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ABSTRACT



An econom ¢ anal ysis was conducted of the M ssade |ntegrated

WAt er shed Managenent Project in Haiti. This project, inplenmented
by the Save the Children Federation, differs from conventi onal

wat er shed managenent projects by investing heavily in the

devel opnent of peasant organizations in order to gain voluntary
and sustai ned adoption of soil conservation, forestry and

communi ty devel opnent innovations. Conventional projects have
relied on nonetary and comodity incentives in order to encourage
techni que adoption, and are widely viewed to have failed to

achi eve sustai ned wat ershed nanagenent.

The goal of the economc analysis was to determine if a project
representative of the new, participatory approach was

econom cally efficient fromdonor and peasant perspectives. The
aggregate project has a NPV of $336,600 at a 12% di scount rate, a
benefit-cost ratio of 1.5 and an econonic rate of return of 19%
Anal yzed separately, the hillside soil conservation conponent is
econom cally efficient at the project |level while the other
conmponents (forestry, ravine treatnment and group investnent) are
not. Project value is nost sensitive to changes in project
outlay inputs and hillside treatnment benefits. Both the
aggregate project and all separate project conponents are
econom cally efficient fromthe perspective of project
participants, and all but the group investnment conponent have
internal rates of return exceeding 200% Benefit-cost ratios
vary from2.5 to 30 for participation in the different project
conponents. Investrment in hillside soil conservation treatnent
yi el ded what was by far the greatest return. This analysis
denonstrates that watershed managenent projects in Haiti which
utilize peasant organi zati on approaches can be economcally
efficient.
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I NTRCDUCTI ON: PURPOSE AND METHOD OF THE ANALYSI S

Pur pose of the Analysis

An earlier version of this analysis was conducted in March 1989
and included in a watershed managenent plan prepared by Save the
Children Federation (SCF) for the Mii ssade area. The purpose of



that anal ysis was to determ ne the economc efficiency of the

Mai ssade | ntegrated Watershed Managenent Project, and estinmate
its economic inpact in the Maissade area. It was conducted from
the international donor's perspective to permit conparison with

t he econonic performance of other simlar rural devel oprment
projects. The purpose of this new version of the analysis is: i)
to update the original with recent field data; ii) to analyze the
econom ¢ efficiency of separate project conponents; iii) and to
exam ne the project's economc attractiveness fromthe peasant
partici pant perspective. Accordingly, the follow ng assessnent
guestions will be answered in the anal ysis:

* |s the project econonmically efficient at the aggregate |evel ?
* Are each of the (quantified) project conponents econom cally
efficient?

* |s the aggregate project economcally attractive to

partici pating peasants?

* Are each of the (quantified) project conmponents econom cally
attractive to participating peasants?

Basi ¢ Assunptions and the Method of Analysis

The anal ysis was conducted (and this paper is organi zed) as per

t he econoni c assessnent process proposed by G egersen and
Contreras (FAO 1979): consideration of overall project inputs and
outputs (Section 3); identification of the physical flows of
nmeasur abl e i nputs and outputs (Section 4); determ nation of input
and out put values (Section 5); conparing costs with benefits and
sensitivity analysis (Section 6); and formul ati on of concl usions
(Section 7). A brief description of the context and history of

t he Mai ssade project has been included (Section 2).

The Mai ssade project was originally funded for a three-year
period, 1986 to 1989. Because of |ow expenditures, a no-cost
extension was granted to July 1991. Though SCF-supported

devel opnent activities have conti nued beyond July 1991, for the
pur poses of this analysis, we assunmed that external financing
woul d cease on that date. Despite the term nation of external
assi stance, significant costs and benefits are projected to
continue, and to diffuse to areas outside of those addressed by
the project, beyond the period of direct project intervention
For this reason the project is treated as a "tine-slice" of the
| ocal devel opnent which it facilitated. These two project phases
("during"” and "after"” project intervention) are conbi ned and
apprai sed as one project in this analysis.

Econonmic rate of return (ERR) and project net present val ue (NPV)
nmeasures serve as indicators of economc efficiency. Sensitivity
and risk analysis are calculated [note 1] for the separate

proj ect conponents and the aggregate project. The basic farm
conditions for each participating farmer are assuned to be
identical, and the technical treatnents are therefore expressed
on a per hectare, rather than an individual farm basis.



In order to remain consistent with the anal ysis standards of the
organi zation funding the project, the United States Agency for

I nternational Devel opnent (USAID), a 12%real discount rate was
used. All costs and benefits are in real terns and it was
assuned that there would be no relative price variations, for
either costs or benefits, during the period of analysis. Due to
the small scale of the project, it was also assuned that the
project itself would result in no secondary benefits or costs,
and have no effect on price levels. Simlarly, it was assuned
that there would be no economc cost to the donestic econony.
Except in the case of the unskilled | abor vol unteered by
participating farmers, nmarket prices are assunmed to provide an
appropriate neasure of econom c value. Voluntary |abor was
shadow priced at the average value (across all seasons) of

f or egone earni ngs.

The results of this analysis should not be viewed as a precise

i ndi cator of total project value as only feasibly quantifiable
costs and benefits (principally those associated with
agricultural production) are factored into the cal cul ations.
Significant external benefits such as peasant organization and
overal |l environnental rehabilitation are not considered as their
determ nati on requires substantial supposition. It is possible
that the value of these external benefits exceed those that are
quantifi ed.

CONTEXT AND HI STORY OF THE MAI SSADE PROIECT

Approaches to Wat ershed Managenent in Haiti

Rural Haiti has w tnessed nunerous rural devel oprent,
reforestation, soil conservation, and agriculture devel opnent
projects. The nmajority have, by nost accounts, produced

di sappointing results. Watershed managenent projects (including
reforestation and soil conservation projects) in Haiti have
predom nantly utilized the "equipenent du territoire” approach to
environnental rehabilitation. This approach has been
characterized by | arge-scale prescriptions for |land and ravine
treatment, nechani cal rather than biol ogic structures, and
nmonetary and conmodity incentives to attract peasant
participation (Lilin and Koohaf kan 1987). Highly degraded and
steep | ands have often been primary targets for intervention

The use of this approach for the treatnment of privately held

| ands, which constitute the vast majority of upland watershed

| ands, has been criticized by many devel opment professionals for
its disregard of indigenous conservation practices, social
institutions, and | and tenure conplexities; for creating
dependenci es; and for failing to result in the sustai ned adoption
and mai nt enance of the techniques pronoted (Murray 1979 and Lilin
1986) .



An "agricultural parcel” approach to watershed nanagenent, which
exploits internal peasant notivations to increase agricultura
yi el ds, was devel oped during the md-1980's to conpl enent and
serve as an alternative to the "equi pement du territoire"
approach (Snoli kowski 1989). Projects which use the
"agricultural parcel" approach generally enploy classic

agricul tural devel opnent strategies: training and hiring field
ext ensi on agents; integrating basic agricultural goals into
extension prograns oriented primarily towards resource
conservation; and conducting basic agricultural research. Such
projects also tend to include or be associated with programs in
communi ty devel opnent or public health and have often carried the
title of "integrated" watershed nanagenent projects.

The Mai ssade | ntegrated Watershed Managenent Proj ect

Project History

The Mai ssade Project, designed in 1985, was one of USAID/ Haiti's
pilot efforts in integrated watershed managenent and one of the
first such projects in the country. Searching for new nodels for
wat er shed managenent, project planners conbi ned two enbryonic yet
prom sing extension strategies: i) the formati on of "groupenent™
[note 2] for peasant nobilization; ii) econom c benefit oriented
tree planting (enbodied in USAID s Agroforestry Qutreach
Project). The "groupenent” were to formthe basic unit through
whi ch the project functioned, and were to be pronpoted not as ends
in thensel ves, but rather as the organizati onal nmeans by which
soci al, econom c, and ecol ogi cal problens woul d be addressed (SCF
1985).

SCF was awarded a cooperative agreenent with USAI D and began
field activities in January, 1986. First year activities

consi sted of identifying and training |ocal staff and organizing
"groupenent”. Public neetings were held on a regional basis in
1987 in which the participants identified | ocal environnenta
probl ens and proposed strategies for their resolution

Responding to | ocal requests, the project initiated technica

assi stance prograns in hillside treatnment (including agriculture,
agroforestry, and soil conservation practices); ravine treatnent
(soil conservation techniques); forestry; animl husbandry; and
smal | -scal e infrastructure devel oprent .

Key Project Thenes

Long-term comri tment. SCF began investing private funds in | oca
communi ty devel opnent efforts simultaneous to the initiation of
t he USAI D sponsored watershed project. Despite the relatively

| ow total amount of private funds avail able, confidence in their
long-termavailability has permtted SCF to nake a |l ong-term
commitment to the project. This has allowed for the utilization
of methods and the initiation of project activities which would
not have been possible had only the short-term fundi ng provided



by USAID (though considerably larger in total anount) been

avail able. SCF plans to build | ocal capabilities to manage
future devel opnent and to gradually transfer the managenent of
exi sting devel opnent activities to local institutions (SCF 1989).

Low |l evel of investnment in materials. |In order to encourage a
sense of responsibility for their own devel opnent on the part of
| ocal peasants, SCF operates in such a way that they will not be
perceived as the provider of subsidies, material goods, or
answers to | ocal devel opnent problens. Rather, SCF seeks to

mai ntain the role of educator, catalyst, and |iaison between
peasant groups and external agents. Accordingly, SCF has not

i nvested in project-maintained infrastructure such as centralized
tree nurseries, grain storage facilities, and credit prograns.
Simlarly, SCF has acquired few vehicles, constructed few project
buil dings, and utilized expatriate assistance judiciously. A
direct result of this approach has been | ow rates of

expendi tures, and the consequent no cost three year extension
made possible for the project (Gaddis and Srmucker 1988).

Utilization of participatory devel opnent approaches. Peasants,
as "groupenment” representatives, play a key role in project
deci si on functions: program pl anni ng, execution, and eval uation
Participation by peasants is voluntary; SCF provides no externa
incentives for their investnent of tinme and materials. Peasants
regul arly volunteer as |ocal extension agents in agroforestry,
soi |l conservation, animal husbandry, and nursery managenent.
Peasants al so participate by conducting on-farmtrials.

Proj ect Conponents

Farmmer organi zation and training is the foundation for al

project activities and is both an end in itself (form ng the
basis for sustained |ocally-driven devel opnment) and the nmeans to
achi eve environnental rehabilitation goals. For this reason
farmer organi zation and training activities are not treated as a
separate conponent in this analysis. The costs and benefits of
these activities have been separated into those that support
techni cal program objectives and those that support peasant
organi zati on objectives. As a percentage of group investnent,
capital is the only quantifiable benefit fromthe peasant

organi zation activity. This conmponent has been renanmed "G oup
Investments” in this analysis. The "technical" project
conmponents include: hillside treatnment, ravine treatnent,
forestry, animal husbandry, and small-scale infrastructure

devel opnent. The benefits of the ani mal husbandry and
smal | -scal e i nfrastructure conponents have not been identified
and quantified and thus these conponents are not included in
this econom c analysis (Figure 1).

Figure 1. Project Structure: Conponents Included in this Analysis
Support Activities (Joi nt Costs) Conponent s

hill side treatnent



| ocal peasant
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PROJECT COSTS AND BENEFI TS

Cost s

The econonic costs associated with the Project include those

i ncurred by the executing agency as well as those incurred by

| ocal participants. Major direct costs are: external financing
for project operation; voluntary | ocal manpower for participation
intraining activities, and the establishnent of technica
treatnments; and the opportunity cost of the land area invested in
technical interventions. This opportunity cost is assuned to be
zero because of the relatively small anobunt of |and occupied and
its relatively |low value. Each of the other costs have been
quantified and included in the analysis. No significant indirect
costs associated with the Project were identified.

Benefits: Direct and |ndirect

Benefits of the Project Resulting from Technical Treatnents

Wthin the overall goals of environmental rehabilitation and
conmuni ty devel opnent, the principal project objective is the
attai nment of sustainable increases in agricultural yields

t hrough soil conservation. On-site effects of the technica

i nterventions include increased agricultural productivity,

i ncreased use of noisture demandi ng crops, and decreased property
damage. O f-site external effects include reduced channel and
reservoir sedinmentati on downstream and reduced deposition of
sedi ment on agricultural lands. For exanple, a 1990 SCF study
found that 335 checkdans (33% of the checkdans constructed that
year) held 1173 cubic nmeters of sedi nent (SCF 1990).

| mprovenents in streanflow pattern and quantity, and in water
quality, may be consequent external benefits. Due to the |lack of
enpirical data relating watershed treatnments to specific
hydr ol ogi cal responses, the value of these potential benefits
have not been quantifi ed.

Wth increases in agricultural production, other secondary
benefits such as enpl oynent generation and popul ation
stabilization are expected to occur. However, the value of these
secondary benefits have not been included in this analysis.



Benefits of the Project Resulting from Peasant O gani zation

The Mai ssade Project utilizes a nethodol ogy enphasi zi ng peasant
organi zati on and nobilization to achieve specified environnmenta
rehabilitation goals. This nethod produces social benefits in
addition to and distinct fromthose occurring directly due to
technical interventions. Such benefits include an organized and
nmobi | i zed popul ati on which can function to resolve | ocal problens
whet her agricultural or social in nature. For exanple, as of
August 1988, there were 154 pre-cooperative farner groups
("groupenment”) in Mii ssade engaged in various activities such as
organi zing |l ocal elenentary schools, devel opi ng potabl e water
sources, providing free agricultural counsel, and devel opi ng

| ocal public health commttees. Though significant, the value of
these types of activities cannot be quantified with precision and
have not been included in this analysis.

Col l ective economic investnments are a major activity of all

farmer groups. These include grain storage and nmarketi ng,
livestock rearing, and farmng. A "lunpiness"” [note 3] exists in
i nvest ment opportunities. Because of cash scarcity, collective
investnment is often necessary. Peer pressure anong group mnenbers
to contribute funds and effort to collective activities al so

exi sts. Group nenbers state that these funds woul d probably not
have been invested productively if each nmenber had acted

i ndividually. Largely because of investnment opportunity

"l unpi ness", group investnents have regularly proven to be nore
productive than the sum of individual investnents of the sane
amount. Though it is not possible for other benefits accrued due
to peasant organi zation, project records of group investnents by
group by year permt the quantification of this activity.

O her Project Benefits

There are a nunber of other project benefits whose val ue cannot
be readily quantified, and have not been for this analysis. In
keeping with the project's "pilot" role, conservation oriented
techni ques and inplenmentation strategies are regularly tested and
eval uated. Donor organi zations along w th other devel opnent
workers in Haiti benefit fromthe | essons |earned in Missade.
The Project also directly benefits the Maissade area by providing
enpl oyment and on-the-job training to approximately 40 | oca

i nhabitants. This enploynment increases the possibility of future
and enhanced enpl oyment opportunities for the participants, and

| ocal merchants clearly benefit fromboth official and unoffi cial
expenditures in the local area. This "multiplier effect” results
in the support of a substantial, albeit unknown, nunber of |oca
fam|lies.

Table 1. Physical Inputs and Qutputs: Participant Perspective

ltem Units Year
1 2 3 4



| nput s

G oup | nvest nent p-d/yr 279
Hi 1l side Treat nment
Trai ni ng p-d/yr 0
Construction p-d/yr 0
Mai nt enance p-d/yr 0
Ravi ne Tr eat nent
Trai ni ng p-d/yr 0
Construction p-d/yr 0
Mai nt enance p-d/yr 0
Forestry
Trai ni ng p-d/yr 0
Tree Pl anting p-d/yr 0
CQut put s
H |l side Treatnment halyr 0
I ncreased Corn Prod.
kg 0
I ncreased Sorghum Prod.
kg 0
Ravi ne Treat ment #1yr 0
New Productive Area
ha 0
Ri ce Produced kg 0
Forestry
Trees Pl anted #1yr 0
Pol es Produced #1yr 0
[tem Units
5
| nput s
G oup | nvest nent p-d/yr 1231
Hi 1l side Treat nment
Trai ni ng p-d/yr 1591
Construction p-d/yr 2477.
Mai nt enance p-d/yr 1910.
Ravi ne Treat nent
Trai ni ng p-d/yr 954.
Construction p-d/yr 406
Mai nt enance p-d/yr 330.
Forestry
Trai ni ng p-d/yr 636.
Tree Pl anting p-d/yr 1235
CQut put s

H |l side Treatnment halyr 198.

I ncreased Corn Prod.

kg 129252
I ncreased Sor ghum Prod.
kg 209619

Ravi ne Treat ment #1yr 1015
New Productive Area

ha 2.

Ri ce Produced kg 2201
Forestry

3

~N o1 ol

558.
1591.
263.
87.

954.

100
30

636.

1040

21.

5501

8921
250

0.

200

80000
0

6

1293.
1591.
3200.
2966.

954.

600

510.

636.

1300

256

206331

334625
1500

3.

3401

O 0 Ol

~N O ol

1117.

1591.
1098.
449,

954.
274.
112.

636.

1560

87.

28856

46799
686

0.

749

120000
0

Year

1358.

312.
3069.

100

540.

130

25

228981

371358
250

3.

3601

oo U1

1173. 1
1591.
1950.
1093.

954.
320

208.

636.
1950
156
71834

116500
800

1
1389

150000
0

1425. 9

312.5
3173.0

100
570.1

130

25

251872

408483
250

3.8
3801



Trees Pl ant ed
Pol es Produced

ltem

| nput s

G oup | nvest nent

Hi |l si de Treatnent
Trai ni ng
Construction
Mai nt enance

Ravi ne Tr eat nent
Trai ni ng
Construction
Mai nt enance

Forestry
Trai ni ng
Tree Pl anting

CQut put s
Hi |l si de Treat nent

95000
0

#1yr
#1yr

Units
9

p-d/yr 1497

p-d/yr 0
p-d/yr
p-d/yr 3276
0
100

p-d/yr
p-d/yr
p-d/yr

0
130

p-d/yr
p-d/yr

ha/ yr 25

I ncreased Corn Prod.

kg 273771

I ncreased Sorghum Prod.

Ravi ne Tr eat nent

443998
250

kg
#1yr

New Productive Area

Ri ce Produced
Forestry

Trees Pl ant ed

Pol es Produced

ltem

| nput s
G oup | nvest nent
Hi |l si de Treatnent
Trai ni ng
Construction
Mai nt enance
Ravi ne Tr eat nent
Trai ni ng
Construction
Mai nt enance
Forestry
Trai ni ng
Tree Pl anting

CQut put s

ha

kg 4001

10000
37500

#1yr
#1yr

Units

p-d/yr

p-d/yr
p-d/yr
p-d/yr

p-d/yr
p-d/yr
p-d/yr

p-d/yr
p-d/yr

312.

600.

4.

Hi |l si de Treat nent

I ncreased Corn Prod.

I ncreased Sorghum Prod.
Ravi ne Tr eat nent

New Productive Area

ha/ yr
kg

kg
#1yr
ha

100000
0

10

.2 1572

5
.1 3379

100

130

25

293763

476421

250

4201

10000
23750

15-1
2108
0
312
3998

0
100

810.

0
130

25
389026
630918

250
5

312.

1 630.

4.

10000 10000
20000 30000
Year
11 12-14
.0 1650.6 1821
0 0
5 312.5 312.
.2 3482.3 3688.
0 0
100 100
1 660. 1 720.
0 0
130 130
25 25
310562 344348
503665 558459
250 250
2 4.4 4.
4401 4801
10000 10000
35000 17708
Year
7 18- 20
.3 2440. 6
0
.5 312.5
.0 4307. 3
0
100
1 900.1
0
130
25
429645
696793
250
.4 6.0



Ri ce Produced kg 5401 6001

Forestry
Trees Pl anted #1yr 10000 10000
Pol es Produced #1yr 19167 15583
Not es:

1. The shadow price of labor is based on a 5 hour work day.
2. For periods of conbined years, average annual values are
di spl ayed.

PHYSI CAL FLOAS OF | NPUTS AND QUTPUTS

G oup I nvestnents

Proj ect experience indicates that approxi mately 25% of group
nmeeting tine is spent on managi ng econonic activities. The
remaining tinme is focused on other concerns which have not been
quantified for either this or the other project conponents.
Aggregat e peasant input for this conmponent is thus a product of
the total nunmber of groups and the total nunmber of neetings held
each year. This information was cal cul ated by the project (see
Annex 1) for the year 1988 and total ed 1117 person-days/year

The aut hors assune that inputs for the years precedi ng and
following 1988 are proportional to the 1988 cost based on the
nunber of farmer groups existing in each of those years. Based
on trends observed subsequent to 1988, it is estimated
(conservatively) that there will be a 5% annual growh rate in

t he nunber of farmer groups after project termnation, and it is
assuned that the nunber of neetings per year is directly
proportional to the number of groups. Goup investnent conmponent
out puts, which constitute a fixed percentage of total investnent
capital, is presented in the value flow table (Table 4). 1In the
wi t hout project scenario it is assunmed that the tinme allocated to
t he managenent of these activities would not have been nore
productive than ordinary individual activities.

Hi |l si de Treat nent

| nput s

Inputs in the hillside treatnment conponent of the project which
could be quantified and were contributed by project participants
i nclude: participation in technical training activities, and the
establ i shment and nai ntenance of soil conservation neasures.
These inputs are neasured in person-days per year. Data and
consequent projections are derived fromproject reports and are
presented in Table 1.



Participation in technical training includes farmer participation
in field sem nars, the work of vol unteer extension agents, and
participation in formal training events. Project records
indicate that in 1988 peasant participation in technical training
activities sutmed to a total of 3183 person-days (see Annex 1 for
calcul ations). Records also indicate that approximtely 50% of
this participation focused on hillside treatnment activities (1592
per son-days), 30% on ravine treatnment, and 20% on forestry
activities. Project training efforts remai ned approxi mately
constant from 1987 until 1990. It is assuned that this effort
will remain at the sane level in 1991. No technical training
activities and no hillside treatnments were conducted in 1986.
Hllside treatnments ("i.e.", hedgerows planted on the contour
trash barriers, and rock walls) were established and mai nt ai ned
[note 4] by approximately 750 farners between 1987 and 1990.
Project tine studies indicate the anmount of time required to
construct and maintain (on an annual basis) each |inear neter of
structure. This data was used to calculate the actual input (in
person-days) for the hillside treatnments (see Annex 1 for

cal cul ations).

CQut put s

The average inter-structure spacing was used together with the
actual amounts of contour structures established each year to
calculate a total hectare nmeasure of hillside treated (Annex 1).
The aut hors assunmed that 25 hectares of |and would be treated
annual |y via spontaneous peasant initiative follow ng project
termnation. A corn/sorghuminter-cropping systemis the

dom nant croppi ng system on | ands where soil conservation
treatnments are being constructed. Project records indicate that
corn and sorghum production on non-treated plots averages 1185
and 1510 kg/ ha respectively. An agricultural yield study
conducted by the Project in 1988, a year of poorly tined
rainfall, indicated that |ands treated with trash barriers
produced an average of 51% nore corn and 28% nore sorghum t han
non-treated plots. The difference between the nmeans was
significant at the 95% 1 evel

A simlar yield study in 1989, a nore normal year, indicated that
treated plots produced an average of 22% nore corn and 32% nore
sorghum than non-treated plots (SCF 1990). For the purposes of
this analysis the |lower of the percent yield increase figures for
each crop ("i.e.", 22%for corn, 28%for sorghum were used to
predict first year yield increases follow ng the construction of
hedgerows and trash barriers. It was assunmed that yields would
continue to increase 5% per year fromthe second to the fifth
years following treatnent due to inproved noisture regine as the
terrace forned by sedi nent deposited upslope of the hedgerow and
trash barrier gradually stabilizes. It was also assuned that

yi el ds would increase a further 2% per year fromthe second
through the tenth years following treatnment as organic matter and
nutrient cycling reach new (higher) equilibriumlevels. These

i ncreases conpare with a no treatnment scenario ("i.e.", wthout
the project) for which it was assunmed that agricultural yields



woul d decrease 1% per year due to soil erosion

Ravi ne Tr eat nent

| nput s

Ravi ne treatnent inputs include the person-days invested in
technical training and in establishing and maintaining gully
plugs (see Table 1). Participation in technical training
(including time spent as vol unteer extension agents, and
participating in field sem nars and formal training events) was
estimated to be 955 person-days in 1988. The effort invested in
project training remained relatively constant from 1987 t hrough
1990, and is expected to remain at the sane level in 1991. No
technical training activities were conducted and no ravine
treatments were inplenented in 1986. Ravine treatnents began in
1987, totaling 250, and increased each year to a total of 1,015
in 1990. The authors estimate that 1500 structures will be built
in 1991 and that 250 structures will be constructed each year
followi ng project termnation. Project tinme studies show an
average construction tinme of 0.4 person-days per structure.

Mai nt enance was estimated to require 30% of construction effort
(i.e., 0.12 person-days).

CQut put s

Ravi ne treatnments result in the slow ng of sedinent-I|aden
overland flow, |eading to sedinent deposition and the consequent
creation of enriched mcrosites upslope of each gully plug.
During the dry season farmers regularly plant nore noisture
demandi ng crops in these areas, such as rice, bananas, taro, and
mar ket vegetables. The difficulty in quantifying yields with and
wi t hout treatnent, and of establishing the econom c val ue of crop
diversification, led the authors to enploy the sinplifying
assunption that 50% of all structures resulted in new 16 n2 of
rice production areas. SCF surveys indicate that average rice
yield in ravines in the Miissade area is 0.1 kg/nR2. The authors
assuned that in a without project scenario, cropping patterns and
yi el ds woul d remai n const ant.

Not included as a benefit fromthe ravine treatnent, due to the
| ack of data necessary to quantify it, is the avoidance of the
further |loss of productive |and caused by continued gully
downcutting and headcutting which would occur w thout the

treat nent.

Forestry

| nput s



Inputs for the forestry conponent include the tinme invested (in
person-days) in technical training and in tree planting (see
Table 1). Participation in technical training (including tine
spent as vol unteer extension agents, and participating in field
sem nars and formal training events) was estimted to be 382
person-days in 1988. The effort invested in project training
remai ned rel atively constant from 1987 t hrough 1990. It is
assunmed that this effort will remain at the sane |level in 1991
No technical training activities and no forestry activities were
conducted in 1986.

Tree planting inputs are a function of the nunber of trees

pl anted each year and the effort expended per tree. The nunber
of trees planted from 1986 to 1990 are known from proj ect
records, as is the fact that the average anmount of time required
to plant an single tree is 4 mnutes. The Project plans to plant
a total of 100,000 trees in 1991. Due to significant effort at
training farmers in |low input tree propagation, the accessibility
of seed, and a growi ng denmand for tree seedlings and wood
products, the authors estinmate that approximtely 10,000 trees
will be planted per year follow ng project termnation. No

mai nt enance or harvest inputs are assuned because of their | ow
relative cost.

CQut put s

The primary econonic output of the forestry component is
construction poles. The authors estimate that 25% of trees
planted will survive until the fifth year after planting [note
5], all trees surviving after the fifth year will be harvested
for posts, 50% of trees harvested will coppice, and each tree
that has coppiced will be harvested for posts 4 years follow ng
the initial harvest. It is assumed that 40% of those trees wll
coppi ce again, and again be harvested after a further 4 years.

It is further assuned that 30% of those trees will coppice and be
harvested for a final time after an additional 4 years.

VALUE FLONS OF | NPUTS AND QUTPUTS

Proj ect Agency Qutl ays

The Mai ssade Project was initially financed by USAID with a tota
of $900,000 for three years (August 1, 1985 to July 31, 1988).
Based on the md-termevaluation teanml s recomnmendation, the
project received a no-cost extension of one year to July 31

1989. M d-way through fiscal year 1989, it was realized that
substantial funds remmined, potentially permtting another
no-cost extension to July 1990. An additional $200,000 in |oca
funds (PL480) was nmade available to SCF by USAID in February 1989
raising the total external financing cost to $1,100,000. |In 1990



SCF pl anned to continue project operations at |ower annual budget
| evel s, thus permtting project extension for a sixth year, to
July 1991 (see Table 2).

Table 2. Project Qutlays ($1000/year)

Conponent Year

1986 1987 1988 1989 1990 1991
Total Project Expenditure

90 140 200 250 220 200
Infrastructure

7.2 19.8 17.8 32.2 31.5 31.0
Ani mal Husbandry

7.2 6.3 17.8 18.7 18.0 17.5
H || si de Treat nment

23. 4 38.0 60. 6 94.3 71.8 63. 8
Ravi ne Treat ment

7.2 6.3 30.3 36.6 40. 4 35.9
Forestry 16.2 44.3 56. 2 47. 2 40. 3 35.8
G oup | nvest ment

28.8 25.3 17.3 21.0 18.0 16.0

Note: Al conponents include 15% overhead, 20% | oca
adm ni stration, and peasant organi zation and training costs.

Proj ect expenditures on farmer organization and training
activities have been separated into the anpunts supporting each
proj ect conponent. Experience indicates that about 60% of al
expendi tures for organization and training support technica
activities (20%for hillside treatnment, 10% each for ravine
treatment, forestry, infrastructure, and ani mal husbandry), while
40% supports organi zati onal goals (represented by the group

i nvest ment conponent). Since infrastructure devel opnent and

ani mal husbandry do not directly contribute to the benefits
included in this analysis, the direct costs of those conponents,
as well as the associated overhead (15% and |ocal adm nistration
(209% costs, have been subtracted fromthe total annual project
expenditures. What remains are the net expenditures on the
wat er shed managenent portion of the project. Project budgets
were used to di saggregate net watershed managenent expenditures
(comprised of salaries and materials) into separate conponents
(hillside treatnent, ravine treatnent, forestry, and group

i nvestrments). No outputs (benefits) are returned to the project.

Costs and Benefits for Project Participants

G oup I nvestnents

Costs of the group investnent conmponent (see Table 3) is derived
fromthe nunber of person-days invested (from Table 1) and the
opportunity cost of that l[abor (from Table 3). Benefits of the
conponent are represented by a percentage of the group investnent



profits. Project records indicate that total group capita
equal ed $2, 600 in 1987, $6,400 in 1988, and $10,542 in 1989 (SCF
1988 and SCF 1990). The authors estimate that group capital will
grow 30% per year during the period of project intervention, and
10% per year thereafter. Goup investnents are assuned to be 10%
nore productive than the average investnents made by i ndivi dual
farnmers due to the |lunpiness in investnent opportunities. 1In
essence, it is assunmed that w thout the project investnents nmade
by i ndivi dual group nenmbers woul d have produced 10% | ess capital

Tabl e 3. Economc Prices

[tem Price
| nputs:
Unski | I ed | abor $0. 60/ day
Cut put s:
Corn $0. 22/ kg
Sor ghum $0. 26/ kg
Ri ce $0. 88/ kg
Wood Pol es $0. 40/ pol e

Hillside Treatnents

The aggregate cost of the hillside treatnent activities is the
sum of costs of participation in training events, and the
establ i shment and nai ntenance of soil conservation neasures.
Val ues presented in Table 4 are a product of econom c prices
presented in Table 3 and the physical inputs of Table 1
Aggregate benefits equal the financial value of increased
agricultural yields and are cal cul ated using output prices
presented in Table 3.

Table 4. Value Flow Participant Perspective

ltem Year
1 2 3 4 5
Cost s
G oup Investnent 167.6 335.2 670. 3 703. 8 739.0
Hi |l si de Treatnent
Trai ni ng 0 954. 9 954. 9 954. 9 954. 9
Construction 0 158. 3 659. 3 1170.0 1486.5
Mai nt enance 0 52.2 269. 8 655. 9 1146
Ravi ne Tr eat nent
Trai ni ng 0 572.9 572.9 572.9 572.9
Construction 0 60.0 164. 6 192.0 243. 6
Mai nt enance 0 18.0 67.4 125.0 198. 1
Forestry
Trai ni ng 0 382.0 382.0 382.0 382.0
Tree planting 0 624 936 1170 741
Net Costs 168 3158 4677 5927 6464
Benefits
G oup Capital 0 260.0 640.0 1054. 2 1370.5

Hllside Yields 0 3530 18516 46093 82936



Ravi ne Yi el ds
Forestry Yields
Net Benefits
Net Returns

ltem

Cost s

G oup | nvest nent

776.

Hi |l si de Treatnent

Trai ni ng 954.
Constructi on 1920.
Mai nt enance 1780.
Ravi ne Tr eat nent
Trai ni ng 572.
Constructi on 360.
Mai nt enance 306.
Forestry
Trai ni ng 382.
Tree planting 780
Net Costs 7832
Benefits
G oup Capital 1781.

Hillside Yields 132395

(@ NeNe]

= O ©

Ravi ne Yi el ds 2992.
Forestry Yields 0
Net Benefits 137169
Net Returns 129337
Item

11
Cost s
G oup | nvest nent 990.

Hi |l si de Treat nent

Trai ni ng
Construction
Mai nt enance

Ravi ne Tr eat nent

Trai ni ng
Construction

0

187.
2089.

0

60.

Mai nt enance 396.
Forestry

Trai ni ng 0

Tree planting 78
Net Costs 3801
Benefits
G oup Capital 2869.

Hllside Yields 199276
Ravi ne Yi el ds 3872.
Forestry Yields 14000
Net Benefits 220018
Net Returns 216217
Not e: For

176.0

3966
809

658.

19815
15138

Year

814. 8

187.
1841.

[(o &)

0
60.
324.

= O

0
78
3306

1959. 8

9

855.

187.
1903.

0

60.
342.

0
78
3427

2155.

146929
3168
8000

160058

156751

161618

.7 3344,

12000
179118
175692

Year

12-14

1092.

0

187.
2213.

0

60.
432.

0
78
4064

3482.

220956

4224,
7083.

235746
231683

peri ods of conbi ned years,

8

w ~

= O

1222.

48369
42443

1

898.

187.
1965.

0

60.
360.

0
78
3550

2371.

175669

3520.

15000
196561
193012

15-17

1265

187.5
2398. 8

0
60.0
486. 1

0
78
4475

4635.0
249624

4752.7

7666. 7
266678
262203

aver age annual

= O

1936. 7

86243
79779

10
943. 2
187.5

2027.5
0

60.
378.

= O

0
78
3674

2608. 4
188497

3696. 7

9500
204302
200628

18- 20

1464.

187.
2584.

0
60.
540.

0
78
4914

6169.
275688

5280.

6233.
293371
288457

val ues are



di spl ayed.

Ravi ne Treatnents

Aggregate ravine treatnment costs equal the sum of person-days
i nvested in technical training, and the construction and

mai nt enance of gully plugs. Values presented in Table 4 are a
product of physical inputs (Table 1) and their economc price
(Table 3). Increased rice yields represent benefits from
treat nent.

Forestry

Forestry treatnment costs are based on person-days invested in
techni cal training, the nunber of trees planted annually (Table
1), and the effort expended per tree. Conponent benefits are
based on the value of poles produced fromthe planted trees
(Table 3).

Results of the Econom c Anal ysis

As stated in the introduction, the purpose of this analysis is to
answer the follow ng questions:

* |s the project econonmically efficient at the aggregate |evel ?
* Are each of the (quantified) project conponents econom cally
efficient?

* |s the aggregate project economcally attractive to
participating peasants?

* Are each of the (quantified) project conmponents econom cally
attractive to participating peasants?

Table 5. Measures of Econonmic Efficiency for the Aggregate
Project and for Each Conponent: Donor Perspective

Proj ect Conponent Net Present Val ue
($1, 000)
8% 12% 16%
Aggr egat e Proj ect 732.1 336. 6 104.7
Hi 1l side Treat nment 1076 671.4 425.5
Ravi ne Tr eat nent -100. 3 -94.5 -88.0
Forestry -150.3 -149.1 -144.7
G oup | nvest nent -93.2 -91.2 -88.2
Proj ect Conponent Benefi t/ Cost Periods to Real Econonic
Rati o Pay Back at Rate of Return
Di scout Rate (9%
(years)
Aggr egat e Proj ect 1.50 12 18.81
Hllside Treatnment 3.46 7 41. 05

Ravi ne Tr eat nent 0.17 >19 Not Cal cul at ed



Forestry 0.19 >19 Not Cal cul at ed
G oup | nvest nent 0.15 >19 Not Cal cul at ed

Not es:

1. Benefit/Cost Ratio, Payback Periods, and Econonic Rate of
Return are based on a discount rate of 12%

2. All values are in 1988 doll ars.

The answers to these questions are discussed in the follow ng
section and are organi zed fromboth the donor and the peasant
perspectives. In the donor perspective analysis, all costs (both
t hose accrued by the project agency and partici pati ng peasants)
are included. This analysis was conducted for the aggregate
project (treating each project conponent as a separate input),
and for each conponent (treating each conponent as a separate
project with participant and project outlays as inputs). Only
costs incurred by participants were included in the participant
perspective analysis. This analysis was conducted for both the
aggregate project (permtting conparison of the relative econonic
attractiveness of the different conponents) and for the separate
conponents (permtting a nore detail ed analysis of activity costs
and benefits).

Econonmi ¢ Efficiency Fromthe Donor Perspective

Anal ysi s of the Aggregate Project

The positive present net value (NPV) and the benefit/cost ratio
of 1.5 indicate that, considering only the inputs and outputs
quantified and included, the aggregate project is economically
efficient (see Table 5). The aggregate project may be consi dered
to be a desirable investnent as |ong as the opportunity cost of
capital (or the real interest rate) does not exceed the economc
rate of return of 18.81% (see Table 5). Analysis of the
sensitivity of NPV to 10% changes in input and output val ues
denonstrates that the hillside conponent has the greatest

i nfl uence upon the efficiency of the project (see Table 6).
Overall, inputs have a fairly bal anced i npact on project outcone
(they range from10.70 to 27.28), whereas there is great
disparity in the sensitivity of outconme to changes in the output
val ues for the different project conmponents (with a range of 1.58
to 94.42). Hillside benefits far outweigh those of ravine
treatnment, forestry, or group investnment in ternms of their affect
on the economic efficiency of the aggregate project.

Table 6. Sensitivity of Aggregate Project NPV to 10% Changes in
I nputs and Qutputs: Donor Perspective

Pr oj ect Conponent | nputs ($1, 000) Qut puts ($1, 000)
Hi 1l side Treat nent 27. 28 94. 42
Ravi ne Treat nent 11. 41 1.95

Forestry 18. 48 3. 57



G oup | nvest nment 10. 70 1.58

Not es:
1. Values are based on a real discount rate of 12%
2. All values are in 1988 doll ars.

The sensitivity analysis also indicates that the val ue of project
outputs and inputs would have to fluctuate to a far greater
degree than 10%to drive NPV to zero. Therefore, the estinates
of input and output values can deviate from actual values by an
amount far exceeding 10% w thout significantly affecting the net
out come of the project.

In order to anal yze each conmponent as a separate project, project
outlay costs were included in the separate conponent costs for
the sensitivity anal ysis di scussed above (and presented in Table
6). In addition to understanding relative conmponent efficiency,
donors might also be interested in knowi ng the relative weight of
project outlays when conpared to peasant inputs and net project
returns. In this case, each conponent is treated as a different
project input, as is project outlay. When project outlay costs
are subtracted from conponent costs, the remaining value is that
which is contributed by participating peasants. To better
denonstrate performance sensitivity to specific changes in
project outlay costs, another sensitivity analysis was conducted
(see Table 7).

This anal ysis further denonstrates the prom nence of hillside
treatnment relative to other peasant inputs in influencing project
performance. This analysis also clearly indicates that project
outlay cost and hillside treatnent benefits are by far the two
nost inportant factors affecting project efficiency. Al other

i nputs and out puts pale by comparison. It is also striking to
note that project NPV is nore sensitive to changes in hillside
treatnment outputs than to project outlay inputs. This indicates
that hillside treatnents are worthy of greater project

i nvest nment .

Table 7. Sensitivity of Aggregate Project NPV to 10% Changes in
I nputs and Qutputs: Donor Perspective (Wth Project Qutlay as a
Separate I nput)

Proj ect Conponent | nputs ($1, 000) Qut puts ($1, 000)
Peasant | nputs
Hi 1l side Treat nment 1.82 94. 42
Ravi ne Tr eat nent .50 1.95
Forestry .47 3. 57
G oup | nvest nent .63 1.58
Agency | nputs
Project Qutlay 64. 44 --
Not es:

1. Values are based on a real discount rate of 12%
2. All values are in 1988 doll ars.



Anal ysi s of Separate Project Conponents

Results of the anal yses conducted for each separate conponent are
presented in Table 5. The benefit/cost ratio of 3.46 and
economic rate of return of 41.05 obtained for the hillside

treat ment conponent denonstrate that it is economically efficient
and a good social investnment. |In fact, the returns to hillside
treatment are probably conservative. The figures used to predict
i ncreases in corn and sorghumyield in the first year follow ng
treatment were based on the |ower of the two yield increase
figures obtained for each crop, not on either the average or the
hi gher of the two. Further, in determning the total nunber of
hedgerows and trash barriers constructed, project technicians
counted only those which had been constructed using a level. One
proj ect docunent purported these "correctly constructed"
structures conprised only approxi mately 50% of all structures
built by peasants. Presumably, sonme of those not counted were at
| east partially effective at reducing overland flow, causing

sedi ment deposition, and, consequently, increasing crop yields.

If included, then these "sub-optiml" structures m ght have
doubl ed project NPV.

Benefit/cost ratios for the other conponents are all well bel ow
1, denonstrating that with the inputs and outputs quantified for
this anal ysis, these conponents are not independently

econom cally efficient. The high rate of return fromhillside
treatments obviously makes up for the | ess productive conponents,
and drives the aggregate project neasures positive. This poor
performance does not necessarily nean that these conponents are

not worthy of donor investnent. It should be renmenbered that
only a portion of benefits fromeach conmponent were quantified
(e.g., in addition to increased rice production, ravine

treatnments pernmit the cultivation of other diverse, nutritious
and hi gher val ued crops such as bananas and taro, and reduce
further loss of cultivable land to gully erosion). This analysis
does clearly indicate, though, that activities which enhance
agricultural productivity have a greater net benefit and interna
rate of return than ravine, forestry, and group economc

i nvestment activities.

Table 8. Sensitivity of NPV for Separate Project Conponents to
10% Changes in Inputs and Qutputs: Donor Perspective

H || side Ravi ne Forestry G oup
I nvest ment
Conponent Conmponent  Conponent Conponent
Cost s
Trai ni ng 0.34 0.21 0.14 ---
Est abl i shrent & Mai nt enance
1.47 0.29 0. 33 0. 63
Agency Cutl ay 25. 46 10.91 18. 01 10. 07
Benefits 94. 42 1.95 3. 57 1.58

Not es:



1. Values are based on a real discount rate of 12%
2. All values are in thousands of 1988 doll ars.

Al t hough the forestry conponent had the second hi ghest
benefit/cost ratio (Table 5), that ratio was only marginally
greater than that for either the ravine treatment or group

i nvest ment conponents. Aggregate NPV was al so nore sensitive to
changes in forestry inputs and outputs than to changes in the
other two conponents (Table 6). It is clear that forestry inputs
were high relative to forestry outputs [note 6], and that the
bul k of forestry costs were born by the project agency, rather
than by peasants participating in the project. H gh project
outlay costs for the forestry conponent are due to the cost of
tree seedlings ($0.07/seedling), transport, and the sal aries of
agency personnel concerned with the forestry conmponent. Less
capital intensive nmethods ("i.e.", local production of seedlings,
use of |ow i nput propagation techniques, and | ess nonitoring)

m ght have been nore efficient, but would not necessarily have
achi eved the sanme result of catalyzing | ocal demand and
producti on.

The | ow val ue of poles ($0.40--Table 3) is also responsible for
the relatively | ow benefit/cost ratio of the forestry conponent.
Wbod products are not scarce in the M ssade area; demand for
them has not risen significantly in recent years. 1In fact, there
is currently Iimted export of charcoal and high val ued tinber
fromthe region.

Anal ysis of the sensitivity of NPV to 10% changes in the val ues
of inputs and outputs for each of the separate project components
(Table 8) further reveals the relative inportance the hillside
treat ment conponent to the outcone of the overall project.

Al t hough costs (project agency outlay, and the costs of training
and structure establishnment and mai nt enance incurred by project
partici pants) are highest for the hillside treatnment conponent,
they are still within approximtely the sane range as those for
each of the other three project components. By contrast, the
benefits obtained fromthe hillside conponent are far greater
than those for the other three conmponents conbi ned, exceedi ng
them by over 1,200% Benefits fromthe hillside conponent are
approxi mately 2,500% hi gher than those fromforestry, and al nost
5, 900% hi gher than those for group investnent.

Table 9. Measures of Econonic Efficiency for the Aggregate
Project and for Each Conponent: Partici pant Perspective

Proj ect Conponent Net Present Val ue
($1, 000)

12% 24% 50%
Aggr egat e Proj ect 981 384 101
Hi 1l side Treat nment 926 284 99.0
Ravi ne Tr eat nent 14.6 5.1 .9
Forestry 31.0 8.4 .6
G oup | nvest ment 9.4 3.1 5



Proj ect Conponent Benefit/Cost Periods to Real Econonic

Rati o Pay Back at Rate of Return
Di scount Rate (%
(years)
Aggr egat e Proj ect 29. 68 1 >200
Hi 1l side Treat nment 51. 95 1 >200
Ravi ne Tr eat nent 3.93 4 >200
Forestry 7.56 7 >200
G oup | nvest nent 2.49 4 87.9

Not es:

1. Benefit/Cost Ratio, Payback Periods, and Econonmi c Rate of
Return are based on a discount rate of 12%

2. Values presented are in 1988 doll ars.

Econonmic Efficiency Fromthe Partici pant Perspective

Anal ysi s of the Aggregate Project

Peasant participation in the project is economcally efficient.
This is clearly evidenced by the overall benefit/cost ratio of
29.68, and the econonmic rate of return of over 200% (see Table
9). Participation in project activities (in the form of I|abor)
pays full return on investnent within a year (at the 12% di scount
rate). This is inmportant in light of the widely held belief that
poor peasants place a much greater enphasis on obtaining returns
on their investnments in a short period of time than do wealthier
i ndividuals, and in light of the high usury rates (30% per nonth)
common in the Miissade area. Capital is scarce, consistently so
in the formof noney, and at tines in the formof [abor, as well.

For this reason, discount rates of 24 and 50% were al so used in

the analysis. Interestingly, based on the assunptions nade, the
proj ect provides adequate returns to peasant investrment ("i.e.",
is economcally justified) even when analysis is perfornmed using

a 50% di scount rate

The sensitivity of aggregate project NPV to changes in input and
out put values is presented in Table 10. Again, project
performance is nost affected by changes in hillside treatnent

i nputs and outputs. This activity is apparently a better use of
peasant tine in ternms of potential to yield econom c returns than
are the ravine treatnent, forestry, or group investnent
conponent s.

Table 10. Sensitivity of Aggregate Project NPV to 10% Changes in
Inputs and Qutputs: Participant Perspective

Proj ect Conponent | nput s CQut put s
(%1, 000) (%1, 000)

Hi Il side Treat nent 1.82 94. 42

Ravi ne Treat nent 0.50 1.95

Forestry 0. 47 3. 57



G oup | nvest nment 0. 63 1.58

Not es:
1. Values are base on a real discount rate of 12%
2. All values are in 1988 doll ars.

Anal ysi s of Each Separate Project Conponent

Measures of the econonmic efficiency of each separate conponent
are presented in Table 9. Fromthe perspective of project
participants hillside treatnments show the greatest benefit/cost
rati o (51.95), paying back investnent within one year

Investment in forestry activities has the second highest ratio
(7.56), but requires seven years for a full return on
investnments. It may be noted that this is so despite the fact
that during the course of the project peasants receive seedlings
for free, and thus incur none of the costs of tree production
other than their time invested in training and their | abor
invested in planting. Investnments in both ravine treatnent and
group investnent activities show | ower benefit/cost ratios than
forestry, but pay back within four years.

As was the case for the donor's perspective, sensitivity analysis
conducted for each individual project conponent further
denonstrates that investnment in hillside treatnent ("i.e.",
participation in training activities, and the establishnment and
mai nt enance of structures) yields the greatest relative return
(see Table 11). It is clear that the dom nant elenment in this
econom ¢ anal ysis, and hence in the success of the project, is
the hillside treatnment conponent of the project.

Table 11. Sensitivity of NPV for Separate Project Conponents to
10% Changes in Inputs & Qutputs: Participant Perspective

H || side Ravi ne Forestry G oup | nvest nent
Conmponent Conmponent Conponent Conponent
Cost s
Trai ni ng 0.34 0.21 0.14 ---
Est abl i shrent & Mai nt enance
1.47 0.29 0. 33 0. 63
Benefits 94. 42 1.95 3. 57 1.58
Not es:

1. Values are based on a real discount rate of 12%
2. All values are in thousands of 1988 doll ars.

CONCLUSI ONS

Thr oughout this analysis, estimtes of project benefits are
conservative, whereas, by contrast, estimates of costs are



relatively realistic. On top of that, only a portion of al
project benefits have been anal yzed. Therefore, it is likely
that the true aggregate NPV of the project (fromthe donor
perspective) is actually greater than that cal cul ated ($336, 600
at a 12% di scount rate) and that the true benefit/cost ratio
(al so fromthe donor perspective) is wider than that presented
(1.5). Analyzed separately, the hillside treatnment conponent is
econom cally efficient while the other conmponents (forestry,
ravine treatnent, and group investnents) are not. As the
sensitivity anal yses denonstrate, project outcones are nost
sensitive to changes in project outlay inputs and hillside
treatnent benefits.

Both the aggregate project and all separate project conponents
are economcally efficient fromthe perspective of project
participants, and all but the group investnment conponent have
internal rates of return exceeding 200% Investnment in hillside
treatment yi el ded what was by far the greatest return

Investnment in activities which serve to increase agricultura
production ("i.e.", hillside and ravine treatnments) appears
substantially nore worthwhile in economc terns than does
investnment in forestry activities. As these sorts of treatnents
al so appear to achieve nore in ternms of environmental protection
than the forestry treatnments enployed in this project, the
results of this analysis strongly suggest that project efforts
shoul d pl ace nore of an enphasis on environnentally protective
and sustainable agricultural production [note 7] than on forestry
activities.

This anal ysis al so denonstrates that the fiscally conservative

| ow profile approach to watershed managenent, enphasi zi ng peasant
organi zation and training, enployed in the M ssade |ntegrated
Wat er shed Managenent Project, can be econonically efficient.
Sim | ar econom c anal yses of other watershed managenent projects
and strategies utilized in Haiti should be conducted to pernit a
conpar ati ve eval uati on.

APPENDI X

Annex 1: Physical Flow Cal culations [note 8]

Participation in Technical Training

1) Participation in technical semnars in 1988:
(175 seminars x 3 hr/sem nar x 15 partici pants/sem nar)/
(5 hr/person-day) = 1575 person-days

2) Vol unt eer extension agents:
(20 volunteers x 36 wk/yr x 3 hr/wk)/ (5 hr/person-day) =
432 person-days/year



3) Participation in formal training:
(196 participants x 30 hr/participant/yr)/ (5 hr/person-day) =
1176 person-days/year

4) Total technical participation in 1988 = 3183 person-days

G oup I nvestnents I nputs

1) Goup investnents in 1988

(1862 neetings x 1.5 hr/neeting x 8 participants x 0.25)/
(5 hr/person-day) = 1117 person-days

H | lside Treatnment |nputs and Qutputs

Table Al. Hillside Treatnments | nplenmented Each Year (SCF 1988
and SCF 1990)

Structure Type Quantities Constructed by Year [note a]
1986 1987 1988 1989 1990 1991
trash barrier 0 20,280 91,866 150,000 [note Db]
200, 000 [note b]
250, 000
[ note b]
hedger ow 0 4,160 6,568 25,000 [note b]
43, 167 65, 000
[ note b]
rock wal | 0 2000 [note Db]
11, 486 20, 000 [note Db]
4, 545 5, 000
[ note b]
t ot al 0 26,440 109,920 195,000 247,712 320, 000
total hectares [note c]
0 21.1 87.9 156.0 198. 2 256.0
Not es:

a. Presented in |inear neters.
b. Project data not avail able, authors' projection
c. Based on 1250 linear nmeters per treated hectare.

1) Contour structure establishnment requires 3 mnutes/!|inear
meter. Wth an inter-row spacing of 8 neters, 1250 |inear neters
were treated per hectare.

(3 min/linear mx 1250 |inear mha)/ (60 mn/hr x 5 hr/person-day)
= 12.5 person-days/treated hectare.

2) Annual maintenance includes hedgerow | oppi ng and trash barrier

reconstruction. These tasks are estimated to require 33% of
establishment effort.

Annex 2: Description of Treatnents



Hillside Treatnents

Hllside treatnments include trash barriers, hedgerows, and rock
wall's, with trash barriers and hedgerows frequently inplenmented
together. Al three structures are established on the contour
wi th an average spacing of 8 neters between structures.
Surveying is acconplished with the use of an A-franme |evel.

Trash barriers are established by digging a ditch approxi mately
20 cm deep, piling the soil into a ridge downsl ope. Stakes are
pl aced approximately 10 cm upslope of the of the ditch and crop
residue ("e.g.", corn and sorghum stal ks) is piled perpendicul ar
to, and upsl ope of the stakes. Another ditch is dug upslope to
the trash barrier and the soil is piled over the barrier. This
is done to make the barrier |less perneable to water flow, as well
as to keep rats fromnesting in the barrier. Such barriers
requi re annual repair and reconstruction

If a hedgerow is established in conjunction with the trash
barrier "Leucaena | eucocephal a" seed (at the rate of

approxi mately 100 seeds/m) is planted on the upsl ope side of the
ridge formed downsl ope of the first ditch. In the second year
after establishnment, instead of repairing the trash barrier in

pl ace, crop residue is piled directly against the | eucaena and
the stal ks used the previous year are renoved or allowed to decay
in place. Soil is piled over the trash barrier as before.

Annual rmai ntenance is al so required.

Ravi ne Treatnents

Ravi ne treatnments include: trash barriers with support stakes
capabl e of reproduci ng vegetatively; hedgerows of "Leucaena

| eucocephal a, Penni set um pur poreunt, and "Saccharum of fi ci narum"
and rock checkdans. To inprove structure efficiency and
durability, nore than one treatnment is often inplenented at a
given site.

The structures average 0.75 nmeters in height and 3 neters in

wi dth. On an annual basis, approximtely 30% of the structures
require reconstruction followi ng the rainy season. All
structures require some annual rmaintenance. The non-vegetative
portion of the structure ("i.e.", trash barrier or rock checkdam
is normally constructed during the dry season. |f stakes which
propagate vegetatively are used, these too are planted towards
the end of the dry season. "Pennisetun and "Saccharunt hedges
may be pl anted downsl ope of the non-vegetative barrier at any
time during the rainy season. |If "Leucaena" is planted, seeds
are planted towards the end of the rainy season, after high flows
have subsi ded, but before the ravine dries out.

Forestry

The forestry conmponent of the project ained at encouraging the
pl anting of trees along property boundaries. Species used



i ncl ude: the indigenous "Catal pa | ongi ssima, Colunbrina
arborescens,” and "Si maruba gl auca"; and the exotics "Cassia
si amea, Azadirachta indica", and "Acacia auriculiforms."

G oup I nvestnents

The two nost common types of group investnment were in animal
husbandry and the nmarketing of agricultural products. Sw ne
production was an inmportant activity, in which piglets were
farrowed and sold. Marketing was nostly grains and beans, grown
or purchased and stored till the market price reached an
acceptabl e | evel.

NOTES

1. Calculations were perfornmed using the Cash Fl ow and
Sensitivity Analysis Program (CASH) devel oped by ML. Belli, D W
Rose, C.R Blinn, and K Ho, Departnment of Forest Resources,

Uni versity of M nnesota.

2. "Groupenent” are pre-cooperative peasant groups based on
traditional social |inkages. The groups commonly engage in
col l ective social and econom c activities and average ei ght
nmenbers.

3. "Lunpiness" refers to situations in which certain, presunably
significant, levels of capital are required for investnment in a
given activity, and increnental units bel ow that |evel cannot be
purchased. Investnent in cattle, for exanple, requires the
purchase of at |east one ani nal

4. For details on the nethods of establishnment and mai nt enance
see Annex 2.

5. Average nine-nmonth survival is 53% (SCF 1990).

6. It may be noted that, in this analysis, the benefit flow from
the forestry conmponent was arbitrarily cut off 20 years after the
initiation of the project, despite the fact that benefits from
forestry activities continued to accrue for 17 years beyond t hat
wi thout further cost. To see the inpact of that decision on the
anal ysis, the data for the entire 37 year period were anal yzed.
The resulting benefit/cost ratio was 0.20, and the sensitivity of
NPV to 10% changes in input and output val ues, -$1469. The fact
that these values differ only slightly fromthose obtained for
the 20 year period suggests that the decision to analyze only 20
years of data in no way affected the results of the analysis.

7. It should be noted that such an enphasis may be conpati bl e
with, or very likely require, the use of agroforestry systens.
It is not being suggested here that trees are irrelevant, or even



unnecessary, to the achi evenent of watershed managenent goals in
Haiti. Indeed hillside treatnments in the Miissade Project nake
integral use of trees. Rather, the results of this analysis
suggest that the use of trees within agricultural systens, both
for environnental protection and to inprove agricultural

producti on, may be their nost econom cally advant ageous use.

8. The sources for these data are SCF 1988 and SCF 1989.
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