, "In which cases
can a Haitian peasant plant trees to his advantage?" Now, having
listed many of the non-cash advantages of tree planting (risk
reduction, savings or investrent, labor redistribution, provision of
goods and services for which there is no market or a very limited
market) we will consider only the cash income possibilities open to
the planter of AQP trees. Doing this will demonstrate that tree
far.aing can be profitable. However, one should remember the wmany
other advantages of tree farming and not be surprised when a farmer
makes decisions which ure seemingly counter to his best interests.

This paper 1is being written as part of the evaluation of the
Agroforestry Outreach Project. The model developed herein will be
used for more than just an evaluation. It i1l be used at a later
date to develop an economic analysis for a proposal to extend the
project for several mecre yvears. Because of this, the uodel has teen
rade so that many of its components can be altecred. This allows the
planner to see the effects of various modifications on the overall
performance of the project. Research planners can see the effects of
various factors on the overall project. With the help of this model,
researchers can plan research programs around those factors which will
have taie greatest impact on the project. Finally, this paper is an
interim report of the University of Maine reseirch team. It is a
preview of the final Cost - Benefit Study report which will be
forthcoming in August, 19386.

There are many'steps through which one must go to build a model.

Each step will be discussed separately. For each component, we will
try to explain how it relates to each of the othe: components. As we
20 through the model , piece by piece, the reader will begin to sce
the grea. number of assumptions which have been made. These
assumptions are of two kinds. The first kind is the simplifying
assumption, This type of assumption makes the world seem somewhat
less complex than it really 1is. If we were to try to analyze the AOP
without generalizing, we would have to analyze tens of thnousands of
small tree plantations. The second type of assumption is a technical
2



assumpltion. It 1is wused when we do not have technical information
necessary Tor the model. A good exawmple is growth rates of tree
during coppice rotations. Since we don’t have this type of
information, we have had to make n lech:i:ical assumption.

This paper 1is divided into four parts. Chapter 1 considers
agroforestry and the small farmer. These small farmers are the rural
poor, the people at whom AID has aimed this project.. We will discuss
whether the orderly introduction of tree components into the farm
management system is profitable for the smali farmer in Haiti. .

The second Chapter will look at the possibilities Bf large scale
tree farms. This will specifically look at the performance of ODH,
whose objective it wrs to demonstrate the profitabiliiy of large scale

tree farming in Haiti,

Chapter 3 brings together the tens of thousands of 1individual
farmers. It looks at the cumulative benefits of all the millions of
trees planted and financial and -economic feasibility of the

Agroforestry Outreach Project.

Chapter 4 briefly discusses some benefits not previously
considered.

Finally, the fifth Chapter gives several conclusions and
recommendations.
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Our ultimate goal is to compare the costs of an AOP planting with
its benefits. To do this we will go through four steps. First,:X we
will present a general description of AOP plantations and the
associantions which we will be analyzing. Second, we will determine
the net revenues the farmer would have received had he not planted any
AOP :teedlings. These net revenues will be cousidercd the opportunity
costs of the AOP system. That is, the costs of the planting are
equivalent to the foregone revenues. Next, we will cetermine the net
revenues of the AOP systen, including - the tree and the crop
components. These net revenues will be considered the benefits of the
AOP »planting. The final step in this comparison is to bring all the
benefits and all the costs into a similar time frame. This is done by
determining the net present +value of the costs and the benefits.

We have chosen to evaluate the AOP agroforestry plantings cver a

sixteen-year period. We chose sixteen years because a) it falls
within the usual length of economic evaluations: fifteen to twenty
years, &and b) the harvest schedule we havs chosen, four rotations,

each four years in length, fits this sixteen-year cycle.

E=X - — . — ———

CARE and PADP report that more than seventy-three thousand
farmers have planted project trees since th: Spring of 1982, when the
AOP began. See Table I-1. It is neither possible nor necessary to
analyze each of these 73,000 plantings in order to determine whether
agroforestry i3 financially feasible in Haiti. Instead, we have
divided these 73,000 farmers 1into a manageable number of
representative situations. By analyzing these representative or
typical situations we will be able to apply the inferences drawn from
them to the entire 73,000 farmers.

The grovp of representative or typical farms tc be analyzed was
determined by studying and aggregating a sample of AOP planters. In
late 1284 and early 1985, CARE and PADF prepared a survey form to be
used to monitor project activities. (PADF, 1984a and PADF, 1984b)
They used this form to gather information from a randomly selected
one-percent sample of planters in each region. This information,
gathered in the Spring of 19835, is used tou guide this analysis. For
example, the cowmplected survey forms have in.ormation which allows us
to describe typical crop associations found on participants’ fields.
(Henceforth, this survey and the survey form itself arc referred to as
the Case Study) Page 1 of the Case Study gi.es a list of the crops
found on the field planted with AOP seedlings aud the crop calendar
for the two years preceding the planting date. Crop associations
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Table :i-1. Number of seedlings planted and number of furmers particiraltings fn the Agroforeatry Outreach Pro_lec’t‘:.
by asenson and by region.

Regica
PADF CARE -
Upper Lower Sub Sub
South Southenat North Plaleau Platean Other Totnl RNegion I Region I Total : Total
iyt OF SBEDLH:'GS PLANTTM
Spring, 1982 170928 107505 73534 71731 84835 0 508931 109000 0 109000 617933
Fall, 1982 466564 298320 375881 87500 20500 152500 1401865 106000 188000 294000 1695765
Spring, 1983 506125 324771 319970 282850 37500 2000 1473216 264748 349250 613938 2087214
Fall, 1983 565786 457910 433410 142250 100000 232250 1931606 305363 320847 696210 2627816
Spring, 1984 733605 495030 531550 340000 132005 56650 2208810 448200 319750 767950 3056790
Fall, 1984 709160 599185 545500 268023 165300 72450 2359618 325725 232181 557906 2917524
Spring,1985 718975 449600 617546 412750 284500 51100 2534471 431379 307492 738871 3273342
Fall, 1985 614650 572035 714249 479073 348100 75000 2833167 453369 323168 776537 3609704
4515793 3305016 3612040 2084177 1172740 611950 15331716 2443784 2110688 4554472 19806188
NIMBER OF FARMERS

Spring, 1982 400 252 173 168 o 199 o 1197 2on 0 208 1393
Fall, 1982 752 482 606 141 13 246 2260 158 538‘ ) 2951
Spring, 1983 1360 1349 730 591 0 8 4108 886 1105 1991 6099
Fall, 1983 1650 18952 962 450 0 195 5509 890 1234 2124 7633
Spring, 1984 1452 2100 1182 811 454 228 6527 1427 1097 2524 9051
Fall, 1984 2785 2085 2335 As55 674 288 9023 1532 1162 2674 11697
Spring, 1985 2657 3520 2590 2752 1920 1251 14690 1470 1130 2600 17290
l"al.l.. 1985 2370 284¢C 3783 3175 2250 750 15168 1407 1081 2488 17656
) 13426 14880 12361 89143 §530 3336 58176 7958 7342 15300 73776

Sourcea: CARE Quarterly Report for IT1-8S5.
CARE. Quarterly Report for [11-84,

CARK Annual Report for 1983,

CANE, personal communication.
PAOF, personul communication



Tuble 1 -2, Crop nsuocialtions used in Lhe evaluantion of the Agroforestry Outreach Proiéct

and Lhelr frequency of occurence in u random sample of project farms, by region.

Crop Ausuciatlion

Maize, sorghum, pois congo
Maize, munioc, beans

Maize, sorghue, manioc

Muize, beany

Maize, sorghum

Mnize, sorghum, msnioc, patate
Maize, monioc, patate

Fnllow

Maize, patule

Maize, sorghum, pois congo, patate.

Munioe, peanuls

Maize, usorghum, patnle
Maize, sorghum, peanults
Munioc, beans

Yum, potate

Munioc

Muize, poluloes

Poias congo, pnlate
Munisg, patale

Pennuts

Sorghum, patale, yom

Totul

Region
Upper Lower T
SouLh Southeast North Plateau Pleteau Region I RegionII  Total
3 5 0 10 a 1 1 24
3 0 5 2 0 1 4 15+
2 2 1 7 2 0 0. 14
"1 1 3 1 2 1l 0 9
1 0 0 1 6 0 o . 8
2 0 0 1 1 3. 1 8
1 0 2 0 0 1 0 =T
2 0 0 0 2 . & 0 - 5
2 1 1 0 0 0 o 4
0 2 2 0 0 0 0 4
1 0 1 ] 0 0 1 3.
1 0 0 10 1 0 1 3
0 0 1 1 0 0 0 2
1 0 1 0 0 (1] 0 2.
2 0 0 o 0 0 0 2
1 0 1 0 0 -0 0 2
0 1 0 0 0 0 0 1
0 0 0 0 0 1 0 1
0 0 0 0 (] . 1 0 1
0 1 0 0 0 0 0 1
1 0 0 0 0 0 0 1
27 13 18 23 18 8 117

-t
]

Source: Agroforestry Outresch Project. Case atudies, Spring 1985.
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found in the Case Studies were grouped into twenty typical
associations. These twenty associations and "fallow" are shown .,in
Table I-2. The typical associations have been tabulated by region.
This was done to enable us to include regional differences 1in the
prices of inputs and outputs in our analysis.

We would have liked to include the variation in crop yield for
different areas. Unfortunately, since this type of information is not
yet available, we will use crop budgets standardized for the country.

. 4

The standardized crop budgets mentioned above were created using
published research data whenever available. The prices of the inputs
and outputs may be varied by region. Tables I-3, I-4, and I-5 show
the labor inputs, seed inputs, and prices of the inputs and outputs,
respectively, wused in the crop budgets. All the crop budgets and
Tasles I-3, I-4, and I-5 are on a computer sprecadsheet. The tables
can be altered easily and any alteration is automatically
incorporated 1in the entire system. The net income of each crup
association automatically adjusts to reflect the new set of inputs and
outputs. Thus, as more and better information becomes available it
can be incorporated into the model easily and quickly.

Table I-3. Standardized labor requirements for
various agricultural tasks.

labor
Task ' requirenent
Soil preparation 33.0 days/ha
Planting - cerceals & legumes 10.0 "
patate 6.0 "
manioc 1.0 "
Weeding 8.0 "
Harvest - maize 8.3 days/tonne
sorghum 12.0 "
beans 75.0 "
pois 75.0 "
peanuts 8.3 "
manioc 2.0 "
patate 1.2 "
yam 2.0 "
Post harvest -
maize 11.0 days/tonne
sorghum . 11.0 "
beans 117.0 "
pois 11.0 "
peanuts 11.0 "
manioc 11.0 "
patate 11.0 "
yam 11.0 "

Source : Taylor, 1982.

o e e o o [ B




Table f~4. Seed requirement§ .
for various crops. :

Crop kg/ha

Maize 35.71

Beans 16.67 .

Pois . 2.08

Sorghum 12.5 .
Peanuts 50 -,

Source : Taylor

These net incomes are displayed in Table I-86. This table shows
the net income derived from one hectare of each of the different crop
assuciations 1in each region of the country. These are the net cash
incomes derived if all labor is paid at the rates shown in Table I-5.
Net <cash income can be greater than the amounts shown to the extent
that the farmer uses family labor or any other type of lab-r which is
not paid for with cash. (Grazing 1s not yet included in any of the
crop budgets. Nor is any benefit derived from fruit or other trees

jresent before the project.)

The interactions between the (ree component and the crop
component are varied and complex. The two components may show
supplementarity, complementarity, or competition. (Raintree, 1983;
Harou, 1985) If the association shows supplementarity, the addition
of a certain number of trees to the crop system has no effect on the
crop output. If the association shows complementarity, the addition
of a certain number of trees will increase the crop output. There are
numerous exanples of these positive interactions. The trees may
protect the crops from wind damage. The tree may increase relative
humidity, decrease wind velocity, reduce evapotranspiration, and
thercby 1increase production. "rees may bring nutrients frcm deep in
the seil to the surface. The trees may provide shade for crops such
as coffee or cocoa which ne«¢d shade. Finally, 1if the association
shows ~nonmnpetition, one or more of the species present suffers from
lack of light, water, or nutrients due to the presence of the other.
The nature of the effect of the trees on the crop will depend on the
density ¢f the trees, as well. It is possible that the association
would pass through the different stages from supplementary, to
complementary, to competitive, as densities increase.

It 1is difficult to estimate the net effects of the 1interactions

belween the <components, given our present knowledge. We have,
therefore, simplified the interactions belween the components to be
analyzed.

For the purposes of the analysis given here, competition will be
minimal for the first two years of each four year rotation. Farmers
can continue to raise their crops with no reduction in yield.
(Supplementarity) This assumption is valid if we consider that, on

[ €0
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Tuble I-5. Prices of inputs and outputs, by region
(in $ per unit)

Pegion

Upper Lower : '
Item unit South Southeanst North Plateau Plateau Region I Region II
feans k¢  0.30  0.30  0.30  0.30  0.30 0.30-  0.30
Maize heg 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Manioc kg 0.04 0.01 0.04 0.04 0.04 0.04 ‘0.04
Patule kg 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Peunats kg 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Poia coungo by 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Potatoes kg 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Sorghum leg 0.50 0.50 0.50 0.50 0.50 0.50 0.56G
Yom ky 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Lubor ' duy 0.95 0.80 1.10 0.70 1.50 1.00 1.00
Charconl sack 2.10 3.60 2.20 1.60 12.00 1.60 1.60
Poles each 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Lunber 10 BdFt 4.00 5.00 3.50 3.00 2.00 3.00  3.00

Sources: Taylor. s
Cupitul Consult.
McGowan.
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Tuble 1-6. Nel income of different crop associalions, by region. In dollars per hectare.

Region
Upper Lower

Crop sasociation South Southeast North Plateau Plateau Region I Region II
Maize, sorghum, pois congo 231.47 243.17 n.a. 250.97 188.58 227.57 227.57
Muize, munioc, beons 199.94 n.a, 187.46  220.75 n.a. 195.78 195.78
Maize, sorghum, manioc 339.01 350.34 327.68 357.89 297.48 n.a. . - n.a.
Muize, beuans 119.01 132.43 105.59 141.38 69.8] 114.54 n.a.
Muize, sorghum 258.02 n.ao, n.a. 276.11 218.23 n.a. n.a.
Muize, sorghum, munioc, patate 390.47 n.a, n.o. 1414.97 343.42 386.20 3B6.20
Moize, manioc, pstate 230.21 n.a. 217.77 n.a. n.a. 226.06 n.a.
Muize, patole 41.00 51.10 30.59 n.a. n.ao. n.a. n.a.
Muize, uworghum, pois congo, patate n.a. 291.24 264.98 n.a. n.a. n.a. n.a.
Munioc, pennata 37G.88 n.a. 365.65 n.a. n.a. n.a. 373.14
Muize, sovrghum, palate 262.178 n.a. n.a. n.a. 219.38 n.a. 258.841
Muize, sorghum, peanuls n.a. n.a. 287.37 31G.24 n.o. n.o. n.a.
Manioc, benns 122.418 n.n. 112.03 n.a., n.n, n.a. n.qa.
Yum ,palote 151.23 n.a. n.a. n.a. n.s. ‘n.a. n.a.
Manioc 110.19 n.a, 113.69 n.a. n.a. n.a. n.a.
Muize, polaloey n.a. 1191.80 n.a. n.a. n.a. . n.a. n.a.
Poia congo, putale n.o. n.a. n.a. n.a. n.a. -3.58 n.o.
Munioc, palnlte n.no. n.a. n.a. n.a. n.a. 194.85 n.a.
Peanuts n.a. 261.83 n.a. n.a. n.a. n.a. n.a.
Sorghum, patale, youm 374.56 n.u. n.a. n.a. n.a. n.a. n.a.
Sources: Tubles 1-3, I-4, I-5.
n.a. — this crop vasociation not observed in this region.
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average, trees have 4.8 md of growing space at planting and that these

trees have a survival rate of approximalely thirty-three percent after
one year. Thus, the average tree will have 14.4 m2 of growing space.
With the customary pruning done by the farmers, these trees should not
have significant negative effects on the agricultural component during

the early yecars of the association. Beginning in the third year,
competiticn for light, water, and nutrients is so great that crops can
no longer be grown under the trees. (Competition) The trees  will

eventually be harvested, say for poles and fuelwood. At this point,
the stumps will sprout and a fou:-year coppice rotation begins. As in

the first rotation, crops may be grown under the trees'for the first
twc years of the rotation. Succeeding rotations are identical to the
first. ’

—— N - - o - —m an - -

In this section we determine the costs of planting AOP seedlings.
Before doing so, it seems appropriate to discuss exactly what should
be compared when doing a cost - benefit analysis. One should compare
the net benefits of the new investmen., 1in this case trees and crops,
with the net benefits which would have been received had the
investment not been made. This is the "with versus without"” approach.
Unfortunately, it is, at times, difficult to determine what a Haitian
farmer would have done if he hadn't planted trees. It is not
necessarily true that he would continue to do what he has done in the

past.

For instance, we will assume that cerosion in unprotected fields
causes a 2% reduction in yield each year. The farmer’'s "without”
income is based on the reduced yields he would have received had he
not planted. Table I-7 shows an example. The first row of the table
shows the net revenues a farmer in the South will receive if he
continues to raise maize, sorghum, and pois congo for sixteen years.
Notice that the yields steadily declin.: at a rate of two percent each

year.

It 1is important also to consider changes that Lthe farm:r would
have made even if he hadn’'t decided to plant AOP seedlings. A farmer
who plants AOP trees in a maize and bean field 1is not necessarily
giving wup maize and beans as the treos grow and dominate the field.
As Conway says "The informants of Savanne Mole planted their seedlings
with the idea of integrating them into their fallow system rather than

establishing a system of permanent intercropping."” (Conway, 1986, p.
17) This is an example of the classic taungya system of plantation
establishment, In this case the "without" net recvenues are those
derived from an unimproved fallow which, for us, are zero, because we

have not yet introduced grazing into our model.

During the sixteen-year agroforestry cycle described in the
preceding section, crops are grown in years 1 and 2, 5 and 6, 9 and
10, and years 13 and 14. This is shown on the second line of Table I-
7. If we compare this to the harvests the farmer would have had
without AOP seedlings, we note that he has forugone crop harvests in
half the years: years 3 and 4, 7 and 8, 11 and 12, and years 15 and
16. Note that we are assuming that in the "without" situation, the

11
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Table t-7. CEsanple of deternining sel besefits fron an AOP plastatioa.

Year

south 12 3 4 s 6 7 8 9 B oM oR B W15k

Ratze, sorghus, pois Congo

¥ithout = Costs

foregone crop productica 25.59 25.08 24.57 24.08 23.60 23.13 22.47 22.21 21.77 21.33 20.91 20.49 20.08 19.48 19.23 18.90
Mth s Benefits

net sevenues from crops 2559 75.09 26.11 26.11 26.1) 26.11 26.11 26.13

planting costs -2.8% .

net revenues {ros wood $e.39 63.62 143 2.0
Bet besefits -2.85 0.00 -24.57 30.3) 2.51 2.98-22.67 41.4F 434 4.78 -20.9% 53.9¢ .03 6.43-19.28 68.17
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Table 1-8. Pci iincome of different crop associations, by region. In dollars pcr~AOP.p]9t.

Region
llpper Lower

Crop aasocintion South Southeast North Plateau Plateau Region I lLegion IX
Maize, sorghum, pois congo 26.11 20.78 n.a. 16.14 12.22 31.02 31.02
Muize, manioc, beans 22.55 n.a. 18.99 14.20 n.a. 26.69 26.69
Miize, sorghum, manioc 31.24 29..3 33.19 23.02 19.28 n.a. n.a.
Muize, benns 13.42 11.31 10.69 9.09 4.52 15.61 " n.Aa.
Maize, sorghum 29.10 n.a. n.a. 17.76 11.14 n.a. n.a.
Muize, sorghum, munioc, palale 44.05 n.o. n.u. 26.69 22.25 52.65 52.65
Moize, manioe, patole 25.97 i.n. 22.06 n.a. n.a. 30.82 n.na.
Maize, palate 1.62 1.39 3.10 n.a. n.a. n.a. n.a,
Mnize, sorghum, pois congo, pn n.o. 24.88 26.84 n.o. n.a. n.a. n.a.
Munioc, pennuts 12.51 n.a. 37.03 n.a. n.n. n.a. 50.87
Matze, sorghum, patate 29.64 n.o. " n.a. n.a. 11,22 n.4. 35.29
Muize, sorghum, peonuts n.n. n.o. 20.10 20.34 n.a. n.a. n.a.
Manjoc, heans 13.82 n.a. 11.35 n.a. n.a. n.a. n.a.
Yoam ,potate 17.06 n.a. n.a. n.a. ' n.a. n.a. n.a.
Munioc 12.43 n.a. 11.51 n.a. n.a. n.a. n.a.
Muize, polntoes n.a. 101.83 n.a. n.a. n.a. n.a. n.a. -
Pora congo, puslate n.a. n.a. n.a. n.a. n.a. -0.49 n.a.
Manioc, palale n.a. n.u. n.a. n.a. n.a. 26.56 - n.a.
Peonuls n.a. 22.37 n.a. n.a. n.a. n.a. n.a.
Sorghum, patote, yom 42.25 n.a. n.n. n.a. n.a. n.a. n.a.
Sources: Tubles 1-6 and I-10.
n.a. — Lhis ¢rop essociation not observed in this region.
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Table I-9. Assumptions about AOP plantations.

Number ‘

of trees Average Pole Charcoal
Region planted survival price price
South 235 40% 1.00 2.40
Southeast - 178 21 1.00 3.60
North 211 31 1.00 2.20
Upper Plateau 134 34 1.00 1.60
Lower Plateau : 135 40 1.00 '2.00
Region I 285 79 1.00 1.60
Region II 285 40 1.00 1.60

e ——— T - - ST - D TES G S D D G D S S R Dy S D S S0 A S Nad St Bl G a S ) D e G T W S ——— - — - - - - - - -

Avg original spacing --- 4.B square meters per tree

Qs

Stems usable as poles -- 50%
W:igit use as poles ---- 33%

Rate of real price increase - 4%

Growth rate ==—===~- -=-=-- dbh (ecm) = 2 x age (years)

Volume equation =-«e==--

dry wt (kg) = 0.817 x BA (cm2) - 2.707 x dbh (cm)

e e - " Cn D O D AR G O TR WD G G e G - R S D G G G GE S G D G G W WS D WD G G S GO WP ER G GO GO WD N D SR GO W R GO G GO = - G

Sources: Bannister, 1986.
McGowan, personal cowmunication,
Grosenick, 1986, forthcoming.
Ehrlich, 1985.

farmer can harvest every year for sixteen years with a slight
reduction in yield. Since this is clearly not the case, the actual

costs of the AOP plantings are overstated.

The net incomes for the different crop associations listed
Table I-2 are shewn in Table I-8. Remember that Table I-6 has the
inhcomes per heciaie from each of the crop associations in each of

refions. The amounts shown on Table I-8 are Lhe net incomes per
plot. The average size of an AOP parcel is the average nuaber

in
net
the
AQP
of

trees found in the base count in each region times the average space

wccupied by a tree, 4.B square meters. See Table I-5 for
assumptions uscd to describe the AOP plantings. For exanple, in
South region, the average number of trees planted by f{armers in
Spring of 1985 was 235. These 235 treces, each occupying 4.8
occupy a total of 1128 m2 or 0.1128 hectares. The net income from

14

the
the
the
m2,

one
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hehtare of, say, maize -and beans 1is $119.01 (See Table 1I-6).
Multiplying this amount by 0.1128 gives $13.42, the net income derived

from 1128 m2 of maize and beans in the South region. This is also the
annual opportunity cost of not lLeingy able to plant this crop
association along with the AOP trees. As is shown in Table I-7, this

figure will decrease by 2% each year under the assumption of declining
yields on unprotected fields.

We must also acknowledge that even though we dare analyzing a

. plantation on a specific parcel of land, a larmer's decisions about a
particular parcel affect the e:atire farm, The complete Tarm
enterprise should be.considered. If a farmer takes land out of «crop
productioun to plant trees in one field and puts -a similar parcel into
crop production on a.othetr field, then his overall fallow/production
program has not changed. We know from the Case Study forms {(question
17 of page 3) that 64% of all planters have fallow land. That is,

they already have land on which they are not producing food crops.
Although we know that fields are not strictly interchangeable, we will
say that only in 36% of the cases is land actually being taken out of
food production. The other farmers are merely transferring crop
produc.ion to other plots. This -igure is not wurreasonabi:y high.
Smucker (19883: 239) says that 75% of the households uuits 1in
L’Artichaut maintain some land in fallow.

The 1information in Table I-9 was used to determine the value of
the wood harvested by AOP planters. These values are shown in Table
I-10. We will now see how these figures were derived.

As was mentioned earlier, farmers are assumed to harvest their
trees every four years. Trees distributed by the AOP grow, on
average, at a rate described by the function

dbh = 2 x age
where dbh is the dianmeter in centimeters of the tree at breast height

(1.3 meters above the ground) and age is the age of the tree in years.
Thus, farmers will always harvest trees which are eigi.t centimeters in

diameter.

The volume of these trees can be determined by using a volume
equation developed by Ehrlich (1985).

dry weight = 0.817 x BA - 2.707 x dbh

where dry weight is the weight, in kilograms, of the usable portion of

the trece if it were dried to 0% moisture; BA is the basal area, in
cm2, of the tree (basal area is the surface area of the "stump" of
the tree if it were felled at breast height); and dbh is the diameler

at breast height, in cm.

16
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Table I-10. Dollar wvalue of wood harvest:, by region.

value in each of four rotations

S St B e S T e D G — S D W W b W P T G N S S G NS S WS W D GW W W e

Ragion year 4 year 8 year 12 year 16
South $54.39 $63.62 $74.43 $87.07
Southeast . 24.03 28.11 32.89 38.47 .
North ) 37.14 43.45 50.83 59.47
Upper Plateau 24.41 u8.55 33.44 39.08
Lower Plateau 30.09 35.20 41.17 48.17
Region I 120.861 141.10 165.07 193.10
Region II 61.07 71.44 83.568 97.717

Sources : PADF and CARE survival rate egtimates.
UMO price estimates.
UMO volume equation.

Since all harvested trees are the same size, they will all weigh
the same amount: 19.4 kilograms.

dry weight = 0.817 x 560.3 ¢cmn2 - 2.707 x 8 cm

This is the yield per tree, in kilograms, shown in the second colunn
of Table I-11. Since farmers in the South region receive an average
of 235 trees and these trees have survival rate of 40%, on average, a
farmer in this region will harvest 1823 kilograms of usable wood every

four years.

total weight = 235 trees x 40% survival x 19.4 kg/tree
This value is shown in the third coluwmn of Table I-1l1.

The next two columns give the average prices of poles and of
charcoal in the South reygion, in dollars. In 1985, poles sold for
$1.00 each and a sack of charcoal sold for $2.40. The price eof
charcoal and of firewood has been increasing much faster than the
prices of other goods in Haiti over the last fifteen years. (See
Grosenick, forthcoming) Columns four and five reflect this real price
increasc, set at 4% per year.

We can now calculate the value of the poles the farmer will have
harvested. The farmer planted 235 trees. With a survival rate of
40%, he will harvest 94 Lrees. Of these 94 trees, Tfifty percent of
them, or 47 trees, will have form adequate for use as poles. The
other 50% can only be used for fuelwood. From column four we sec that
a pole will be worth $1.12 four years from now. OQur farmer's 47 poles
will be worth $52.61 when he harvests them in 1989. The value of
these trees to him is the amount he will receive for them less the
cost of felling thenm. This cost can be estimated by assuming that he

16
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Tuble I-11. Determinntion of the volue of wood harvescs.

total pole charcoal value of value of total
yield yield price price poles charcoal value

Yeur kg/tree (kg) (%) (%) (%) (%) (%)
1 — - 1.00 2.410 —_— — —
2 — - 1.04 2.50 —_— _— —_—
3 — - 1.08 2.60 —_— -— —_—
1 19.4 1823 1.12 2.70 q2.29 12.09 54.39
5 — —_— 1.17 2.81 —_— -— F——
6 —_— — 1.22 2.92 — —_— _—
7 —_— —_— 1.27 3.09 —_— —_— —
8 19.4 1823 1.32 3.16 49.48 14.14 63.62
9 ——— —_— 1.37 3.28 —_ — —
10 — —_— 1.42 3.42 — — ——
11 —_— _— 1.48 3.55 — —_— -
12 19.4 1823 1.54 3.69 57.88 ,16.55 74.43
13 —_— —_— 1.60 3.84 —— -— ——
14 —_— — 1.67 14.00 - — —_—
15 — —_— 1.73 1.16 —— —_— —
16 19.41 1823 1.80 4.32 67.72 19.36 87.07




will have the treces cut on a sharecropping basis. When ODH contracts
to have trees felled, debranched, and the poles stacked, the workers
receiv: 20% of the wholesale value of the poles. If we use this same
assumption f.r our everage AOP planter in the South region, his poles
which have a sales value of 352.64 have a standing value of $42.11.
This is the value shown in column six of Table I-11.

The seventh column shows the value of the charcoal the farmer is
assrumed to produce from these trees. We can see on Table I-9 that the
po es already discussed above account for 33% of the total weight, of
all woord harvested. That means that 67% of the 1823 kg shown in
colunn three, or 1215 kg, are available to make charcoal. The
charcoaling process used in Haiti has a conversion rate of about 20%.
(Timyan, 1984) That 1is, 1215 kg of wood will produce 243 kg of
charcoal. This amount of charcoal will make 8.1 sacks of charcoal,
each holding 30 kg. Since each of these sac!'s will be worth ¢2.70 in
1983, combined they are worth $21.87. To determine the value of the
labor 1 2:cessary to convert the wood into charcoal, we consider a
typical tharecropping arrangenent. The owner~ of the trees will rececive
nanly 55% of the retail value of the charcoal produced from his trees.
i“hus our AOP planter’s wood is worth $12.03 if used for charcecal.

Finallv, the sum of these two values, $42.29 and $12.03, or

$564.32, 1is .ne total value or the net revenues received by the farner
in year four. Following similar procedure one can determine the net
revenues of all harvests for all regions. These net revenues are

shown on Table I-10.

One final  note. To be complete, we include the cost of tree
planting 1n the calculation of net benefits. In all cases, farm.rs
are expected to take three days to plant their AOP seedlings. The
cost of plunting is therefore, three times the daily wage in the
‘egion. This cost is incurred in year one. There 2are also costs of
weeding to be considered. However, since mist of the AOP participants
planted their seedlings in a field being cultivaled at the time, we
assume that the trees will be weeded at the same time the crops are

weceded and at no extra cost.

Now that we have determined the costs and the benefits of
planting AOP seedlings, we can combine them to calculate the net

present value (NPV) of these plantings. Table I-12, column 22 shows
the net present values of all the different agroforestry systems
described earlier, for each region. For an exanple of the

calculations expliiined below, see Table I-7.

We see that there is a stream of costs and benefits over the
sixteen-year period being considered. In year 1 there is a labor
expense for planting the AOP seedlings. We've assumed that all
farmers spend three days planting at a cost of three times the average
daily wage rate for that region. In the South the average daily wage
is $0.95 so three days of labor are worth $2.85.
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Table 1-12. Sussiry of the el costs and Denefits incurred by 40P participants, by crop associeti.a and by region.

{6)

(0 (@ () o) (1 02 (3 () Gs) @gs) 071 08 (19 (0 (1)
Year

South m @ o {1} {s) 1 2 3 4 5 s ? ] I U T U I ) R T R L T T ¢ ) |
Maire, sorghus, peis coaga I 2% 106 L7 2601 -2.88 =20.57 30.31 251 2.90 -22.67 414} 434 479 -20.9) SN0 6.03 6.43-19.20°68.17 3.7
Maire, sanioc, beans 3295 106 199.94  22.55 -2.85 -21.23 33.59 2,17 2.57-19.58 4443 375 413 -19.06 S6.73  5.21 5.5 -16.66 7075 47.19
taire, sorghus, saniec 2 197 7 301 324 -2.85 -35.99 1912 3.67 4.37-33.20 31.09 6.36 7.00 -30.62 44.42 0.3} 9.42-20.24 $9.33  S.85
Maire, beans 1 98 35 119.81 1342 -2.85 =12.63 42.01 1.29 1.53-10.85 52.20 223 2.46 -10.75 £3.90 3.10 3.1t -9.91 1235 M.}
Maize, soighus 1 98 35 2%8.02 29.10 -2.85 -27.39 27,54 2.80 3.32-25.27 30.85 4.64 5.32-23.31 S1.59 .72 72.17 -21.50 66.00 29.84
Maize, sorghus, sanioc, patate 2 197 71 3%0.47  44.05 -2.85 -41.48 1376 423 S.03-38.24 2515 2.32  8.06 -35.27 39.87 10.17 10.05 -32.53 $5.19 -9.7
Maize, sanioc, patate 4B M2 021 25.97 -2.85 “20.40 30040 249 2,96 -22.54 413 432 4.75-20.79 54.05 6.00 6.40 -19.18 £8.27 18.1S
Taire, patate 2197 0 Ao e -2.88 -4.35 50,12 D40 0.53 -4.01 $9.67 0.77 0.85 -3.70 70.60 .07 1.04 -3.42 83.72 94.66
Mintoc, peanuts 1 98 35 376.88  42.51 -2.8% -40.01 15.18 4.08 4.65 -36.91 27.45 7.07 7.73 -34.04 41.07 9.62 10.47 -31.40 56.30  -S5.65
Raire, sorghus. patate 1 98 35 26278 29.64 -2.8% -27.90 22.85 2.8% 3.30-25.73 38.40 .93 S5.42 -21.73 S1.17 6.8 7.30 -20.89 &5.02 2042
mangoc, beans 1 9B 35 12248 13.82 -2.85 -13.00 41.65 1.33  1.58 -11.99 Si.gl  2.30  2.53 -11.06 63.99 3.i9 3.40 -10.20 77.07  70.32
Yas, patate 2 197 N 18123 172.06 -2.85 ~16.06 38.66 1.64° 1.95 -14.8) 4511 2.84  3.12 -13.66 61.04 3.94¢ 4.20 -12.60 74.72 L.
Mnioc 1 98 35 e 1282 -2.95 “12.07 4256 1.23 1.6 <1113 S2. M 213 2,35 -10.27 44.37 296 3.16 -9.47 11.19  72.95
Sorgbus, patate, yan 1 98 35 356 42.25 -2.85 =39.77 1542 4.06  4.02 -36.64 2787 702 273 -33.83 41.28  9.76 0.4l -31.20 5549 -4.96
fallow 2 197 uUn  0.00 0.00 -2.85 0.00 54.39 0.00 0.00 0.00 &3.02 0.0 0.00 0.00 24.43 0.00 0.00 0.00 07.07 105.90

Totals 27 %51 %S) ~1572 0 -21385 123557 2183 2594 -19725 149708 3778 4155 -1CI94 179930 5248 5598 -16781 214899

(6) (1) (&) (9 (o) (1 (a2} (3 (8 sy () 2y Qs (19) {200 (21)

Year ’

Southeast M @ (3 {(4) (s) 1 2 3 4 5 Iy b 8 9 10 1 12 13 1] 15 1% {22)
Maize, sorghus, peis coago S 1334 487 4317 2078 -2.40 -19.55  4.87 200 2,37 -18.04 10.43 3.45 3.00 -M6.64 1659 4.80 5.12 -15.34 23.43 -8.81
Maize, sorghus, manioc 2 542 195 303 29.93 -2.40 -28.17 -3.58 2.8 3.42-25.99 2,64 4.93  S.4C -23.97 9.40 6.91 2.37 -22.11 1s.80 -33.08
Masle, beans 121 91 13243 1L -2.40 -10.65 13.59 109 1.29 -9.62 18.48 1.88 2.07 -9.06 24.00 2.61 2.79 -8.35 30.208 16.24
Maire, patate 1 m 97 S1L4D 439 -2.40 -0.13 19.98 0.42 0.50 -3.81 24.37 0.73 0.80 -3.52 29.44 101 1.08 -3.2¢ 35.29 4.5
Maize, sorghus, pois congo, p2 2 542 195 29124 24.88 -2.40 =23.42 108 2.39 2.80-21.60 6.90 4.14  4.55-19.93 13.36 S.J5 6.13-18.38 20.46 -17.69
Maize, potatoes t 2 97 1191.80 10183 -2.40 -35.84 -69.89  9.78 11.62 -80.40 -5B.52 16.93 18.63 -B1.54 -47.02 23.52 25.07 -75.21 -35.23 -228.40
Peanuts 1 97 261.83  22.37 -2.40 “21.06 3.0 2.1 255 -19.42  9.03 3.72  4.09-12.91 15.2¢t S.17 S.50 -16.52 22.28 -13.03
fallow () 0 2253 0.00 0.0 -2.40 0.00 24.03 0.00 0.00 0.00 28.11 0.00 0.00 000 32.59 ©.00 0.60 0.00 38.47 46.20

Tstals 13 3520 3520 -gu8 0 -32424 52810 3310 3933 -29907 49638 5727 6302 -27585 88739 7957 487 -25444 110479
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Table I-12, page 2. Sunsary of the aet costs and besefitls imcarred by 40P participants, by crop assocjation and by regica.

@ M @ (M a0 an (@2 an (@ a8 g an  aey (19 (0 ()
Yeor
Nor th fin < o W {3) 12 3 ¢ s 6 2 8 Y B o _12 B w5 K (2
Maile, mamioc, beass S N9 259 18036 189y -3.30 ~17.87 19.63 1.82 2.17 -16.48 2030 3.16  3.%7 -15.20 35.93 4.39 4.68 -14.02 45.73 21.81
Naize, sorghus, sasioc 1 4 52 e 319 -3.30 ~31.240 6.53 319 3.79-28.81 15.22 5.52  6.07 -25.57 24.79 2.67 8.18 -20.51° 35.45 -15.09
Matre, beans 3432 155 10559 1069 -3.30 -10.07 2728 1.03 1.22 -9.28 34.35 1.78 1.96 -8.56 42.40 2.47 2.63 -1.30 SI.73  43.46
Maize, sorghue, pois congo, pa 2 268 104 264.9%  26.84 -3.30 ~25.26 12.39 2.%8  3.06 -23.30 20.62 4.4 491 -21.49 29.77 4.2 £.6]1 -19.82 40.05  0.72
Naile, sanloc, patate 2 8 104 21277 2206 -3.:0 -20.76 16.80 2.12  2.52 -19.15 24.69 3.67 4.03 -12.66 33.52 5.09 S5.43-16.29 43.51 13.38
faize, patate 1 52 WSy 30 -3.30 -2.92 34.28 030 0.35 -2.69 40.81 0.52 0.5 -2.48 48.40 0.72 0.26 -2.29 52.23  &3.%2
mntoc, peasuls 1 4 52 35.65 3703 -3.30 ~33.86  2.98 4.5  4.23-32.15 I1L4 6.6 6.27 -20.65 21.77 8.55 9.12 -20.35 32.67 ~26.2)
Maize, sorghus, peanals 1 w4 S2 2823 29.10 -3.30 -27.33 10.29 2,80 3.32-25.27 1B.49 484 $.32-23.31 27.97 6.2 2.1 -21.50 8.i0  -5.28
Maatec, beans 1 e %2 1203 11.3S -330 -10.¢8 26.67 1.0 1.30 -9.85 33.60 1.89 2.08 -9.09 41.93 2.42 2.80 -8.38 S5I1.26 41.73
Ran1oc 1 14 52 11369 1151 -3.30 S10.64 2652 110 1.3 -10.00 33.65 191 2,11 -9.22 41.79 2.86 2.84 -B.50 S1.14 41.29
Fallow ] 0 168 0.00 0.00 -3.30 0.U0 37.14 0.00 0.00 0.00 4345 000 000 Q.00 S0.83 006 ©.00 ©0.060 $9.47 71.78
Tetals 18 255 25%0 8547 0 -17068 79466 1742 2070 -15743 97102 3015 3317 -14521 117419 4189 44£Q -13393 140902
) (1 (8 (9 (o) (1) (2) 03 (4 sy (s} (13} (18) (19) (200 (21)
Yedr
Upper Plateas (y (2} (3 (1) (5 | 2 3 4 S ¢ 7 8 9 10 1 12 13 1 15 18 (22)
Maize, sorghus, pois congo 10 1157 431 250.97  16.i4 -2.10 -15.19  9.52 1.55 1.8& -14.01 14.02 e 2.95-12.93 20.77 3.73 3.98-11.92 27.40  4.50
Maize, sanioc, beans 2 N9 @6 220,05 1420 -2.10 -13.36 1130 1.36 1.62-12.33 16.47 2.36 C.e0-11.37 22,50 3.28 3.50-10.49 28.60  9.65
Maize, sorghee, aanioc 7 838 2 357.8% 2302 -2.10 “20.67 V18 2,21 2.43-19.98 8.9 383 4.21 -18.43 15.33  $.32 S.AY-12.00 22.42 -13.70
Marze, besns 1120 43 13 %.09 -2.10 -8.5 16.02 0.07 1.04 -7.89 20.ul J.51 .66 -7.20 26.50 2.16 2.24 -6.72 32.50 23.17
fatre, sorghus L1200 43 27603 3106 2.8 -18.22 B.D3  1.7)  2.03 -15.42 13.48 2,95 3.25 -14.22 19.56 4 ié 438 -13.12 26.23  0.22
Maize, sorghus, manioc, patate 1 120 43 41897 26.69 -2.10 -25.12 -0.21 2.5 3.05 -23.17 S.B4 444 400 -£1.37 12.50 6.16 6.58 -19.71 19.76 ~-23.42
Maize, sorghus, peanats 1120 43 364 2034 -2.10 S19.140 S.eS 195 2.32-17.66 11,25 338 3.72 -16.29 17.48 4.0 5.01 -15.02 24.35  -6.6)
fallow 0 o 1%l 000 0.06 -2.10 0.06 24.41 0.00 0.00 000 28.55 0.0 0.00 0.00 33.44 ©0.00 ©0.00 0.00 33.00 42.24
fetals 23 2152 252 -519 0 -122:4 50297 1JS8 2009 -15087 6300} 3042 3340 -14453 77667 4227 4508 -13516 94303
@ m B (9 ho Gn 02 (3 (1) a8y (1) (an (s (19 (20 (1)
Year ’
Lower Plateau m @ () (s) | 2 3 ] S 7 ] 9 1w 12 13 P S TS ¥4
Maire, sorghus, pois congo 427 1M 188.58  12.22 -4.56 -11.50 18.80 1.17 1.40-10.61 24.60 2.03 2.24 -9.70 31.58 2.82 3.01 -9.03 139.33 24.12
Maire, sorghua, manjoc 2 23 N .43 1928 -4.50 -18.14 12.29  0.BS  2.20 -16.73 1B.00 3.20 3.53 -15.84 26.00 445 425 -l 1.2 543
Maire, brans 2 A3 77 981 452 -450 -4.26 25.90 0.43 0.52 -3.93 31.35 0.J5 0.83 -3.62 37.62 1.04 1.11 -3.34 4490 44 99
Matze, sorchus 6 540 230 210.23 M. -4.50 ~13.31 1283 0.36 1.61 -12.28 23.17 2,35 2.59 ~11.32 30.07 3.27 3.40 -10.44 32.93  19.03
Haize, sorghum, saniecc, patate 1 107 18 3342 2225 -4.50 S20.9% 9.54 214 2.54-19.32 16.27 3.0 407 -17.82 2371 S.14 S5.48 -16.44 3206 -2.45
Maire, sorghus, patate 1167 3 21938 1422 -4.50 -13.38 16.96 1.37  ).62-12.34 2311 2.36 2.60 -11.38 30.01 3.20 3.50 -10.50 37.88° 18.83
Fallow 7 223 136 0.0 0.00 -4.50 0.00 30.07 ©0.00 ©0.00 000 3520 .00 ©0.00 ©6.00 41.17 0.00 0.00 0.00 48.17 56.47
Tolals 11920 1920 -840 0 -2872 50020 004 955 -T261 60369 1390 1S3 -6697 22483 1932 2060 -4177 85433




Tadle I-12, pege 3. Suztary of the wet tosts and benefits incurred by AOP pasticipants, by crop assnciation and by region.
) (1 (8) (9 o) (1) (12) (13 (1) (1s) (w6 (7)) (8} (19} (23 - (2)

Year

fegion | - Bosdardopolis w 3 1] {s) 1 2 3 4 5 é ? 8 9 10 )] 12 13 1" 15 16 (22}

saize, sorghus, pols congo t W 3 222,57 2.1 -l.oo =25.70 95.42 2,62 3.12-23.70 117.87 A.S¢ 5.00 -21.87 M3.64  6.31 6.3 -20.17 173.33  162.79
Maize, sanioc, beans 1 1 53 195.78  23.49 -3.00 <2211 98.94 2.26 2.68 -20.40 121.11 3.91 4.30 -13.81 146.63 5.43 5.79 -12.35 176.10  177.8%
Maire, beans 1 147 3 A 13 -0 -12.94 107.93  1.32  1.57 -11.93 12940 2.29 2.51 -J1.01 154.28 3.17 3.39 -10.15 183.15 201.71
Baire, sorghus, manioc, patate 3 441 159 396.2 46.34 -3.00 -41.62 77.86 445 5.29 -40.23 101.67 7.70 8.46 -37.11 128.70 10.78 11.42 -34.23 159.5% 117.40
Maire, sanioc, patate 1 147 53 226.06 2713 -3.00 ~25.53 95.59 2.61 3.10 -23.55 110.02 4.51 4.96 -21.72 143,780 6.27 6.68 -20.04 173.47 168.27
Pois congo, patate 1 11N 53 -1.58  -0.43 -3.00 0.40 121,01 -0.u% -0.05 0.37 14147 -0.07 -0.08 O0.34 145.41 -0.10 -0.11 0.32193.41 41.21
Manroc, patate 1 47 53 19485  23.38 -3.00 -22.61 99.04 2.25 2.67-20.30 121.21 3.89 4.23 -18.72 146.72 3.40 5.76 -17.27 176.18 178.19
Fallow 1 147 N 0.00 0.00 -3.00 0.00120.61 0.00 0.00 0.00 145.10 ©0.00 ©0.00 0.00 155.07 0.08 0.00 0.00193.10 240.10
Tetals 19 M0 1420 -0 0 -12634 164915 1290 1532 -11653 195997 2232 2456 -10749 2321i9 3101 3307 -9914 274141

(63 (0 (8) (9 (o) (1) (2 On 40 0sy (s an  (as (9 (00 (1)

Year

fegion [ - Jean Radel () (2 @) (] (s} 1 ? 3 4 ] '3 ? (] ] 10 I 12 13 14 15 16 (22)
Maize, sorghes, pais congo t sto222.7 2.1 -3.00 -25.70 35.08  2.62 3.12 -25.71 48.21 4.5¢ S5.00 -21.87 62.15 6.31 6.73-20.17 18.00 4292
taire, sanioc, beans 4 S85 203 195.78  23.49 -3.00 ~22.11 39.40  2... 2.68-20.40 S1.45 3.91 4.30 -10.81 €5.14 S.A3 579 -12.35 £0.77 53.02
Maize, sorghus, sanioc, patate 1 141 SI 386.2  46.34 -3.00 -43.62 18.32 445 5.29 -40.25 32.01 7.70 8.48 -37.11 42.21 18.70 11.42 -34.2} 64.23 -2.48
Fanioc, peanuts 1 51 I .78 -3.60 -a2.04 1977 430 S.11-38.87 33.38  7.44 8.19 -35.85 4B.44 1G.34 11.03 -33.07 ¢5.36 1.67
Maire, sorghus, patate 1 SI 258.84  31.06 -3.00 -29.23 32.42 2.98 3.55-26.96 45.00 5.16 S5.68 -24.87 $9.21 2.17 7.65-22.94 75.%9 37.98
Fallow 0 0 723 0.00 0.00 -3.00 0.00 61.07 6.06 0.00 0.00 71.44 0.00 0.00 0.00 83.58 0.00 0.0 0.60 97.77 120.22
Tetals ¢ 1130 113 -3390 0 -11652 57590 1389 1413 -10748 70195 2058 2265 -9713 84730 28:0  30SO -9)44 101519
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"  .Tabie irI3," Cumu1ative changes in NPV.  ”’n . : f 

Nvamber and percent of

farmers whose NPV from

tree farming is below
net the amount in column 1

(%) number percent
----------------------------- . : ®
-60 94 0.01 , ’
-40 937 0.06
=20 2097 0.12
0 2576 0.15
20 3909 0.23
"0 4818 0.29
650 8914 0.53
80 11643 0.69
100 11764 0.70,
120 14802 0.88
140 15475 0.92
160 15721 0.93
180 15644 0.93
200 15774 0.94
220 15812 0.94
240 15812 0.94
260 16821 1.00

Source: Table I-10.

In the third and fourth year of e:ch four year rotation, there
are no revenues from crop production because, as explained earlier,
the farmer will not be able to plant his crops due to excessive
shading. Column four shows the net income from the first tree harvest
in the South region from Table I-10: $54.39. Succeeding four vyear
rotations are similar. The small differences in net revenues fron
wood are due to the increase in the price of wood products over tine.
Note that the net revenues from crops do not decrease over time when
planted only two years in every four on land protected from excessive

erosion by trees.

Calculations similar to those shown in Table I-7 are made for
each of the crop associations considered. These are summarized 1in
Table I-12. In the last column of Table I-12 we see Lhe net present
value of each of the associations. Some of these values are positive
and some are negative. That is, it is profitable to replace sone
crops with trees but not profital le for other crops. Column 3 of Table
I-12 shows the pumber of farmers ocstimated to have replaced each of

the 1listed crop associations with trees. If we list all the AOP
participants by the amount they will have gained or lost, we obtain
the Table 1I-13. We can see from this table that 15% of all AOP

associations have neil present values less than zero.




! .
This does not mean that 85% of all these farmers are bhetter off

while 15% are worse off than they would have been without the project.
This will be discussed more in the next section. We will for the
mowent continue to use the financial losses shown in Table I-12.

Additional note

It would seem from Table I-13 that 15% of all AOP participants

are worse off for having participated in the project. This 1is not
necessarily so. It is only true if we have correctly assumed ,the
farmers "without project" actions. That is, what he would have done

had he not participated in the AOP.

Our assumption has been that the farmer will continue to raise
the «¢rops on his field for sixteen years. Because they planted AOP
secdli gs, they must giv>: up some income they st ould have earned from
crop p oduction. This is the opportunity cost of the plantation. The
2576 farumers who seemingly lost money by planting AOP trees (See Table
I1-13) did sc because of these opportunity costs. However, if those
farmers have labor or other constraints which would prevent them from
farming this land, then it follows that they would not have had the
same opportunity costs and therefore would not have had net losses.

1t may be, for exarple, that a farmer’'s sons have grown up and moved
avvay and he no longer has the family labor necessary to cultivate all
his land. l'e then decides to plant trees which require very little

labor for establishment and maintenance.

We are not saying that the losses incurred by these farmers
should e ignored. They are included in this analysis as a cost of
the project. What we hope to do in this section is to give sone
possible explanatious as to why some farmers choose to plant trees
whe i, according to our analysis they should not be doing so. It may be
that the 15% of all AOP farmers who are "losing money" may feel that
this is5 one of the best investments they have.

The farr :rr is faced with a production situation in which he must
allocate a nuuber of inputs (land, labor, capital, <cash) to several
outputs (tyj s of agricultural crops and trees). He will maximize his

profit by all.ocating these inputs to the various outputs in such a way
that the marginal value product of each input 1is equal for all

outputs. (Harou, 1983; Raintree, 1983) This allocation process is
such that th> farmer must consider all inputs and outputs at once.
Decisions should not be based on one field only. There is evidence

that the Haitian farmer does consider the entire farm enterprise.

The decisions made by the farmer are influenced by the
availability of resources. As the resources available to the farmer
change during his 1life, the basis of his decisions change. For
instance, family wealth 1in the form of 1land holdings normally
increases as the head of the family ages. Labor available for
agricultural activities normally increases as children grow and then
decreases as thz2y leave home. The possibility for education and urban

employnent also affects the availability of labor over time.
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] .
Some farmers are limited by the amount of 1land they have

available. Others are limited by the lack of family labor and the
lack of cash to purchase labor. Others arc limited not by Lhe amount
of labor they have but its seasonal availability in relation to the
srasonal demands of the crops. Others have what might be called a
labor surplus. They are willing to work but have nothing to do.

Murray supports this view when he says that the farmer’s "success
in life entails not on.!y the acquisition of land, but the systematic
mobilization of the energies ot other individuals as well ... Much of

his bebavior will not be understood, however, unless' his radical
dependerce on the labor of others is clearly perceived ..." (Murray,
1975: 237) .

The NPV criteria which we have been using assumes that the farmer
will be reimbursed fcr his labo. at the regional average daily wage
rate. We know that he does not pay himself a wage, but he will devote
his laber to other activities if he considers the returns to his labor

from tree farming arc too low. -

Uncertainty is another reason for planting trees. Conway writes
"Their (the farmers’) reasoning was that with agriculture becoming
increasingly uncertain, and with land available because of labor
constrai.‘s, they preferred to cultivate trees which could be used as
a reserve for cash at any ti:.ie oncu the trees were mature.”" (Conway,
1986: 26) Some farmers may use the trees as a reserve for
emergencies. The reason for doing this is that when an energency
occurs, the farmer may have to borrow cash at very high interest
rates. It 1is important to mention uncertainty because we have thus
far assumed it away. That is, we have given agricu!tural production
the alvaatage by saying that the farier can harvest sixteen successive
crops. This makes that opportunity cost of tree farming higher that

it should be.

There is another reason some farmers may be willing to
participate in a program wnich is seemingly unprofitable. In this
report we have seen that certain farmers are planting AOP seedlings
under conditions which will make them financially worse off. Note
that the investment we are talking about is planting AOP -seedlings.
Consider the farmer who has received his see.lings from an
orranization which sponsors many activities. Such organizations may
distribute tree seedlings while providing health services, fertilizer,
improved seced, pigs, and so on. Regular clients often receive
preferential treatment. In some <cases farmers accept trees for
planting as a way of gaining or maintaining preferred client status.
I such <case2s the farmer does not judge tree planting as a simple
investment in and of itself. He judges the whole package of benefits
he stands to receive from his local PVO. He will accept the package
it the net result is positive even if some of the components are
negative if he believes that by accepting the less profitable
investments he has assured access to the very good ones.

Finally, normal economic investment decision criteria should be
based on the most limiting factor of production. One problem we face
is that we cannot classify our 73,000 farmers by their most 1limiting
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] .
factor and perform different analyses on each group. What we have
done 1is used the most common basis, land, bec:use it is the easiest
basis on which to gather information and therefotre more information is
available for land that for any other factor.

It is clear that land is believed by most people to be the most
liriting factor to Haitian farmers. The Project Paper says that "The
project will develop small farm agroforestry demonstration models
aimed at increasing productivity and incomes per unit land area ..."
(ALD, 1981: 69) Labor is a more limiting constraint than land ‘for
sone farmers.- Thus, the project should also consider developing
models aimed at increasing labor productivity. ’

We might have added labor savings due to less time spent
collecting firewood. If we had done this, then we would have had to
veduce the benefits from selling charcoal. Since it is relatively
easier to calculate the value of the charcoal value, we've used it
rather titan the value of auto-consunption of firewood. In this case,
the 1income from charcoal is the least the farmer could receive. It
may be that by using the wood for firewood, he would benefit morve that

we have shown.

25



CHAPTER 2

The role Operation Double Harvest (ODH) plays in the AOP
complements that of CARY and PADF. CARE and PADF work with small

farners. In general, tLhey do not distribute more than five hundred
trees to one individual. In the recent past, many farmers have
received only 250 or even 150 trees. Double Harvesi, on the other

hand, deals exclusively with large landowners. The plantations range
in size from sixteen hectares to = venty-six hectires, with an average
of forty hectares. See Table II-1 and Figure I-1l.

Table II-1. Double Harvest plantagions, their
size and establishment dates.

Size in Establishment
Plantation Hectares Date
Madsen 51 May, 1981
Herausx 40 July, 1981
Fonds Parisien 47 April, 1982
Ashton 20 July, 1882
Gardere 32 July, 1982
Roy 90 July, 1883
Liautaud 24 July, 1933
Roude 63 Jan, 1981
Durocher 43 July, 1¢84
Nadal 76 July, 1985

Source: ODH Quarterly Reports.

While CARE and PADF work to develop a body of knowledge which
will help small farmers raise trees profitably, Double Harvest is
doing the same for large landowners who wish to establish industrial

plantations.

There 1is another basic difference between the method used by
CARLE and PADF and that used by Double Harvest. CARE and PADF provide
only seedlings and technical assistance (training and advice). The
participating farmers do all the work thenselves ot arrange to have it
done. ODH, on the other hand, enters into an agrceement with the
l i lowrer., Under this agreement, ODH executes and pays for all the
plantation operations, from establishment through maintenance to
harvest. The share of profits accruing to each partnetr is specified
in the contract as well. This process is explained in more detail
elsewhere. For the purposes of this financial analysis, ODH and
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the landowner are considéred together. Expgnditurég made by either
arc used in the analysis, ns arec incomes earned by eithker. ‘ .

As in Chapter 1 , we will begin by summarizing the benefits which
will accrue Lo the plantations.

In consultation with ODH personnel, we agreed to divide the ten
ODY plantations into four productivity classes, Instead of analyzing
cach of the ten plantations, we will consider four plantations, one
from each class. This will give an idea of the range of production
possibilities and the profital'ility over a range of sites. The
varjiability 1is due to many factors but mainly to differences in soil
and, to a lesser extent, rainfall. For further information on site
diversity, see the technical portion of the project evaluation. Each
class will have a different harvest schedule. These are described
balow. They are not based on any determination of optimum rotation
and are not even recommendations. They are +reasonable schedules based
on limited information.

B T WS " TS S - M . G T - . T S s G e Wy M AE S D G . L W T R G G S G G W D G SED e A D YA W G W S e G

Plante=mew=--t § !
\ /
1]

{ommmmmmm e e A L e §)

(P] - Harvest poles
(L] - Harvest lumber
!S! - Select lumber trees

Class I contains only the Madsen plantation because no other
plantation has the potential that Madsen has. The harvest schedule

for class 1 is described below and is shown schematically in Figure
n

Year 3: 20% of all stems would be selected for
lumber production. These trees would be harvested
in year nine. The remaining BO0% would be harvested
for poles and fuelwood. Year 6: another 20% of
all stems would he selected for luwmber production
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from among those harvested in year three These
lumber trees are scheduled to be harvested in “ear
twelve. The remaining 60% would be harvested for
poles and fuelwood again. Year 9: a third 20%
would be reserved: for lumber production from among
the 60% which had been twice harvested for poles
and fuelwood. These trees would be harvested 1in
year fifteen. The other 40% would be harvested for
poles and fuelwoed. Finally the first lumber
harvest would be made. Year 12: the second lumber
harvest would be made along with a 60% harvest, for
poles and fuelwood. Year 15: a third lumber
harvest is made along with an 80% poles and
fuelwood harvest.

Class II 1is comprised of the Roy, Cardere, and Liautaud
plantations. They are estimated to have productivity below that of
the Madsen farm but greater than the remaining farms. The harvest

schedule for Class II is much simpler than that for Class I.
Figure 3.

Fig:re I-", Harvest Schedule for Class II plantations.

Age of plantation in years

(P] - Harvest poles
(L] - Harvest lumber
!S! - Select lumber trees

- w en e T G D G - e ™ - e S S = A WR e G G G SN R M SN W W I G D D D CE T D GHP TAS D P CEP GID G Mn M D AE G D EP WP EP GD @ G G e

Year 5: 20% of all stems are designated as lumber
trees, to be harvested in year fifteen. The
remaining eighty percent of 8ll stems will be
harvested for poles and fuelwood. Year 10: the
trees harvested 1in year five will again be
harvested for poles and fuelwood. VYear 15: the
trees harvested in year ten will apain be harvested
for poles and fuelwood. The lumber trees selected

in year five will be harvested.
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See

| 81X



1

Class III contains the Fonds Parisien, Roude, Durocher, Ashton, and
Nadal plantations. The harvest schedule is quite simple, there will
be no lumber production. See Figure 4. ‘

Figure I-4., Harvest Schedule for Class III planfa@ions.

Age of plantation in years

0 1 2 3 4 5 6 7 8 9 10 11 12 13 .14 15

Year B8: poles and fuelwnod are 'arvested. Year 15:
all trees are again harvested for poles and

fuelwood.
Class IV was created for the Heraux plantation. This plantation
is thought to be unproductive. ODH is no ‘longer committing any

resources to the Hereaux plantation. Any harvesi{ fro:u this plcntation
would be of little importance.

- e e an e o - —

A good deal of rescecarch has been done on the Madsen farn. Ye
have estimates of yields in years two and three. We will use these
estimates to project yields for other ages. As mentioned earlier, any
projections beyond four years are educated guesses. However, we feel
that what follows are reasonable estirates.

1) In 1983 Timyan (Timyan, 1983) estimated the fuelwood vyield
for the Madsen plantation based on measurements taken byv Bihun (Bihun,

1983). The plantation was divided into ten parcels of differing
productivity. See Figure V. Ten perminent sample plots were
established, one to represent each of tle site classes. Annual volume
growth was determined for each parcel and extrapolated to the area
represented by that parcel. The results of this study are rhown in
Table I11-2. The average yiecld of thesce ten plots wus estimated to be

6.6 cubic meters per hectare per vyear.

To determine the average yield for all of the Madsen farm we
would include the area not included in the yield study described

above. These areas of ’no growth’ comprise seventeen of the fifty-one
hectares. Thus the the average yield for all of Madsen is 4.4 cubic
meters per hectarc per year. (All fifty-one hectares werc planted in
1982)
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‘Table II-2. Estimation of mean annual volume
growth for the Madsen plantation.

Mean Annual

Parcel Area of Volume Growth
Number Parcel (m3/hectare)
1 2.7 8.0
2 2.0 5.1 .
3 11.8 3.1 ,
4 0.6 13.8
5 7.5 2.5
6 3.6 20.5
7 1.6 17.8
8 1.0 4.6
9 2.1 9.1
10 1.1 2.0
Area surveyed 34.0 6.6 (wtd avg)
Other areas 17.0 0.0

Total area 51.0 4.4 (wtd avg)

Source: Timyan (1983) Table VII.

2) In June of 1984, Timyan established an experimental plot
containing three hundred leucaena. (Tinuyan, 1984) These trees were
clearcut to determine the yield ai thirty-seven m nihs. Timyan found
that the leucaena on this site produced at the rute of 10 metric tons
of merchantable wood per hectace per year or 16.4 cubic meters per
hectare per vyear. In additions, there were five tons of non-
merchantable wood. In this study, any branch or stem having a
diamecter exceeding 1.5 cm was considered merchantable.

ODH was <conducting an 80% thinning of the Madsen plantation at
the tine and wanted to have an idea of the standing volume after the
thinning. The sccond objective of Timyan’'s 1984 study was to
determine this volune. After having felled all three—-hundred trees,
he selected the largest and best 20% of all trees. These trzes yielded
45.6% of merchantable and 43.5% of nonmerchantable biomass.

3) Timyan determined that approximately 50% of all trees
harvested (one-hundred-sixty out of three-hundred) were suitable for

poles.

i) Of the total volume of wood used for poles and charcoal,
thirty-six percent of the volume was in the poles and 64% was wusable
only for fuelwood.

5) Timyan converted 2.07 tons of dry wood into 0.42 ‘tons of
merchantable charcoal. This represents a 20% dry weight conversion
rate.
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Tuble [1-3. I'rojected harvests forom the Madsen plantation.

: harvest in : harvest in :

: cubic meters : commercial units :

: PPole und :  Number Kg of DBdft of :

Yenr fueiwond lumber :of poles charcoal lumber :
1 : : :
2 : :
3 370.3 : 1125 29772 :
q: : :

5 : : :

6 : 370.3 : 1125 29772 :

7 : ’ : :
8 : 07.8 : 169616 :

g : 370.3 : 1125 29772 :

10 : : 8

| 3 B : :
12 : 370.3 : 1125 29772 :
13 : :
14 : : :
15 : 370.3 706.9 : 1125 29772 148440

Tot: : 1851.5 1614.7 : 5625 148860 318086 ( N

Pole snd fuclwooild harvest = 6.6 m3/he/yr x 3 yr x 34 he x 0.55
Lunmber hnrveast = 6.6 m3/he/yr x 8 yr x 34 he x 0.415

Polea harveat = 2500 trees/he x 0.90 (survival) x 0.50
Kg of charconl produced = 370.3 m3 x 600 kg/m3 x 0.61 x 0.20 (conversion) :
BdFL of lumber produced = 807.9 m3 x 35 £t3/m3 x 12 bdft/ft3 x 0.50 (conversion). .
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Tuble 11 4, I'rojecled wholesule prices for wood products in Port Au Prince.

bouble Havvesl's projected net unit revenues.

Projecled wholesale price

v 20 kg sack

Yeur : churcoal
1942 ¥
1983 EX ¥ ]
oa . 3.00
1o8h 3.00
1986 : 3.09
1987 3.18
194 3.28
1989 3.438
1990 : J.44
19491 : 3.58
1992 3.064
1993 3.80
19914 . 3.91
1995 14.03
1996 - 1.15

1982 to 1996.

Projected net

unit revenue

one dozen
avyg poles
r¥x

EE 9

5.50

5.50

5.67
5.83
6.0l
6.19
6.38
6.57
6.76

6.97
7.18
7.33

7.61

board foot : 20 kg sack one dozen board foot
of lTumber : charcoal avy pvles of lumber
¥ *¥ik *¥%¥ X¥¥

k¥ ¥kx b 3 3 4 k¥

0.50 : 1.65 14.40 0.29

0.50 : 1.65 4.40 0.20

0.52 : 1.70 4.53 0.21

0.53 : 1.75 4.67 0.21

0.55 : 1.80 4.81 0.22

0.56 : 1.86 4.95 0.23

0.58 : 1.91 5.10 0.23

0.60 : 1.97 5.25 0.24

0.6} : 2.03 + 5.41 0.25

0.63 : 2.09 5.57 0.25

0.65 : 2.15 5.74 0.26

0.67 : 2.22 5.91 0.27

0.69 : 2.28 6.09 0.28

66 54 se 08 65 55 08 €3 00 S0 e 6 58 S0 We S0 s 60 ss S0 a0 ne
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1982 Lo YO6.

Yeur

1982
1983
1084

XTI T )

1O8H
1946
1987

1948
1989
1990
1991 :
1992 :
1993 :
1994

1995
1996

e o0 e

Toble 11 5. Projecled nel revenues of the Madaen pluntation.
Ne:t revenue in dollurs

Poles Charconl Lumber : Total

412.50 2456.19 : 2R860.69

137.81 2605.05 H 3042.86

39018.58 : 395018.58

a74.13 2843.23 : 3321.35

522,19 3111.17 : 3633.36

570.94 391.01 115G3.20 : 45528.15

573.63 3414.10 11772.15 : 15759.88

LY 1Y

Source:

Tables 11-3 and 1 -4,


http:15759.88
http:11772.15
http:45528.15
http:415G3.20
http:39018.58
http:39018.58

These five pieces of information and the harvest schedule for a-
Class [ plantation, discussed abov:, allow .35 to determine the harvest
volumes over the entire rotation. .

Table II-3 shows the projected harvests for the Madsen farm
during the fifteen-year votation. Table II-4 shows the projected
wholesale prices of these for these products and ODIH's projected net
income per unit. The prices in this table reflect a four-percent
annual real price increase. That is, we are assuming that the price
of all wood products will rise at a rate three-percent greater than
the general cost-of-living.

Note that ODH does not employ wage labor for harvest or product
transformation, All laber is compensated on the traditional Haitian
system of sharecropping. Workers wio contract to harvest poles are
paid 20% of the wholesale price in Port Au Prince for all the poles
they cut and stack. Since poles of different sizes have different
values, the workers stack their poles by size and are peaid
accordingly. Those who harvest fuelwood are paid $2.50 per stere cut
and stacked. Charcoal makers are paid 45%~of the wholesale value of
. charcoal for all the charcoal they produce. These charcoal makers
fell the trees, transpor-t the wood, and make and bas the charcoal.
ODH has not yet produced any lunber but we will assume the following
labor shares: The person sawing tinber into boards receives fifty-
percent of the lumber in payment for sawing and those who fell the
trees receive 20% of the wholesale value of the logs. This means that
if lumber were selling at, say, $0.50 per board foot, the sawyer would
receive $0.25, the feller would receive $0.05 and OOl would retain

$0.20.

ODH has a band saw with which it will sav lunber from logs
comings from their plantations. The type of saw ODH has is identical
to the one used by OMS in Cap Haitian. The best estimate of ODH's as
yet unknown sawing costs is the price OMS charges for sawing. This
price is 50% of the value of the lumber.

By applying the net unit revenues in Table II-4 to the harvests
in Table II-3 we cbtain the projected plantation revenues shown in
Table II-5.

The costs.

Now that we have estinmated the revenues which will be generated
Ly the Madsen farm, we will develop a summary of the «costs of
plantation establishment and estimates of maintenance costs based on
the maintenance costs experienced during the first four years of the
project.

According to AID records, OUH spent approxinmately ¢1,067,891.90
on the agroforestry project through October of 1985, $965,141.22 in
the first grant pericd, beginning in 1981 and going through the first
quarter of 1985 and $102,750.68 during the grant extension beginning

in the second quarter of 1985 and going ithrough October, 1985. See

Table I[I-6. According to ODH financial reports to AID, expenditures

totaled $967,054.938. However, additional expenditurcs were made but
35
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nnot reported to AID. During the last quarter of 1984 and the first
¢ tarter of 19875, ODH reported expenditures in only one category,
Management and Administration. Expenses were not reported for other
categories becauss ODH had already exceeded the grant budget for those
line items &nd so did not list expenditures from its own funds in the

other categories. Listing further expenses would not have led to
further reimbursements by AID, although it would have been useful for
purposes of cost accounting. .

(This miy be a grosé underestinate of the amount spent by QDH.
According to the original grant agreement $850,000 would be supplied
by AID and 31,114,000 by ODH. As stated above ODH reported only

$965,000 worth of expenditures to .ID. We have no idea of the nature
of experlitures made with ODH contributed funds, or even if additional
funds ie ‘e contributed by OD!. Thus, to the &extent that ODH

contributed Tfunds according to the grant agreement, the costs of the
agroforestry project are underestimated.)

Rather than go over six months’ records to determine additioral

ODH expenses no:% reported to AID, I have used average quarterly
expenditures over the previous year as proxy for actual expenditures.
That 1is, expenditures 1in each of IY-84 and I-835 are taken as being
equal to one quarter of the expendilure from IV-83 through III-84.
The estimz:ed a2amountys, $10,432.32 for nursery; 518.114.60 for
plantations; and $754.54 for the contingency fund, were added to the
amount reported to AID for each of the two quarters. Page 3 of Tchle

II-6 huis a slightly different format than do the first two pages.
This 1is because ODH obtained a Grant Extension which began 1in the
second quarter of 1983, The Grant Extension has a budget wh:'se has
format 1is not strictly comparable to the budget for the original
grant. Table II-6 shows all ODH expenditures on the agroforestry
project, by quarter. The expenditures are broken down 1into five

categories.

Since we are detcrmining the feasibility of tree farming from the
point of view of the landowner we sre not concerned with all project
costs at this time. Only two categories concern us for the moment:
category C, Hardwood forest experimentation and demonstration and
category D, Management and administration <costs. We are not
considering nursery costs, for example, because the plantations have
been charged for the purchase of seedlings at the rate of $0.075 per
seedling.

Let us first consider the direct costs of plantation
establishment and maintenance. Table 1I-6 shows this total to be
$456.096.94, ($386,738.39 + $69,358.55) Table II-7 is a summary of
plantation and maintenance costs for each plantation. This table was
prepared by ODH in early 1985. Only labor costs for the period
January through September 1935 have been added,. This table shows
total expenditures to be $246,841.75 or only 54% of the expenditures
for categories C and D shown in Table II-6. The expenditures in Table
11-7 should be increased by 85% to include these unspecified costs. (1
/ 0.51 = 1.835) Table II-8B shows the estimated establishment and
maintenance costs for each plantation when incrcased to compensate for

this difference,
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The total cost of establishing and maintaining the ten - ODH
plantations 1is the sum of the costs in category C plus a portion 6 of

Lhe mnmanagement and administration costs in category D. For example,
during the initial grant, expenditures on the plantatlions
(8386,738.393) were 53% of all non—-managenment expenditures
($729,5232.14). So, 53% of all management expenditures (0.53 «x
$235,639.06 = $124,888.71) should be allocated to establishment and
maintenance of plantations. The expenditures in Table II-7 should be

increased by this amount to account for these adninistrative costs,

From Table II-8 we see that westablishment and muintenance
expenditures for the Madsen plantation were %$62,206.57. Table 1II-9
shows these expenditures grouped into annual totals and compared with
the annual revenues determined in preceding section.

Tabl: II-10 shows the net present value of these scries of

expenditures and reverues. The net present value of the costs of the
Madsen plantation is greater than that of the revenues at all discount
rat-s. .

Analysis of Class 2 - the Roy farm.

The Roy »lantation is used as an example for the analysis of
cliss II plantations.

- —— ——— ———

There have been no detailed studies of productivity on any of the
ODH pl:.tations o~ther than Madsen. However, in December and January,
ODH did a simple inventory of the other plantations in order to have
production estimates for this analysis. Several transects were laid
out on each plantation. Circular plots one-hundred square meters in
size were «:stablished every fifty meters along each transect. The dbi
of every tree found on the plot was recorded, by species. The
transects t2re nct laid out according te any particular sampling
scheade. They were merely established to show variability in growth by
crossing any environmental gradients.

Dry wood wcights per plot were determined wusing equations
developed by Timyan for leucaena on the Madsen plantation and by
Ehrlich for neem and prosopis. Wetghts per plot were expanded to
weights and volumes per hectare. The average vyield of the Roy
plantation 1is 1.2 cubic meters per hecture per year. As Pelleck
(1986: 4) says, "In ¢general the performance of leucaena, neen,
and cassia at Ya (Roy) are inferior to the native bayahonde, Prosopis
sp.; ut least from the standpoint of biomass production.”

The difference in yields between the Madsen plantation and the
Roy plantation 1is not due entirely to differences in growth rates.

Part of the ditference is due to differing survival rates. Timyan
(1983) reports that the survival rate oun the Madsen farm was 90%
(verify this). Accoriing to the CDH inventory sheets, the survival

rate on the Roy plantation is 48%.
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Tuble 1I1-6, Page 1. Total BDouble Harveat expenditurea for the Agroforestiry Outreach Project,

Line Item

by line ilem and by

quarler,

Al

and storage

C.

E.

SIBTOTAL

and research

TOTAL

to plantations

Totasl expenses for
plantatiuns

(Ia Jollars)

: QUARTER . s
: ———- :Cumulutive :
: 1-81: 11 -81: I11 -81: Iv-a48]; I 82 : II-82: IIT-82;: -1V - B2 Expenditures:
Nursery experimentation : 3496.R2 : 2369 : 13930.86 : 611,47 @ 41253.9 : 38516.47 : 83950.5 : 7024.98 : 115536.00 :
ard demonatration : H : : : : : : : H
. Select seedraiaing, grading : 13573.54 ¢ 36TY.97 : 13920.95 ; 13570.0% : 1003.05 : A4A600.69 : 2659.19 ' 1213.49 : 51850.93 :
Hardwood foreat experimentation : 6386.32 : 9319.40 : 30632.60 :119576.39 : 9135.67 : 17029.12 : 3430.40 :-22653.29 : 225193.19 ;
and Jdemonstration : : L : : : : : : :
Contingency fund, 5%. B : : : H : : 1085.17 : 1085.17 :
: 2340S5.72 : 15398.37 5R181.41 :.I337-19.87 ¢ 81392.62 : 60146,28 : 12080.09 : 39006.93 : 391665.29 :
0. Managewent, edministration, : 1500.00 : 2499.89 : 22175.00 9000.00 : 104127.87 : A257.41 : 9K3.43 : 16104.76 : 7995R.47 :
technical supervizion : : : : : : : : H :
s 24906.72 : 17H9Y.36 : 80559.41 :142749.87 : 61R”20.419 : 6R303.69 : 22073.53 : 55111.63 : 473623.76 :
Admin expense allocated : 409.26 :  1517.91 : 11614.608 ;. BM16.27 : 1R53.64 @ 2337.91 : 28137.85 : 12242,93 : 101560.50 :
¢ 6795.58 : 10BL7.31 : A2247.28 :127622.66 : 109HD.35 : 19367.03 : 626R.25 : 41896.22 : 266051.69

¢

Source: 0Ll financiul repurts to AID plus estimates as indicnted in text.
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Table t1-6, Pugs 2.

Total baable

Harvesl expendilures for the Agrofurestry Outreach Frojeci, by line ilem and by quarter. (In dollars)
QUARTER : H
: - ~———- :Cumulative @
Line Item : 1 - 83 It -R3 : III - 83 : 1Iv-83: I-81: II-61: I ~84: IV-81: I - 85 :Expenditures:
A. Nursery exp~rimentation 2 13392.37 : 52600.41 : 25411.66 : 12138B.70 : 9958.40 : 12792.60 : 6839.6.0 : 10432.32 : 1043:.33 :  269567.39 :
and dcmonstrstion : : : : : : ’ : : : H
B. Select seedraising, grading 0.00 : 0.00 : 937.00 : 0.00 : 0.00 : 0.00 : 0.00 : 0.00 ; ' 0.00 : 52787.93 :
ami storsge : H : : : H : :
2. Hardwood foreat experimesntation @ 6601.60 : 10880.00 : 35373.00 : 21539.61 : 114543.40 : 26528.30 : 10816.93 : 18114.60 : 18114.60 : 386738.39 :
and demonstration : : : : : : : : H : H
E. Contingency fund, 5X%. : 141850.00 : 294218 735.59 745.549 : 20408.43 :
SUBTOTAL : 31846.97 63180.41 61751.66 : 33678.31 : 2450)1.80 : 3R421.00 : 20668.77 : 20292.46 : 29292.47 : 729502.14 :
D. Management, adminiatration, : : : : : : : : ) :
technical supervision 12115.12 & 14596.89 : 23690.70 : 14855.47 : 20223 .81 1a851.1) : 20223.81 : 14151.00 : 1%672.00 : 235639.08 :
el reaearch H : : : : : : :
TOTAL : 52962.09 : 78077.30 : 85115.36 @ an533.78 @ A1725.61 : S52172.81 : 40892.58 : 43713.46 : 44961.37 ¢ 965141.22 :
Admin expense ellocated 3133.39 ¢ 2501.78 : 13570.01 @ 9501.10 : 12001.14 : 0227.70 : 10G13.47 ¢ BY36.57 ¢ 9691.64 : 120310.29
to plantations : : : : : : : : :
Total expenses for 10037.99 : 13381.78 : 489343.01 : 31040.71 : 265417.5% : 31756.10 : 2l~lllh.-1G : 27051.17 : 27806.24 :  50707B.68 :
plantations : : : : : : : : H

Source: 00N financinl reports to AID plus estimates o indicated in t.oxt.
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Table 11-6, Page 3. Totasl Double Horvesl expenditures for the Agroforesatry
Oulreach Progect, by line ttem ol by quarter. (In dollars)

: QUARTER : :

m—mmm—m e e e e e~ Cumi 8L iVe @
Line [tea 17 -89S MIT - 85 0 10 - HS Expendilures:
Hardwood Fourest kaperimentastton : 10763.37 : 41629.83 : 13965.35 ¢ 69358.585 :
Machine shop and woodworking : 0.00 : 1128B.50 : R15.22 1963.72 :
equipment : : : : H
Pesearch : 4610.43 : 2303.40 : 215.00 : 7158.89 :
Nursery : 5674.29 : 575B.47 : 2892.74 : 14325.50 :
SUBTOTAL : 21038.15 ; 53420.20 : 179383.31 : 92806.66 :
Adninistrative costs : 407)1.49 @ 3890.50 . 1982.03 : 9914.02 :
TOTAL 2 25119.61 ¢ 57710.7 : 19920.34 : 102750.68 :
Plantation share of : 2082.03 : 3I06.16 @ 1514.05 Lih1.24 ¢
admin costs : : : : :
Tolal plantation costs : 12845.40 : 47855.99 : 15508.10 : 76209.79 :

Source: ODH financial reports to AID plus estimales as indicated in text.


http:76209.79
http:155011.10
http:47855.99
http:12845.40
http:151:1.05
http:102750.68
http:19920.34
http:9!114.02
http:92806.66
http:17938.31
http:53820.20
http:2104H.15
http:14325.50

XEhl

Table II-7. Double NMurvest costls of establishing and manintaining plantations. In dollars.

: Plantalion and size in hectarves

: Fonds H

:  Madsen Heraux Parisicnas Ashton Gardere Roy Linutaud Roude Nuroacher Nudal :
Period : 51 40 a7 20 32 30 23 63 43 76 : TOTAL
May - Jun, 1981 : 521.50 : §21.50
Jul - Sep, 1981 : 2617.00 18.20 H 2635.2
Oct - Dec, 1981} : 2111.90 1655.70 H 3767.60
Jun - Mar, 1982 : 16R9.20 163.40 H 18132.60
Apr - fun, 1982 : 1970.20 120.80 1119.60 : 3210.¢60
Jul - Sep, 1982 : 1549.8¢ 202.40 954.410 103.20 33.80 : 2R13.60
Ot - Dec, 19RHZ o 1avk. 05 1H1.40 R32.8H0 1201.40 933.460 H 4617.25
Jun - Mar, 1983 o 91H.20 239.60 581.00 167.20 993.20 : 2489, 20
Apr - Jun, 19813 : 757.00 100.00 1219R8.40 453 .40 658,20 H 3217.40
Jul - Sep, 1913 : 612.60 175 .0 1410.00 357.40 1049.60 44680 283.40 : . 4341.60
Oct ~ Dee«, 1983 : 594.10 96.00 902.40 660.00 2702.20 3223.40 961.20 : 9233.60
Jan - Mar, 1544 B 540. 40 75.60 1909.40 135L6.20 62,30 2861.30 756.10 235.10 H f313.40
Apr - lun, 1981 : 1169.60 12.60 799,80 9gu2. 60 559.180 2573.80 525.20 2307.20 H #4930.G0
Jul - Sep, 1914 2 1001.80 0.00 Hia . no 791.00 399,490  2132.20 HHB. 20 1500, .0 11.80 : 7395.60
Oct - Dec, 1934 ;. 547.20 0.00 747.00 Ha2.00 705.80  1531.150 548,80 166H.00 1145.60 : 7429.20
Jan - Mar, 1985 : 336.00 0.00 830.00 443.00 252,60 100,20 191,40 690.00 1865.60 0.00 : 6038.80
ape - Jun, 1985 :  297.80 0.00 718,20 295.00 256.40  1112.00 261,00 1097.20 685.60 a.00 : 4743.20
Jul - Sep, 1YHhH : S5H.60 c.00 2707 1095.00 738,80 171.40 100,400 33135.80 B892.00 3039.20 : 109931.20
Total msintenance wages :19305.65 1041.50 12908.00 RB37.80 100°1.70 15165.490 5166.00 11012.80 4602.60 3039.20 : 93332.15
Wages for trees planted : 1070.90 S80.50 2702.60 16518.60  1397.20 2612.90 107R.00 2097.20 422.40 .00 : 14409, 80
Purchase of seedlings : 9675.00 R8325.00 15350.00 3467.50 6532.50 13635.00 4440.00 10237.56 2 ----- 8.00 : 72162.50
Vehicle deprectation and @ B10.00 16B0.00 1680.00 118.00 1250.00 1050.00 266.00 500.00  --——- 0.u0 ; 7714.00

fuel : :

Fencing waterianla [ 110.00  -~--- - == 1170.60 316510 2517.60 2533.00 —— 0n.00 : 10536G.30
Land preparstion : 6140.00 B453.00 4736.00 2038.00 3264.00 B960.00 2432.00 80G1.00 3750.00 0.00 : 48187.00

: R :
Total expenditures :37371.55 23230.00 37376.60 17119.90 23666.00 42461A8.40 16199.60 35145.50 8775.00 3039.20 : 246841.75
Expenditures per hectare : 732.718 580.75 795.25 B56.Nn0 739.56 495.76 674.98 562.63 204.07 39.99 :
Sourca: ODH report plus payroll records
Note: The coats per hectare shown in the last line of the tablas are not
altrictly comparable. The costs for Madsen, for 1nstance, are for a period *
of four-and oone~-halfl yenrs whereas tose for tue Houde plantation cover -

o period of only sne-and theee-quartera yeara.
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" Tuble II-B. Adjustled oD pluntation estublishment costs.

Plunlation
Mudsen
Heranx
Fonds Parisiena
Ashtlon
Guardere
oy
Linulauud
Roude
Durocher
Nadanl

Ltolal

unid justed
expendi tures

unad justed :
expendilures :
per heclore

37371.5856
214240.00
37376.060
17119,.90
24666.00
141618.410
16G199. 60
35445.50
H775.00
3039.20

totanl
adjusled

expendilures

ad ivsted
expenditures
per heclare

69206.
13018.
69215.
317013.
13825,
32626.
.26
65639.
16250.

5628.

29599

57
52
923
62
a3
67

81
00
15

457114.35

1457.00
1075.46
1472.69
1585.19
1369.56
318.07
1249.96
1041.91
377.91
74.06

Source: Table I-7.
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Table 11-9. Comparison of annual costs

and revenues of the Madsen farm.

1995
1996

Total

Tables II-5 and II-7.
Note: Maintenance costs are assumaed to -

Source:

Annual

expenditures

45128.07
11408.17
5116.43

5967.93

1685.97

XXk

XXk

Xk X

kX

*X¥

X%

%%

¥k

XXX

be zero starting in 1987.
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Comparison of the net present value
of expenditures and revenues for the Madsen farm
at varying discount rates.

Table [I-10.

Discount
rate (%)

NS N M 0GR AD B e D G e M v . S e e e P G v e N D ED OR TS D BN T R WS M G e WO

Table I1-9.

Sourca:

NPV of

expenditures

6389¢.90
59358.75
55432.84
52005.38
48387.45

46309.81

43

Annual
Revenues

0.00
2868.69
0.00
0.00
3042.86
0.00
39018.58
3321.35
0.00
0.00
3633.36
0700
0.00
45528.15

—— - . - —

In dollars.

NPV of
revenues

L R

57222.00
3565140.71
23175.36
15759.88
11110.01

8078.03

194
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The analysis of the Roy plantation stops here. $44618.40 have
been spent to establish and maintain this plantation during its first
twvo years, The arual production of this plantation is approximately
1.2 m3/ha x 90 ha = 108 m3. The Madsen plantation yields of
approximately 4.4 m3/ha x #1 ha = 224.4 m3 annually after initial
establishment costs of only $37.371.55. It clearly cost more to
produce wood on the Roy plantation than on the Madsen plantation.

Conclusinn
- ¢
The net present value of couts exceed the net present value of
revenues for Lhe ODH Madsen plantation at all discount rates. The cost
of producing wood on other ODH plantations is even greater. It is not
financially feasible for private landowners to produce wood on forest
plantations using the methods tested by Operatiou Double Harvest.

This is not to say that industrial forest plantations would never
be financially fecasible in Haiti,. With the information which |is
currently available and with the sperience gained by ODH, it is
possible to make industrial forestry more feasible than this analysis
shows. In the process of testing suitable practices, some costly
mistakes were made. Correcting these and making other policy changes
will surely have a positive effect on the financial <feasibility of

this type of plantation,.

This type of corrective analysis will not be performed as part of
the project evaluation but could be incorporated into the project
redesign. However, a brief discussion of tae types of possible
corrective actions is given below.

plghan -SSPt

Double Harvest has successfully marketed linmited quantities of

charcoal and poles. These wood products have relatively lorge
markets, These products are used f ‘equently by the general p.blic so
large quantities are sold at relatively uniform prices. However, it

has b:en difficult for ODH to break into the fuelwood market.
Fuelwood 1is generally used by businesses and therefore the number of
individuals involved in the market is much smuller. Many businesses
have regular suppliers. Prices are less standardized. Quantity
measures are less precise. All of these factors have hindered ODH from
selling as much fuelwood as they would have liked. According to
preliminary estimates made by ODH, selling fuclwood from the Madsen
farm would be much more profitable than converting that same wood to
charcoal.

Double Harvest 1is also considering creating new markets. Ron
Smith, a former ODH employee is currently experimenting with the use
of exotic wood for tool and implement handles. He 1s also working on
developing efficient production systems. One other possibility being

considered by ODH is that of turning poles (on a lathe) for furniture
production,
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There are many ways of in~rrasing the productivity of ODH farms.
Some of them have been discussed at length in other sections of this
evaluation. These include using innocula in nursery production and

using properly selected seed. In addition to these we might add
better systems of animal control and of water harvest (individual
water catchments, for exzmple). .

fowever, the most one of the most effective ways of guaranteeing
highe.. productivity on industrial forest plantations is also one of
the easiest: evaluate the site. Nouble Harvest signed leases for land
which is definitely not suited for industrial- forest planrtations.
Proper soil tests would have inidicated that a large percentage of
ODH’s land should never have been planted. The objective of this
component of the project was to se¢2» if trees could be grown under the
difficult conditions found in Haiti, but not under the most difficult
conditions found in Haiti.

Discussions with 1local residents wowld have brought to 1light
disputes over land use. ODH should not sign a lease for any piece of
lan. over which the lessor does not have adequate control.

45


http:sIoIL.ld

-CHAPTER 3

ANALYSIS OF THE AOP SMALL EARMER BBOGRAM
In Chapter 1 we developed the basis for evaluating the
Agroforestry Outreach Project’s small farmer progran. We determined
the net benefits to small farmers who, as project participants, plant
trees in their fields. 1In this section of the paper we will sum these
benefits of all the farmers who have participated in the project to
date and compare thesc benefits to the costs of the project.

Table I-12 summarizes the costs and benefits of the AOP project
to those who plantec AOP trees in the Spring of 1985. In each region
tnd for each year, the total of net benefits is equal to the sum of
tie et benefits cost incurred by each crop asscciation multiplied by
tue rumber of farmrrs having that associaticn. For example, in the
North region in year 4 (1989), 259 farmers who had maize, manioc, and
beans each had net benefits of $19.63 for a total of $5084.17. Fifty-
two farmers who had maize, sorghum and manioc each had net benefits of
$6.53 for a totzl of $339.56. The total net benefits in 1989 for all
2590 farmers who planted in Spring of 1985 is $73466.

These net b nefits for the Spring 1885 season are now taken as
the basis for estimating the net benefits for trees planted in all
other seasons. Table III-]1 summarizes the benefits and costs for the
eight planting seasons from Spring 1982 through Fall 1985. The
benefits and costs for the Spring 1985 season are the totals shown on
Table 1I-12. To determine the benefits and costs for another season,
the Spring 1985 fi;ure was divided by the number of seedlings planted
in Spring 1985 und the result multiplied by the by the number of
se.dlings planted cduring the season in question.

Note that a line for ’'Other’ plantings has been added to Table
III-1 to account for the 'Other’ PADF plantings shown in Table I-1.
The benefits acvruing to these other trees was calculated by
decrm . ning the per tree net benefits for the average PADF seedling in
Spring 1985. This figure was then used to estimate benefits in other
seasons as described above.

In addition to the 'other’ trees listed in Table 1I-1, another
group of trees has been added to the ’other’ line in Table III-1:
those trees planted because of PADF’s institution building effortr.
One often hears or reads that PADF has planted so many trees or that
PADF nurseries have produced so many seedlings. PADF itself reports
the number of trees Proje Pyebwa has planted and many people do not
distinguish betwecen PADF and Proje Pyebwa.

In fact, PADF plants very few trees. The great majority of trees
is planted by the PVO's with whom PADF works. One of PADF's prinme
responsibilities is to aid these PVO's to establish tree planting
programs, train nursery workers and extension agents, subsidize
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Table 111-1. Sumaary of net costs and benefits by regron and by season.

Spring 1982

~

8 9 10 n 12 13 1] 15 16

South -3800 -5084 2914 $19 617 ~-4689 35591 898 % -432% 2126 1248 m -39%0 31090
Southeast -2020 ] -7153 12627 m 9¢0 =7151 16651 1370 1507 6596 21219 1903 - - 202% -€084 26417
North -1023 0 -2043 9514 209 08 -1685 11626 3¢l n ~1238 14058 501 335 -1603 16869
Upper Plateay  -1004 0 -2993 gl 306 363 -2761 10949 59 82 ~2547 13498 135 783 2349 16389
Lower Plateau ~2%76 [} 2347 14916 20 285 -2165 16031 s - 45 -1997 21614 LY/3 614 -1842 257173
Other PADF 0 0 0 0 0 0 1] [\] - [\] u 0 0 0 [\] (] 0
Regioa | -1 0 -3192 41670 326 387 -2948 950 3091 £20 =216 58651 783 836 <2505 65269
Region [} 0 0 0 0 0 0 0 0 0 [ [} 0 0 0 0 [}
Fall 1982

1 2 3 ] S [ 7 8 9 10 " 12 13 1t 15 16
Lasth -9 o -13878 8173 nuye 1683  -12600 97150 51 2097 -11807 116262 R{1LY 3432 -10890 © 139454
Southeast %12 3 -5 35111 2201 2615 -19834 46299 38na 4190 18340 S 5220 S443  -18912 73453
North -4202 0 -10389 48349 1064 1260 -9582 $9106 1835 2019 -gdla e0 2519 m9 -8152 85743
tpper Plateau -1225 0 -3451 10663 n 4143 -3348 13356 643 710 -3i0s 16463 8% 956 -85 19991
Lawer Plateau -623 0 -367 36M 58 69 =523 4157 100 110 -483 5223 139 148 -44s 8228
Other PADS” “23M 0 -5894 21821 602 ns -543¢ 2015 1041 1145 -5014 3230 1415 1543 ~482% 39732
Re3eon 1 -1084 (] -3105 40524 37 m -2064 18] Jnos 603 -2641 57037 762 813 3% 67363
Region [} -2073 0 -1 35210 22 864 -657) 4291 1258 1365 -bi'ol S804 174 1865 -5590 62069
Spring 3983 °

1 ? 3 [] S 1y ? 8 9 10 n 12 13 1" 1S 16
South -5331 0 =15054 86978 1537 1826 -138c6 105307 2659 2926 -J2808 126663 6N 3940 -11813 151279
Southeast -6102 0 -0 18147 239 2841 -216M sn3o4 1184 4552 1992¢ 64101 A48 8131 -19380 79605
¥or th -8 [} -88As AN 903 1073 -8157 50314 1562 179 -1524 60339 2170 2315 =640 73006
Upper Plateau  -3900 ¢ -1neol 34468 1208 1432 -10687 (3178 2085 2294 -10042 53223 2877 309 -9262 64624
Lower Plateau -1139 0 -1039 5593 106 126 -957 1 183 202 -803 9554 255 22 -84 11393
Other PADF -3 1} -7 267 8 9 -n 54 " 13 -6 43 19 20 i - 1 |
Region [ =2707 0 =7754 101219 792 940 =132 120268 7502 1507 -639) 142457 1903 2050 -6083 160247
Reqton 1] -3850 0 -13N 65411 1351 1408 -12207 19027 2338 2572 -11259 90237 3248 p Y] -10303 115306 -
Fall 1983

1 2 3 4 ) [ ) 8 9 10 11 12 13 It 15 .16
South -5959 1] -16829 97231 1218 2041 -15522 11210 2913 21 -14312 141593 4130 2308 -13206 169111
Southeast -8404 0 ~33024 53186 3N 4005 -3n4c0 70925 3813 6418 20095 90379 aIm Bsdd 2594 1251
Nortb -5999 0 -11909 SSIn 1223 1453 -11049 68153 2116 2528 -10191 82408 2940 33s -9400 90889
Upper Plateau ~1992 0 -5935 17334 6Na 120 -547% 21213 1049 1154 =050 2667 1457 1584 -4658 32500
tower Plateas  -3037 0 -2261 17582 282 33 -2552 212% 489 13 -2334 25477 (%] ™ 2N 303e1
Other PAGF -3eib [\] ~-BYig 33300 916 1089 -8279 41142 1585 114 ~782s 30150 2203 2349 =1043 0510
feqlon | N2 0 -(933 116240 N} 1085 -89 138241 8639 1238 LI 164312 2195 2341 -7018 194038
Region 1] ~4309 0 -l 13202 1512 1% -13u0! #9223 26le 2479 =12e00 102¢99 3635 81 ~11022 12903%
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Tadle 111-2, Met presest value acd intermal rate of retura for the PADF cusponeat of Lhe AOP.

PADF PROJECE CosIS

1982 1983 1sB4 1985 U986 (987 1988 1989 1990 1991  i5: 1% 1990 1995 139 1997 1998 1999 - 2000 - . 2001
Season ] 2 3 ‘ 5 ‘ ? 8 ’ 10 u 12 B3 M 15 6 w-.®’ 1 0w
Sering  2164053.38 333585 472294 Sé13J0  8A2Be6 802666
fall 2590692.43  I2USS  4BesBY  Se9uel 1088528 1083528
4754750.81
PADF PROJECT BENEFITS .
1962 1983 194 195 1586 1987 1968 199 6990 1991  19v2 1993 1994 1995 199 1997 199 1999 2000 _ 2001
tlaoting ey of . T
Season beaefits | 2 3 ‘ 5 ‘ ? ' 9 10 i 2 13 " 15 TR A RS .
Soring 1992 126707.72 -842¢ o -2022) 75172 2084 2053 -18451 92848 512 910 -3 113184 4962 5293 -15848 136538 7
Fall 1982 $79046.85 23670 0 -94573 NS %654 a7y -8J231 424387 16705 18581 -804%9 532727 23209 54 -4213 625097
Spring 1983 319384.u0 -21198 Q  -s0744 209522 [Y(1]] 1368 -5¢023 299026 10730 116 -31679 317643 14907 13900  -47667 3840Md
fall 1983 753452.22 -53139 0 -13835) 49331 14123 16781 -127611 410718 20438 26830 -187705 745549 33953 36214 -108567 900804 i
Spring 1984  526067.34 -39874 0 -1D0595  37864) 16581 12929  -98319 468792 18829 20717  -90687 572401 26159 27901 -B3647 691500
Fall 1984 35648980 -43644 0 -116296 402673 1172 14106 -1072¢7 499266 20542 22603  -98940 610210 28540 3001 -91259 737744
Spring 1985 S21/47.61 ~45048 0 -110894 411522 11320 3450 -102283 508319 19588 21553 94305 619410 27218 29027 -8702) 742610
Fall 198y  1U52606.73 -93338 0 -229517 @339 219 27838 -211699 1031046 40542 44608 -195265 1297815 56326  4OUJE -1DDJOE 1518556
Spring 1906 424316.0t -45048 0 -110894 411522 11320 13450 -102285 308319 19588 - 21533  -94345 619610 27215 29027 -BJ021 747610
Fall 1yes 95915.21 -93338 0 229517 833739 29 27838 -21169% 1031046 20542 44608 -195265 1257815 56326 60076 -18010S 1518356
Tolal
NPY  5060933.50 R
Mjusted
NPV 6746973.52
{1} 0.126 -754734 -1033320 -1329345 -1810520 -1536055 475153 845800 1640630 761272 752641 1205786 2104322 1028027 1038049 160ASA7 2624709 1282386 1251220 1999039 2266166
Adjusted R .
160 B.344  -761348 -104447] 1359292 -1798393 -14BS0S4  S46428 972762 1BB6748  B75463 865767 1386654 2419970 1182231 1193779 1845229 3048415 1474748 1438903 2606091
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production of seedlings, and eventually aid these PVO's in finding
alternate funding. There are several PV0's which are now planting
" seedlings and distributing them without direct financial support fron
PADF. Exnctly as was foreseen in the Project Paper. These trees are
due to PADF'’s efforts and are therefore a benefit of AID’s AOP. The
net benefits of these trees should be included in the evaluation of
the AOP., We have included 375,000 in the ’other’ totals for each
season, beginning with the Spring, 1985 season, i

The costs incurred by these now independent PVO’s should also be
included as a cost of the project. The Menonite Central Committee
-budgets $0.1015 per seedling for 1986, 1including costs of their
extension staff. The Methodist Center at Vialet spends approximately
$0.10 per seedling are spent producing and distributing the seedlings.
Included 1in this amount is the cost of training extension agents.
Based  on these two cost estimates, we use a cost of ten cents per
seedling produced. Thus the costs incurred by PADF as shown in TAble
I1I-2 include an additional $37,500 for each season in 1985 and 1986.

Table III-2 shows the calculations for the analysis of the PADF
component of the AOP. The top portion of the table shows the project
expenditures for each of the eight planting seasons through Fall 1985
Plus estimates for the two 1986 seasons. Experditures in 1986 are
assumed to be equal to those in 1985. The net present value of these
expenditures is %4,754,750.81 when discounted at 10%.

The middle portion of the table shows the benefits of the PADF
component of the AOP. Each line in this portion of the table 1lists
the benefits and costs of the seedlings planted in one season. These
nunmbers are the sums of the appropriate lines in Table III-1. Again,
the benefits for the two 1986 planting seasons are assumed toc be
identical to those of the two 1985 seasons. The net present value of
the benefits 1is $6,746,975.43, also discounted at 10%. The ratio of
benefits to costs is then 1.42 to 1. That is, when we use a discount
rate of 10%, society realizes $1.42 worth of benefits for every $1.00
spent by PADF

Note that there are two totals for the NPV. The first 1is the
actual sum of the seasonal NPV’s. The second, which is 15% greater,
is the total we have used. We have increased the total by 15% to
account for the approximately 15% of all prcject trees which are given
by project participants to friends, ncighbors, and relatives. This
can be done because the PADF and CARE benefits calculated above use
base counts which do not include treces given away. Although these
trees are not official trees, they are beneficial to the farmers and
have added to the total cost of the project.

The next portion of the table shows the internal rate of return
of the PADF component. The adjusted IRR, which includes the
additional 15%, is 14.4%.

The CARE portion of the AOP is shown on Table 1II-3. The ratio
of costs to benefits is 1.57 to 1l when a 10% discount rate is used.
The internal rate of return is 19.1%.
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Finally, Table II11-4 shows the benefits and costs of the CARE and ‘'
PADF compenents combined.”  The B/C ratio is 1.54 when discounted - at
10% and the IRR is 15.6%. R T R ' ' ‘ o
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fable 111-1, page 2. Susmary of et costs and benefits by regicn and by season.

Sprang 1984 °

1 2 3 4 H é ? 8 9 10 1 12 13 1" 15 16
South -ny 0 -21821  J2601) nA 264 20122 152754 3854 241 10564 183592 3388 sn2 -2y 912
Southeast -9302 ¢ -35201 38146 Jsdd 4330 -32929 16675 6304 6939 30373 97708 8261 9345  -28018 121643
North -1352 ¢ -1489) £8400 1500 1782 -13551 83585 2595 2855 124y 101068 3408 845 -1SH 121281
Upper Platean  -47¢1 8 -l488 4412 1448 1721 -1%97 $1896 2506 %% -120n 8397 82 e -1 27681
Lower Plateay -400% 0 -3652 23209 m LT} -1169 26052 645 10 =307 33832 896 956 -2866 40104
Other PADF -889 0 -2189 8124 223 266 -2019% 10015 187 426 -1£63 12233 (1Y) 73 -1218 . 14268
flegien § -4582 [ IR B {24 121346 1340 1392 -12108 201639 12709 2551 ~11168 21120 21 3436 -10301 204332
Reguion ] -3525 0 -12117 59886 1237 1470 “11128 72993 2140 2335 -10308 88108 bs22] 372 -9503 105566
fall 1984 .

1 2 3l ] S ] ? 8 9 10 11 12 13 14 15 16
South =489 0 -21093 121870 2153 2558 -19456 187664 3726 4100 -17936 14N s 5521 -1£552 211985 .
Southeast -1125 0 -43212 J03L0 ull SA41 -. 348 92807 7633 8199 36163 116263 10,08 131 =339 147237
North ~7550 0 -15077 70195 1539 187 -13904 85778 2663 2930 12827 18372} 3700 Jus -11E3! 120463
Upper Plateau =313 g -nisd 32¢81 1142 1387 -10316 40910 1976 bV} -9515 30434 215 2928 -8777 61236
Lower Plateaw  -$020 0 Y/ 29063 467 955 -4219 15133 608 889 -3891 2118 122 197 -3589 50219
Other PADF -1y 0 -2600 10190 286 340 -2503 12334 495 s -2562 15644 687 733 -2197 188726
Region | -1130 ¢ -9540 12454 I 1157 -8793 147993 9236 1854 -8116 12528 234 097 =706 206992
Region [1 -25.0 0 -8798 43405 898 1067 -8118 53003 1554 1210 =445 6318 2157 2103 -6704 76435
Spring 1933

1 2 3 4 ) é 7 8 9 10 111 12 13 " 13 16
South -1512 0 -21385 123557 2183 2594 -19723% 149700 e 4154 -1819¢ 129930 5248 5598 -16281 211899
Southeast -B448 0 -3uu 52210 3310 3223 ~29907 69438 727 6302 27563 88739 1798 8487  -254a¢ 118429
North -8547 0 -120¢8 19466 1252 2070 ~1543 97108 Jo1s n -14521 117319 ay 468 -13393 140902
Upper Plateau -£179 0 =124 50297 1758 2089 -15882 63001 Joa2 3348 14053 217467 4227 45 -13518 94363
Lover Platesu ~8640 [} -1872 50020 BO4 953 -7261 60449 1350 1520 ~5L92 72403 1931 2060 =617 B4l
Other PADF -£02 ] -197% 7328 202 p{1) -16822 ns? 349 384 1wt 11634 485 817 -1550 13314
fegion | -4410 Q9 12034 164915 1290 1552 -11653 195992 12252 2456 ~10249 232119 310t B3117) 914 2411
Regica I -33%0 0 -11482 57590 1169 iy -10043 78195 2058 2265 -9913 84230 2060 3050 =914y 101819
Fall 1985

1 2 3 4 3 & 7 8 9 10 11 12 13 1 13 b 1
South -£790 0 -I9125 110784 198 2126 -12486 134201 307 3221 16313 161330 4708 5019  -15047 19284
Southeast -10750 0 -4]258 62198 4212 5004 -3005S 88611 1268 8019 35101 112916 10123 10799  -3237%% 140580
North -9883 0 -5 91910 ms AN -18208 112314 3w 3837 -16795 135806 4815 3167 -1549% 162964
Upper Plateau ~6708 1} -19991 54329 2041 25 -12439 1Ak} 3531 Inas -12u08 90146 4504 5233 -15:08 109454
Louer Plateas  -10571 0 -9631 61202 983 1148 ~Bliude 73986 120} 1872 ~8194 80087 2363 2521 ~7554 105758
Othes PADF -un [/} ~2898 10756 29 352 -2673 13286 512 563 =24L4 16193 m 159 =24 19540
Reqion | ~4e38 0 -13278 123322 1355 1611 -12247 05908 12855 2581 -11292 243952 32%9 3476 ~10420 2udle ~
Regron {1 -353 0 =126 60526 1250 1453 -1129% 13113 2163 2380 ~1ud19 89050 Jous 3208 =310 10069%
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Table 111-3. Met present ulu »wi i-le{ul u’te'?l’all return for the CARE cosponent of the AOP.

CARE PROJECT COSIS

1992

1983

1992 13

e 1 19

1980 1985 198 1982 1%8 1999 1m0 1991 1990 1995 19% 2000 2001
Season | 2 3 . 6 ? s s ® n 12 3 W s s e 1w 19w
Sering  TOAJSL.69 164351 1667 259%08 240801 24001
fall 823239.60 251663 259908 185538 184256 184256
161799149
CARE PROJECT BEMEFITS ) SR
192 1983 190 193 196  19B7 1988 5G9 0% 1991 1992 1993 199 1995 1% 1997 199 1999 2000 200
Planting NPy of bl )
season besefits 1 2 3 [ s ‘ ? ' ’ 10 1 12 BN 15 16 oo oA
Sericq 1982 8019971  ~11M4 0 -39 41620 326 387 295 4954 S6L 620 =216 SesS1 783 @36 205 69269
Fall 1582 1101019 -31S6 0 -10229 7SI34 I0s 1241 -435 91078 1807 1oG8  -6/02 100041 2510 2627 -802) 124N
Sering 1583 283513.90 -6357 0 -2098 166625  2M3 2546 19359 200015 307 4079 1786 23594 SISI  SA94 -16470  2835S3
Fall 1983 323356.69 -3 0 2154 1891 225 2881 -21910 22794 A1% 4617 -20209 272011 S8S0 6218 -16&4D 323097
Spring 1984 361122.42 -8107 0 -2523 231232 2577 3062 2324 206e32 WSS A6 -20476 329209 6195 6e08 -19809 390397
Fal) 1984 262387.% -3690 0 -1838 168009 1872 2224 -16914 200995 3239 3564 -15601 23946  4SO0 4800 14390 283453
Spsing 1985 315906.55 ~7800 0 -2428 222505 2019 2946 -22401 266191 4290 4720 -20662 316850 5960 63S) -19058  37Sesd
fall 1985 33201118 -8198 0 -28520 233848 2606 3096 -2343 29261 4509 491 -21715 333002 6264 668 -20029 394810
Sering 1986 28718.27 -7800 0 -20206 222505 UJ9 2946 -224M1 265191 420 - 4720 -20662 316BSD  S960 6357 -190S8 378440
Fall 1985 301828.34 -8198 0 -25520 233348 2606 309 23543 2/9761 4309  4s6l -21715 333002 624 668l -20029 394810
Total
WY 2688524.12 '
Adjusted
NPY 309180274
IR 0.169 420284 -436SS3 -472864 -368393 -126702 355627 40A039 566057 401279 448236 SOYBA 692640 d95DI  SSO323  £19350 37075 97715 édBool 731383 77047
Adjusted
188 0.191 -420925 -M40451 476977 -3S9B93 8199 4DBIV1  AGAGAS  6SM96E  AGLAT1  SISAT)  SBO732 J9ESAS  S690M1 632871 712253 962635 68370 NNS201 - 8AIO90  BBEOAY
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Table 111-4. net present velue aud intermal rate f 1cturn for fhe (uabined FADE and CRRL cosponents of the AUP.

COMEINED PADF AHD CARE PROJECT COSTS

132 1983 1984 1985 1986 187 1988 3989 19w 1951 1992 1993 1994 199 19% 1997 1998 1999 2000 2001
Season 1 2 3 ‘ s ¢ 7 (] 9 10 1 12 13 " 15 1% 1 18 19 2
Spring 2958605.07 499935 635951 821278 1043467 1043087
fall 3A13932.25 626718 TaeS92  ISSAU1 12/2784 1222784 )
63724230 ‘ )
CONBINED PADF AHD CARE FROJECY BENEFITS o
1982 1983 1984 1985 1986 1987 1988 1989 3990 1991 1992 1993 1994 1995 1% 1997 1998 1999 2000 2001
Planting RPY of e
Season benefits 1 2 3 4 s 3 ? 8 9 10 n 12 13 " 15 16 1 18 19
Spring 1982 206907.43 9538 0 2313 106BA2 2390 2040 21596 142372 4136 4SSO -19919 1721815 S5 6129 -183)3 205807
fall 1982 J20057.04 -38C26 0 100802 418909 3098 12712 -95c66  SISAES 18512 20369  -B918) 626568 25719 27431  -82240 754529
Spring 1983 603097.90 -21758 0 -81232 375156 S3a4 9934 -JSIED 459841 14437 1SGBS  -69535 596337 20058 2130 -64137 667597
Fall 1983  1076808.92 -60570 0 -152165 663312 16548 19662 -14952] 838682 28634 31507 137914 1017560 39783 4232 127207 1223701
Spring 1964 887189.76 -47981 0 -I31638 609875 13458 IS99 -120603 745423 23208 25623 -102163 901660 32384 34509 -103456 1081897 |
Fall 1984 818877.16 ~49534 0 -13630 570684 13744 16330 -12418F 200261 23281 26167 ~114581  B4RS6 313040 3s241  -105649 1021397
Spring 1985 B37654.16 -52048 0 -135180 634027 13799 16396 -124086 7IASI0 23478 26273 -1§5007 936460 33175 3S3B4 -1a6879 1123270
Fall 1965  1384612.91 -101534 0 -255041 1067597 25035 30984 -235242 1310507  AS0SE 49569 -216980 1590817 62590 64757 -200135 19133
Spring 1986 761533.79 -52848 0 -135180 634027 13799 1£3%6 -124686  IJASI0 23804 26223 115007 9354c0 33175 35384 -10s079 1123270
fall 1965  1258743.5% -101536 0 -255081 1087597 26035 30930 -235:42 1310807 45051 49569 -216980 (590317 62590 46757 -200135 1913366
Total

NPY  8555457.62

Adjusted
HPV 9838776.26

m 0.137 -1175018 ~1471873 1802409 -2178921 -1664757 830782 1249919 2206707 1162551 1201077 1710770 2795970 1523428 1548392 2223897 - 3441704 1080079 1899221 2730!22iv3036636

Adjusted

I 0.156 -1182273 -1485)22 -1834269 -2158292 1567003 955399 1437407 2537213 1336934 1381239 1967386 3216516 1751942 1826651 2557482 398185¢ 2162114 2184104 3139985 ‘idézlii
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ERE cuAiS'rEn 4

: ADDITIONAL CONSIDERATIONS

In Chapter 1 we determined the amount of wood which will be
produced on a typical farm in each region. By summing over all farms,
we can determine ‘the amount of wood which will be produced each year.
These amounts are compared to projected consumption needs in Table IV~
1. Trees distributed by the AOP will supply as much as 3.9 percent of
the total wood needs of the country.

When one considers the efforts of other donors as well as those
of AID, it becnmes clear that reforestation can have a significant
impact on the overall supply of wood products. *

- S T R G S S S TS G G RS e G R Gk Gy G W0 e O S S et e ey T A G s TR LD Gt Ges GhD G G e R W W N S

Table IV-1. Comparison of the estimated AOP wood
production and the projected consumption needs of
Haiti. 1982 to 2001.

Percent

Consumption

Production Consunption Satisfied by

Year 1000 m3 1000 m3 Production
1982 0 4203 0.0
19823 0 4308 0.0
1984 0 4415 0.0
1985 417 4526 1.0
1986 86 4639 1.9
1987 97 4755 2.0
1988 148 4874 3.0
1989 195 4995 3.9
1990 86 5120 1.7
1991 97 5248 1.8
1992 148 5380 2.8
1993 195 5514 3.5
1994 86 5652 1.5
1995 97 5793 1.7
1996 148 5938 2.5
1997 195 6086 3.2
1998 86 6239 1.4
1999 97 6395 1.5
2000 148 6554 2.3
2001 148 6718 2.2
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Table III-4 shows the net benefits of the AOP plantations to the
farners of Haiti and the costs of the AOP to USAID and other donors.
The 58,719,780 invested by the United States, Canada, Switzerland,
Texaco, and others will generate a total of $34,418,885 in net
beneftis over the twenty-yeur period considered. That is, each dollar
invested will produce $3.95 of net benefits to Haitian peasant

farmers.

In addition to these net benefits, we can mention that there will
be significant benefits in the form of labor income. A great deal of
labor 1is necessary to harvest trees and transform the raw material
into a usable product. The value of this labor is a cost to the AOP
participant. However, ' the approximately $12,000,000 in labor costs
incurred by the producer are $12,000,000 in labor income. This income
is earned either by the same producer of by other, most likely poorer

peasants.

icological benefits .

There are certain ecological benefits of the project. During the
five year life of the project, aapproximately 26,700,000 trees will
have been planted. See Table I-1. Given an average initial spacing
equivalent to 4.8 square meters per tree, These 26,700,000 trees will
cover the equivalent of 12,800 hectares. This planting is being done
at the rate of 3,300 hectares per year in 1985 and 1986. The benefits
accruable to these trees are many but for the most part immeasurable.

The value of protecting and conserving 12,800 hectares of soil is
very important in a country where livelihocods depend on agriculture.
The value of the increased fertility of even the maintenance of
fertility of land enhanced by trees is evident in a country in which
agricultural yields are estimated to be fallng at the rate of 2% per

Year or more.

In some cases, tree planters may rely on trees as an element of
their risk management strategy. Farmers may wish to accept lower
incomes in exchange for lower risk. They may feel they are better off
planting trees to create a reserve for a bad year, thereby reducing
the chance of having an year in which there is no incone. In this
cases AID might want to consider the reduced likelihood of needing to
bring emergency food aid into a region as a benefit at the project

level.

A second reason for diversifying crop production is to reduce
labor demands during what are currently peak seasons and to provide

opportunities for labor in what are currently slack seasons. Thus,
even though the amount of labor necessary for the farm operations may
not change, the timing changes so that labor is more reasily

available.
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The average Haitian farmer has limited access to captial markets.
He must rely on traditional methods of saving for emergency needs.
The most well known example of traditional savings methods 1is the
keeping of livestock. Trees have many of the same advantages as
livestock and it seems that many farmers consider their trees as a
type of reserve, to be harvested when a need for cash arises.

It may be that a young farmer is cash poor. His social and
economic position may be such that he finds it very difficult to save
money. If he cannot save money he will never be able to build himself
a house, a requisite for marriage. He may opt to plant trees so that,
in several years, he will have the materials he needs to build the
house. He nay do this even if it would hav.: been more profitable for
him +to continue raising food crops. 1In a case like this, we can say
that he 1is willing to pay a certain amount for the opportunity to
save. That is, saving is so desirable to him, he is willing to pay
for the right to be able to do it.

There is only a subtle difference between this idea of saving and
the 1idea of risk management expressed in the preceding section. In
both cases the trees are used as a form of capital accumulation.
However, we distinguish between the idea of establishing a reserve for
emergencies (usually done by older, more responsible people) and
building a nestegg for future investment (usually done by younger

people).

Fruit trees

Both CARE and PADF produce small quantities of fruit trees. CARE
distributed approximately 5,200 fruit trees in the Fall of 1985.
farmers pay for some of these trees. (CARE, 1986) In 1986, more trees
will be produced and the number of grafted trees will increase. These
trees are not included in CARE’s producrtion totals in Table I-1.
PADF produced 35,166 fruit trees in 1985 and plans to produce more and
better quality trees in 1986. These trees currently represent less
than 1% of PADF’s total production.

Rural labor

=T — S =Y

The desizn of the AOP did not specifically foresee the project as
a way of providing rural employment. Nonetheless, CARE, PADF, and the

PVO's financed by PADF employ many reople. The PADF component alone
employs over six hundred extension agents. The vast majority of all
these people live and work in small rural communities. The incomes of

these emplecyees is naturally a stinulant to the local rural economies.

-—— -

One agroforestry systems which holds great promise for Haiti 1is
the leucaena hedgerow,. CARE and PADF have been experimenting with
this technique for some time now. Since the hedgerows are established
by direct seeding, there is no production of seedlings. Thus these
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hedgerows have not been considered in the above analysis because they
are not part of the production totals in Table I-1.

To date, CARE has extablished more than fifty-two kilometers of
leucaena hedgerows in the Northwest. Half of this in the Fall of 1985
season. (CARE, 1986) PADF has established mors that eight

kilometers.

CARE began a "community bases nursery" projéct in late 1985.
Each of twenty nurseies will produce about 5,000 seedlings which will
be bought by CARE for $0.08 each. CARE hopes to trasfer payment to

planters by the third season.

67

”“.21‘7?)6




CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS
The Agroforestry Outreach Project has attempted to encourage tree
planting in Haiti at two different levels. Responsibility for testing
the feasibility of 1industrial forestry plantations was given to
Operation Double Harvest. Responsibility for plantings on small farms
was given to CARE and PADF. .

The AID grant to Double Harvests includes nusery experimentation
and demonstration; select seedraising, grading, and storage; hardwood
forest experimentation and demonstration; and agroforestry research.
Of these four areas of responsibility, only tree farming was
evaluuted, and then only a partial analysis was done. It was found
that the internal rate of return for the Madsen farm was 3.7% After a
brief discussion of the potential production of the other nine ODH

plantations, it was considered that none would have and internal rate
of return as high as the Madsen farm. Such 1low returns are due
primarily to indiscriminate selection of 1land for plantation

establishment. Even a minimum of site evaluation would have indicated
that portions of each farm should not be converted to plantation and
would have eliminated some farms from consideration altogether. It
seems that selection of plantation sites was done at the
administrative level rather than at the technical level. This could be
said of a number of other decisions as well. Selection of technical
personnel, assignmnent of responsibilities, etc.

Industrial scale forestry in Haiti should nott be condenned,

however. Although specific analyses were not perforned, 1 believe
that it 1is financially feasible to establish industrial forest
plantations. These analyses could be performed as part of the

upcoming project design.

It 1is necessary to discuss only briefly the reasons for not
analyzing the other responsibilities given ODH wunder the grant
agreement.

1) Nursery experimentation snd demonstration. ODH has developed an
efficient system of mass production of seedlings that only ODH itself
uses. The seedling container system developed as part of the grant is

used only by ODH.

2) Secelect seedraising, grading, storage, and distribution. It is
admitted by most that the seed currently used in Haiti 1is ‘'genetic
garbage'. This in itself says a lot about ODH’s effort to improve
access to high qualtiy seed. Only recently has ODH completed
instrllation of a seed storage facility.
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3) Research. A good number of eaperlments have been establlshed by ODH*;
personnel. However, very few results are available on wh1ch to base‘l

and evaluation.

Recommendation Based on the above discussion and on an apparent

con.lict of interest which seems to cloud ODH’s decisions,"I recommend
that the ODH grant not be extz2nded or renewad. :

PADF and CARE .

The present analysis has shown that both PADF and CARE have
acceptable internal rates of return even when many nonmonetary
benefits are not included. The economic analysis in the Project Paper
predicted an IRR of 8.6% and 9.1% for CARE and PADF, respectively.
This analysis shows CARE's component to have an IRR of 19.1% and
PADF's component to have an IRR of 14.4%. Both components have done

much better than had been expected.

One could also evaluate the performance of these two
organizations on the basis of the cost per established seedling. The
Project Paper states that CARE was to produce 1,940,000 seedlings.
Considering the 62.5% survival rate predicted in their grant proposal,
CARE would have extablished 1,212,500 trees fcr a total of $3,493,000.
Thus, the unit cost of establishing and maintaining a seedling for one
year was predicted to be $2.88. Similarly, PADF was to have produced
3,080,000 seedlings with a survival rate of 50% and at a cost of
$5,370,000. PADF’s unit cost was therefore predicted to be $3.49 per

established tree.

Table V-1 below shows that both CARE and PADF have establishment
costs significantly below those implied in the Project Paper.

Recommendation Both PADF and CARE have managed their individual
components is a manner as to have higher than expected internal rates
of return and lower thaa expected costs per seedling produced and cost
per tree established. Considering the value of this project to Haiti,
I recommend that this project to extended with significant additional
funds. I further recommend that because this project has proven
itself to be efficient and well managed, it be given priority
consideration over new, as yet untested projects whose goals are the

sanme.

Other Recommendations

Recommendation Planning for Phase II of the AOP should take advantage
of the economic model prepared for this analysis. Many people
involved in this project are discussing certain technical question
such as improving survival rates or introducing betiter genetic
material. Some have already proposed new nursery techniques which
should be considered mandatory in Phase II of the AOP. One should not
make such technical decisions without considering their costs or the
relative impact they will have on the benefits of the project. To
discuss whether current survival rates are 'good' is meaningless |if
one does not simultaneously consider the cost of increasing those
rates and the increased benefits derived from increased survival.
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Recommendation Increased emphasis should be placed on non cash
benefits of tree farming. Both CARE and PADF have begun working with
erosion control techniques and fruit trees. Additional effort can be
devoted to these aspects of the AOP without reducing the overall IRR
of the project. Simultaneously, additioaal attention should be given
to quantifying these non cash bencfits so as to have a better idea of

the impact a program can have.

Table V-1. Predicted and actual unit dosts of
seedlings produced and of surv1v1xg trees, for
CARE and PADF. SRR LA

T G G T S T T S S - G 0t e S —— S ——— — — S D = — . S W Sy . G G W T VI Wb = — =

CARE PADF

~ Seedlings to be produced 1940000 3080000
Total cost, in dollars $3493000 $5370000
Cost per seedling produced $1.80 $1.74
Survival rate, in percernt 62.5 50
Surviving trees 1212500 1540000
Cost per surviving tree $2.88 $3.49

CARE PADF
seedlings produced 4554472 16343017
Total cost, in dollars $1711082 $4625250
‘Cost pef seedling produced $0.38 $0.30
>Sqr§iva1 rate, in percent 60 40
Surviving trees 2732683 6137207
iCbSt per surviving tree $0.é3 $0.75

- D S S D D D - - A Y S Geh BED GD WS W W G e D G W T D G D - G D (s S = =3 G Gt Sub G ST ) S W - - =

Source: Project Paper
Tables I-1 and I1I-3 and 1II-d
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