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1. INTRODUCTION

During the last years the Peruvisn government has peid considerable
sttention to the development of (1) irrigetion programs im the Coast,
(2) water conmtrol progrems in the Sierva, and (3) colomnisation projects
in the Jungle regions of the country for improving and lncreasiag the
production of the sgricultural secter.

Important reasons for wvhich colomization programs in the Jungle
deserve special consideration include (1) the existence of fertile lands
in the esstern slope of the Andes; (2) the possibility of growing » wide
variety of crops in varicus sub-~climatee; (3) the possibility of redistri-
buting labor resources from overpopulated areas (maimly im the Coast and
Slerras regions) to Jungle underpopulated areas, thus reducing the preveiliag
disguised unemployment; (4) the convenient development of poteatial agri-
cultursl resources in accordsnce to the high dependence the Peruvian
economy has with respect to the agricultural sector; (5) the alternstive
of svoiding political conflicts with action aimed st unused new land
instead of coping with going concerms (latifundia); eand (6) the need for
integrating remote Jungle sreas into the astionsl ecomomy. Im edditiom,
it should be noted that the important marginal Jungle road project implies
the need for an urgent complementary action oriented at the colomizstionm
of all fertile sreas located within the influence of this road.

The Peruvisn govermment has completed four msjor colemization
studies (8, 9, 10, 11) for four different regions in the Jungle. One
more effort in this direction is the actual processing of & study for
the fifth colonization project for a vast Jungle area in the North.



This project, which is the focus of this thesis, aims to incorporate am
srea of 2.2 million hectares for agricultursl purposes. It is the lsrgest
Jungle colonization project among those programmed by the government.

The plamning strategy adopted by the project agemcy responsible for
the Jungle colonisation program divides the area inte eight planning sec~
tors limited by geographical physical boundaries (see Figure one). Their

respective names and total land areas are as follows:

Planning Total
~Sector Ares (Hectares)
) 4 Nazareth 138,623 (Nazareth Project)
11 Chitiyacu 203,104
111 Nieva 247,115
v Son Rafael 189,659
v Santiego 299,340
vl Cenepe 508,866
Vil Chavez Valdivia 417,565
VIIiI Cahuide 195,728
Total Area 2,200,000 (Complete Project)

Each planaing sector will be studied separate and independently with
regard to specific eavirommentsl characteristics. The first stage in the
plamning of each sector is the development of s Pilot sample or reduced-
scale project in a limited within-sector sres defined as the "colomization
center”. The reduced scale project is designed for accomplishing basically
two objectives, namely, (1) model guidelines for the establishment of
community cemters within the sector area (vith the community centers pro-
viding basic services such as water, power, hospitals, schools, church,
stadiums and parks); snd (2) farm plenning guidelines which will be subse~
quently followed im the progressive colonizstion of the plamning sector,
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The Mszareth sector is the first ome to be studied. The project
agency hes given priority to this sector for mainly three reasoms. First,
it {8 with respect to its location a bridge-head to the 2.2 millien
hectares total project srea. BSecond, it has guick sccess to the Olmes~
Marenon penetrstion road thereby remndering aveilable its output in less
time than vould any other planning sector. Third, 1t is the sector nearest
to the Coast region end to importent Jungle towns such as Bagua Grande,
Bagus Chica, Jaen and others.

The total area for the WNazareth sector 12 of appromimetely 138,623
hectares. Only 28,000 hectares or 20 percent of this area (s estimated
as suitable for agricultursl uses. Approximately 14,000 hectares will be
sllocated for agricultural production end 14,000 hectares for livestock
production.

The project agency began working en this program im Mey 1965. Te
the present, it has produced only the finsl report for the Nemareth Pilot
project (12) covering en area of spproximately 2,300 hectares. Its next
step is the study of the complets Nazareth sector project. The investige-
tion of the ecomemic charscteristics of this project constitutes the main
subject of this thesis. Vor this purpose, and ss & prior necessary step,
the Nazareth project hes been simulsted, teking ae basic elements of
syathesis the model structure of the Nazareth Pilot project (12) and other
supporting dats derived from oral interviews with preject agency officials
and from the Tingo Maria-Tocache Project (11). The Nazsreth project thus
constructed is of a prospective nature. Its definite detalled versiom
will be realized by the project agency in the nesr future. This lnvestiga-
tion thus will bring forth a first impression on the economical



characteristics of the Nazareth project saud, possibly, of the over-all
colomization progrem. In addition, this study may suggest the applica-
tion of existing methodology for saalysis of projects of this type and ia

: not regularly emgaged in these duties.

charge of military analysts
There are various limitations to be regarded im this work. PFirst,
the Hazarveth Filot project design is sssumed to be correct st least for
that part which has been availed for the construction of the Masareth pro-
Ject., Second, additional information was needed by the suthor for project
simulation. Third, the snalysis does not desl with a comparisom of
alternstives; instead, it generstes the characteristics of the project
prior to such & comparisomn. Pourth, soclal snd political mstters have not
been included so that ecomomic aspects can be emphasized. PFifth, the
marked absence of sufficient project imput datas has made necessary use of
& consideredble mmber of supporting assumptions. Sixth, benefits are over-
estimated. This study utiliszes the yield estimetes considered in the Pilet
project. It complies but does not necesserily agree with these estimates.
The Pilet project’s source for ite ylelds are estimates from other jungle
colonization projects having similar characteristics to those prevailing
in the Nezareth area. A comparison has been made im thie study for

checking these ylelds against those obtained by the Convenio de Cooperacion

l'l'h institutions engaged {n the performence of the referred
colonization program are the Institute for Agrarisa Reform and Promotion
and the Army. Both institutions have equivalest equal responsibilities.
But, the Army (engineering branch) does not appear to have the necessary
and sufficlent knowledge for adequately analyzing the economics of pro-
Jects of this type.



’l'ontcaz for bansnas, pimsapples, soybesns, cassaves, corm, beans sud
vegetables growm in the Department of Amazonss which includes the Nazareth
project area. This comparisom shows 2 significant over-estimate of the
Pilot project ylelds. Consequently, benefits derived from the sale of
outputs from the Namareth project sre also over-estimated thus ifmplying
an inflation of the bemefit-cost result of this analyeis.

Pinslly, it is adverted that by the time this study wes completed the
Peruvisn economy was affected by aa approximately 50 percent devaluation of
ite local currency. As this devalustion affects coloailsstion projects a
brief summary of its probable effects upom the economics of the Nazareth
projact is added as necessery for the {otroduction of this work.

It is considered that the recent devaluation of the Sol affects both
the supply and demend for outputs from the Nazareth project. Quantities
of food products demended as a function of higher prices should decline
while their supply is expected to increase following higher prices.

An estimate, ot the mational level, of the probable chenges implied by
the d-nlntlu’ indicates a 28 percent decresse in the consumption of beef
snd a 23 percent decrease in the consumption of milk. These reductions
result in a 93 percent decrease in imports of beef snd an 85 percent decrease
in imports of milk. Also, it is estimeted thet the quemtity purchased of

2 The “"Convenio de Cooperaciom Tecnica; Estadlstice y Cartografia”
(CORESTCAR) is & public agency whose besic mission is the periodical
recapitulation and processing of agricultursl productiom deta. It i one
of the most efficient end rellsble sources of sgricultural dsts in Peru.

3 Considering a rate of exchange of 1 Dollsr for 40 Soles and
sssuming that products ere bought snd sold on & free market.



fruics and tubers, and beans will decrease by 3.6 percent and 7 percest
respactively.

On the supply side & rough estimate indicater & prospective imcreasing
trend in the production of agricultural outputs., A quantitative measure of
supply increments for each product is yet undetermined im the sbsence of
sound evidence on the supply respomse to price changes., Hevertheless, it
is expected that productiom will imcrease to the extent that price controls,
derived demands and production techmological limitetioms will sllow it to
oceur.

Furthermore, the develuation affects the foreign exchange balsnce in
colonisation egricultural projects. These cover foreign exchange costs
for purchasing fertiliszers, insecticides, farm machinery and livestock.
Such items need to be fixed ln the quantities required by & pre-determined
techuological level. Thus, the devalustion effect is & direct lncresse in
toles cost to the project. In addition, the little substitutability between
capital snd labor inputs in colomizatiom projects (given the labor shortage
in jungle areas) does not facilitate the betterment of an increased cost
situstion of a project.

On the benefit side the devalustion o {fects colenization projects
more severely than other types of projects, viz,, irrigation projects,
glven that these are akin to 2 subsistence egriculture -- at lesst in
thelr first stage of development. Nevertheless, an optimistic sttitude
may be adopted for allowing colomization projects to exert a long rum
import substitutiom effect for smeliorsting the foreign exchange balance,
€.§., through increased meat and milk production.



After the sbove considerations it cem be comcluded thet the Nazareth
project is seriocusly affected by the recent devalustion of the Sol turaning
it less favorable.

FPor the development of this work the author has frequently resorted
to Sheners' (16) study for reference matericle and saslytical framework te
be adopted ia the analysis of Peruvisn jungle colomization projects. Alse,
the Tinge Marie-Tocsche project (11) has been frequestly used «s & valusble
rveference study.

The present study is divided into three msjor chapters. Chepter II
deals with the theoretical consliderations cn the benefit-cost and semsi-
tivity analysis. Chapter 1Il refers to the analysis of the prospective
Nazareth sector colonizatiom project sud includes, iam three sections, the
general descriptiom of the Hazareth project, its econcmic evalustion in
terms of the discounted cost-benefit balance, and the supplemeuntary sensi-
tivity saalysis of four msajor varisbles of the project, vis., rate of
interest, rate of coloaization, study peried or time horizem and type of
prices considered. And, Chapter IV includes the summery end conclusions
of the study.



I1. THEORETICAL CONE IDERATIONS
A. Benefit-Cost Analysis

There are a considerable number of criteria, any of which can be
applied in evaluating the economic soundness of a project. The criterionm
selected as coavenient for the preseat case is ldentified with the com-
parisom of project costs snd benefits. This is portrayed within the com-
text of & project svaluation method called benefit-cost analysis. A
summary description of this technique can be imitiasted by quoting the
following:

Cost-benefit amalysis is a way of setting out the factore vhich

need to be taken iato account in making certaim economic choices,

Host of the choices to which it has been applied invelve invest-

ment projects and decisions whether or not a particular project is

worthwhile, which is the best of several alternative projects or

when to undertake & psrticular project (14).

The evaluation criterion of the benefit-cost spproach is the rastio
of the present value of ite benefits to the present value of its coste
which, Lf exceeding umity, indicates a favorable ratto.a The mathematical

expressaion or decision algorithm for this criteriom is as follows:

¢ *
A+ " a+n 2" *%43“
i
WU | THSIS
a+opa+n "¢ *aeo"

s An equivalent meaning for this definition is the selection of a pro-
Ject, when its preseant value of benefits exceeds its present velue of
coste, i.e., vhen the net present value ie positive., This equivalent
meaning 18 ahead aveiled for the semsitivity analysis (14).
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Where,
bi,...,n = Prospective benefit values for years 1 through n.
ei,...,n = Prospective cost values for yoears 1 through n.

3 used for discoumting.

i = Interest rate
e = Scrap or salvage value,

There sre basically four relevant sspects in this analytical device
which deserve specisl consideration. These refer to the procedures
followed for identifying and evaluating costs and benefits, to the selec-
tion of an appropriste rate of discount and to the relevant comstraints

affecting the final outcome of a project.

1. Jldentification of benefits smnd costs

The effects of a project may be divided differently according to
the criteries adopted for such purpose. This study follows Timbergen's
(17) criterion. Me divides comsequences of & project into three types,
viz., direct, iadirect and secondary.

i. Direct congequences Within this category ere included those
items vhich the anslyst can determine in & straight forverd menner. These
items are associasted with project investment and operasting costs and
receipts. Costs cover construction and meintenance of rosds and community
facilities, on-form installments, snd other activities such as technical
assistance. Receipts or gross benefits refer to the income derived from
the sale of outputs in local markets, Net benefits refer to grose benefits

less farm production costs.

3 The interest rate (1) which {s slso the shadow price of capital,
may not be constant over time. If this is the case, the term (1 + 1)
would be eltered. But this is & refinement which is frequently omitted.



11

iit. JIadirect consequences Indirect consequences refer to changes
in the orgenization of production im industries vhose finsl outputs enter

a8 ioputs to the project; such industries are vertically integrated to
the project enterprise. Their inclusion in the snalysis requires, of
course, clear kanowledge of {aterindustry relations. By means of a well
defined Laput-output matrix it is possible to trace the project's imdirect
effects on related {ndustries as well ss to induced effects on household
consumption patterns and levels by the project to its releted industries.

iii. Secomdary consequences Secondary conmsequences of s project
stem from the income growth resulting from the project, Am increase in
formers' locomes, for exsmple, may induce s derived lncressed demsnd for
domestically produced consumer goods end on imports. These effects depeand
upon the size of the project involved. Their inclusion into the besefit-
cost snalysis may be regarded as relevant omly for projects vith substantial
income increasing effects.

2. VYaluation of benefits and costs

4s it is extremely difficult to forecest with accuracy the future
development of relative prices for large : lanning Inrlm.‘ 2 general
practice is to value costes and benefits of a project st comstant prices
adopting the price levels existing at the depsrture point of the project.
For a more rigorous snelyeis, & hypothesis may be adopted for the Peruvian
case for alloving s degradation of the purches ing pover of money of, for

¢ This is especially true for countries shoving en almost chromio
tendency for devsluation of its local curTency.
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exemple, 10 percent per year, and consequently sn equivalent rise in the
general price level. Then, the evolution of relstive prices would pre~
sumably be different for certain categories of goods and services (15).
The inclusion of this inflstiomary varisble in the analysis could place
the project in 2 move profitable basis, except for repaying the loens,

On the other hand, proper conmsideration needs to be glven to the
various circumstances affecting the true value of the iteme involved in &
project. As an exsmple, the vslustion of costs and benefite mey be
associsted with the actual deviations from perfect competitiom. Departures
from Pereto optimum conditions, e.g., momopolistic elements im product u
factor markets, pervert relative outputs away from thelr perfectly competie
tive equivalent terms. Market prices used (n the valustion of benefits
and costs would no longer serve in making declsions on investments. Thus,
project funds would be misallocated between different industries. The
difficulty could be corrected by sdjusting the ectual level of costs snd
benefits. A second exsmple mey be related to the unemploymeat of labor.
The excess supply or metionsl misallocstion of labor resources, referring
to 2 reglonal comcentration of lsbor greater them the existing lebor
absorbtion capacity, implies overstated prices for lsbor resources. FVor
this reason, the spplicetion of labor market prices im the valustion of
direct benefite and costs overstetes the socisl cost and under-estimetes
the total benefits of a project (14). In eddition, large projects may
alter price levels of inputa and outputs.

The inappropristeness of market prices for reflecting the true
nhumﬂhntm*m*nctnm-’h. at
least partially, corrected with the use of real (shadow or accounting)
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prices. Accounting prices, according to Tinbergen (17), are those at
which supply is just sufficlent to satisfy demand. These prices represent
the oppertumity cost or the valus of the merginsl product of & production
factor. Use of sccounting prices is being recommended in the snalyeis of
et least lebor, capitel ead foreign exchange production factors (16).
Siace a generally satisfectory techuique for sccurately determining
the accounting values of the ahove mentioned production factors hes not yet
been developed, it becomes opportune to epply to elternstive techniques for
obtaining at least approximate results. Anelysts msy thus spply to the
sensitivity amalysis alternstive as an adequate mean for determining the
influence of verious sccounting adjusted valuse on the outcomes of a project.

3. Bage of interest
Benefit-cost analysis needs to be implemented with an sdequate intevest
rate selected according to the cepital supply-demond conditions of the

economy. This task constitutes one of the moet delicate problems which have

to be solved ia this m.,

projects have long ll.m‘ and require significent imvestment expenditures,

and that the selection of low interest rates may yield 2 type of program
substantially different from that obtsined by using ¢ high interest rate.

————

7 only in certain cases as, for exsmple, vhen & fixed budget is to be
spent there is no need for an opportunity cost rate of interest because the
problem of selection does not Lmvolve sa opportunity cost of capital.
Purthermore, some suthors, e.g., Mclean (7), srgue there i neither need
for a social discount rate of imterest. This is valid omly when mot con-
sidering the present value of benefite less costs, for if so, vome rete of
discount hes to be chosen.

® But, ¢ 1s sdverted thet the inebility to foresee the future and the
elements of uncertaivty sffecting the project outcome tend to reduce the

pmmuca-u-cmmwupumtnmlm

It hae to be taken into eccount that wmost
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If maximum velfare conditions were assumed to exist, thus implying
an optimal allocation of resources, the marginal soclel rete of time
preference and the marginel social rate of return from investment would
be equivalent terms. But, this does not occur in the real world econcmy
vhere the market determined interest rate does not necessarily coincide
with the social rate. This problem is further complicated by the existence
of different interest rates utilized by the public and private sectors of
the econcay. In addition, market determined interest retes in under~
developed countries tend to be below the real or competitive rate, i.e.,
they are undervalued estimotes which do not reflect the full price-
increasing effect of a demand for cepital larger them its supply.

The interest rete controversy is on endlese discussion which s
dispesed by Prest and Turvey (14) ss follows:

Discussion about sociel rates of time preference, social oppor-

tunity coste, ete., do mot cut very much fce in most empirical

work, snd we have not been able to discover any convincingly
complete application of such notiems.

Eckstein (1) also concludes thet "The choice of interest rates must
remain & value judgement.”

Under this state of things the uswal practice (s to select an
interest rate on the basis of preveiling retes. The range of selection,
as proposed by Shamer (16), can be determined by (1) the interest rate
utilized by the Central Bank, which may be regarded as the lower bound,
and (2) the interest rate prevailing in unorgsnized momey markets, as the
upper bound. A point of reference within this rate selection range might
ba the govermment borrowing rate, even though it mey be argued that the
government is not & competitive borrower.
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Shaner estimstes that a realistic selection range for most of the
less developed countries, includiag Peru msy hsve an 8 percent interest
vate at the lower bound and e 14 percent imterest vate at the upper bound.
Thie range estimste leads to the recommendsble spplicetion of a sensitivity
snalysis for covering all possible outcome slternatives. Of course, in

correlation with other relevent variables.

4. Relevant constraists

Fimally, it is werthwhile mentioning the veriocus types of conetraiats
which msy obstruct divectly and/or indirectly the straight forverd develop~
ment of benefit-cost anslysis. And, which, to a certein extent, may impede
the relevant techmique for obtaining optimem final results in what concerns
the sccurecy of the guentitative elements lavolved in the project.

Eckstein (1) clessifies comstraimts ss follows: (1) physical com-
streints, the most general of which is the project productiom function;
(2) legal comstraints, which reduce actiom to the fremework of the lavs
affecting the project demeain, e.g., sgrarien reform lawe; (3) sdministrative
constraints, which affect the operativeness of project agencies conformed
as part of an integrsted plamning orgenism; (4) distributional constraints,
referring to the real world non-sttaimment of welfare equilibrium condi-
tions, i.e., the income distribution problem; ead fimally (5) budgetary

constraints.
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B. Semsitivity Amalysis

it is not slways possible to rely om the value estimates of all the
relevant varisbles entering the economic snslysis of a specific project.
In fact, a considerable degree of uncertainty affecting the final outcome
is geverally expected. This is especislly true for project studies per-
formed in less developed countries, including Peru. In these areas
factors such as (1) imsufficient asd/or incomsistent statistical dats
scheme, and (2) insdequate smalytical procedures, among other elemental
deficiencies, veduce the validity of the vesults of the studies. The most
important implication of these uncertsinty elemeats, when mot properly
managed in the analysis, is the incressed probability for sccepting (or
rejecting) a project erromsously, i.e., the evalustion result may be mis-
led by the uncertain behavior of varisbles under different circumstances.
To this vespect, Shener (16) states the following:

Estimstes used in the analysis were trested as Lf they were certain

to occur. Yet many of them ere subject to considerable uncertainty.

Clearly, this possibility can influence the economic sttractiveness

of a project.

One way of enhancing the velldity of a project investigation is teo
undertake a sensitivity analysis. This saslyticsl teel starte with the

best available ut!.uu’ of each relevent varisble aad then proceeds with

’ The best cetimate, as uveed herve, represents the expected value
defined as the sum of all p alvhna is the value of the i~th ocutcome
and Py is the probabilicy l:bt it will Lcm'. Other possible interprets-
tions of the "best estimate” are the mode (the most likely outcome) snd
the median (the outcome which has a 50 percemt chance of being exceeded).
In the present cese, however, such statisticsl cslculstions have not been
made and the "best estimate” iz based on judgment sbout what the expected
velue might be.
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e systematic modification of the value of one of them to calculste the
sensitivity of the ocutcome with vespect to changes im decision varisbles.
Grant snd Iresom (2) refer to sensitivity emslysis (which is the

approach adopted im this study) as follows:

Sensitivity refers to the relstive magnitude of the change in

one or more elements of an engineering econcmy probles that will
reverse = decision among sltermatives. Thus, if one particular
element con be varied over & wide range of values without sffecting
the decision, the decision under comsiderastion is said aot to be
sensitive te uncertaiaties regarding thet particular element.

On the other hend, if 2 small chenge in the estimete of one element
will alter the decisiom, the decision is said to be very semsitive
to changes in the estimates of that element.

Also, Hirshleifer (5) refers te sensitivity amalysis as follows:

As a practiceble altermative (to more sophisticated procedures)

and it is vitsl to make st least this much allovence for umcer-

tainty the celculations should be repeated under a nusber of
different sssumptions sbout the usimown values of the most

erucial elements of the problem. This Ls called "sensitivity
testing”, end & wise procedure would be to check sensitivity

of the calculations to construction-cost changes, wvesther

variation, discount vete, etc.

Other alternative techniques which could be used for dealing with
uncertainty elements in the outcome of a project are those proposed by
Hertz (3) and Hillier (4). Herts proposes computer analysis together with
estimates of the frequency distribution of significant variables, to
generate a frequency distribution for the overall iavestment proposal.
Hillier suggeests an snalysis of estimetes of the wean snd verisnce of

projects annual net returas to sccomplish the same type of result.
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III, ANALYELS OF THE PROSPECTIVE NAZARETH SECTOR
COLOMIZATION PROJECT

The first step teken by 2 project agency is the development of &
project study, e.g., concerning the colonization of the Nazareth sector.
This part of the theeis is devoted to the economic anslysie of the pros-
pective Hazereth colonization project.

An advanced formulation of the Mezareth project hes been prepared,
utilizing as elements of syanthesis (1) model guidelines developed in the
Haszareth Pilot project veport, (2) asdditionsl references derived directly
from the project agency, ond (3) referemces from other similer studies.
The basic data are imcorporsted in the materizl comtained in Appendix A of

this study.

The analysis of the project will be sccomplished within 2 benefit-

i Also, a sensitivity analysis will be made of some of

cost framswork.
its relevant variables, vix., rate of colonization, type of prices, pro-
ject 1life and interest rate. Omly diecrete changes in the net present
worth of the project due to discrete changes in the four mentioned
varisbles will be fnvestigated imssmuch as the prineipel focus of the
preliminary analysis is to find some indicetions of the direction of
change.

This chapter is divided into three sections. The first comntains a

brief general description of the project. The second section desles with

e Vithout comsidering {t as part of the integrel 2.2 million
hectares preject.
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the economic evaluation of its direct costs sad benefits and finally the
third section refers to the verious sensitivity teats proposed as

relevant.

A. General Description

The Nazareth rrojcct“ covers ¢ total ares of 138,623 hectares, of
which only 2¢ perceat or 28,000 hectares ave avallable for agricultural
uses. Approximately ome half (14,000 hectares) of the latter area is
exclusively for cattle ralsing; the other half is retained for mixed eater-
prise production. The project will establish spproximately 1410 agricul-
tural femilier units or Imn of which 448 are cattie raising units and
the remaining 962 units are of the mixed enterprise type. The estimated
{avestment cost for on-ferm facilities amount to un undiscounted total
of 161.373 million Soles.

The project estimstes that spproximetely 7050 colomnists will be
settled during its develeping period. This colonial population ie equiva~
leat to 1410 families. Each family composed, as an sverage, of five
sembers corresponds to one farm umit.

The project considers the establishment of four uwrben or community
renters which will be constructed sccording to the model specifications
contained in the Pilot project. Their estimsted total investment cost is
38,556 milliom Soles.

1 of whiich, it io recalled, the Pilot Project is an integrsl part.

Q Of the types defined in the Filot Project report (see Part 1 of

Appendix A).
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The road system messures approximately 300 kilometers including
20 kilometer road segment corresponding to the Olmos-Maramon penetration
road. This system will mske the project ontputu avallable to markets in
the North Coast and neighboring Jungle regions. Ite investment cost
amounts to approximately 90,208 million Soles.

The weather, soil and forestry factors for the Nazareth project are
sssumsd to be similar to those described for the Pilot project (refer to
FPart 1 of Appendix A).

The objectives of the Nazareth project are (1) to settle army dis-
charged persomnel and peasante of the srea in agricultural commumities
sccording to agrarian reform procedures; (2) to regulate the actual land
tenure system among precarious land owners 2nd nodam Indian farmers and
grant land property certificates according to legal specifications;

(3) to consolidate tha cateblishment of humsn centers im the area; (4) teo
incorporate 28,000 hectares for agricultural productiom; (35) to gramt
techaical, financial and economic aid to project beneficiaries; and,

(6) to incresse agriculturel output im the project ares end im the country.

B. Economic Evaluation

The economic evalustion of the project will be made in terms of the
present worth of ite direct costs and benefits. Costs and benefits will
be conditioned by the subsequent base asssuvmptions.

13 The ultimste gross output value of the project is estimated In at
least 270 million Soles per year.
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1. Base essumptions

The setting of the Nezareth project, according to the mentioned
model referemces has taken into consideration the necessary conditioms
for making the result compstible with reslity. Reality includes limited
finsacial resources, administrative bottlenecks, lack of planaing uaity
and uatimely sction affecting project plenaing end execution. These
circumstan - es coincide with the more pessimistic assumptions related to
the rate of colomization, rate of interest, project life and prices con-
sldered.

i. Rete of colonizetion It is assumed that the project will
incorporste into agricultural production 1,000 hectares per year based on
& straightline trend. This is 2 low (pessimistic or comservotive) rate
of colonizetion besed on references obtained from other four colomization
studies (8, 9, 10, 11) thae show a higher sverage comstant rate of 3,000
hectares per year.

The lov estimete for this study iz Jjustiffed becouse of capital end
finsncial limitations end o short supply of colonists. Moreover, the use
of a straightline trend in colonization 1s preferred beceuse of the sbaence
of sound evidence for shifting to « non-linear trend.

At the estimeted rate of settlement, the project ares of 28,000
hectares would be incorporated imte egricultural production in approximately
30 years. 1If ten to fourteea years of farm unit production development is
sdded to the settlement period, a totsl projest production-development
period of from forty to forty-four years would then be applicable, i.e.,
regular or full-scale ammusl! sroduction would begin in the forty-fifth year.
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it. Time horizen It is assumed that en snalysis period of fifty
years, including forty-four yeare for the project's full output develop~
ment and six years of regular smnuel production, Ls am appropriate estimate
for this study. The begimning year corresponds to the first of the Pilot
project's corrected time horizon.'’ This life period estimste is based on
en evalustion of the four mentioned colomizetion etudies, the Sheuer report
and interviews with local suthorities on the subject. All evidence
derived from these sources indicates that colomnisation projects are
normally lomg lived snd that fLfty years (s & ressonsble estimate for
analysis purposes.

I111. Raste of iuterest It is sssumed that am applicable rate of
discount for carrying project costs and benefits te & compersble present
vorth basis is 15 percent, which is supported by McGaughey (6) in his
statement that, “most frequently sccepted Lnterest retes raenge anyvhere
from 10 to 15 percent or larger,” snd by Shemer (16): this renge of
values (interest rates of 8, 10, 12, and 14 percent) should span the
mojority of possible riskless interest rstes in ¢ number of development
countries, including Peru.

The relevent matter im this cose, no matter what the interest rate
is as lomg as it is realisticelly high, is the marked preference of present
benefite over benefits received at & later time.

" The originsl Pilot project report considers erroneously as the
firet year of the project, thet ia which land incorporetion begine. In
this study the Filot project hes been corrected to stert really two yeers
m::o:' with the yesr in which the first lavestment for infra-structure
wor made .



iv. Prices This study will substitute shadov or sccoumting
prices for farm (uuskilled) lebor market prices. However, oaly labor,
sccounting prices heve been used, given the sbsence of sufficient data
for other project impute.

It is sssumed thet ferm labor accounting prices sre 50 percent of
the respective market vage. This estimate, besed on Fhener (16), teokes
into account the prevailimg relative labor surplus, the lov farm laber
productivity, the fact that some of the costs of settling the colomists
hove been included elsevhere in this snalysis under the hesding of farm
favestment, community center investment and encillary cests, and the
possibility that additional costs would be incurred in employing the

above, e.§., transport costs for trensferring labor from surplus aress

to the project.

2. Direct costs

Total project costs start im the first year with 2.75: million Soles
end grow steadily until the thirtieth yesr, after which they fluctuate
within the ramge of 93 and 102 million Soles. Project investment coets
amount to s total wndiscounted velue of over 290 million Soles.

Costs have been grouped for snalysis inte four major cetegories,
viz., ferm, road, community ceater and encillery cests. The sanuval flow
of this expenditure is listed im Columns (1) through (9) of Table 1.

i. Ferm costs Totel farm costs stert im the third year with
2.949 million Soles end incresse irvegularly to the thirty-aimth year,
after which they fluctuste withia the range of 74/ and 81 million Soles.
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Table 1. Direct costs and benefits for the Nazareth project subject to a
rate of colonization of 1000 hectares per year, a study period
of 50 years and at sccounting farm labor prices

(thousands of soles)
Conts
Year Farm B Road

Investment Operating Total Investment Maintenance Total

1 - - - 192 - 192
2 - - - 192 192
3 1,401 1,548 2,949 635 3 666
4 1,309 1,972 3,881 3,432 82 3,514
5 2,197 4,716 6,913 18,325 356 18,681
6 2,%02 6,291 9,153 17,138 1,822 18,960
7 3,161 7,835 10,996 2,138 3,193 5,331
8 3,647 5,400 9,047 2,138 3,364 5,502
9 3,884 11,175 15,059 2,138 3,533 5,673
10 4,483 12,996 17,479 2,138 3,766 5,844
11 4,656 14, 164 18,820 2,138 3,877 6,015
12 5,083 15,968 21,051 2,138 4,048 6,186
13 5,670 17,810 23,480 2,138 4,219 6,357
14 6,331 19,104 25,435 2,138 4,390 6,528
15 7,097 21,344 28,441 2,138 4,561 6,699
16 7.89% 24,129 32,023 2,138 4,732 6,870
17 8,484 26,399 34,883 2,138 4,903 7,041
18 8,935 28,816 37,751 2,138 5,074 7,212
19 9,169 31,019 40,188 2,138 5,245 7,383
20 9,677 34,129 43,806 2,138 5,416 7,554
21 9,817 36,332 46,149 2,138 5,587 7,725
22 10,174 39,439 49,613 2,138 5,758 7,8%
23 11,882 41,645 53,527 2,138 5,929 8,067
24 12,149 43,848 55,997 2,138 6,100 8,238
25 13,388 46,081 54,439 2,138 6,270 8,408
26 14,246 48,254 62,500 2,138 6,440 8,578
27 14,767 50,457 65,224 2,138 6,610 8,748
28 15,270 52,660 67,930 2,138 6,781 8,919
29 13,774 54,863 68,637 2,138 6,952 9,090
3 13,703 57,066 70,771 1,120 7,123 8,243
31 13,544 57,7718 71,322 - 7,217 7,217
32 13,518 59,028 72,456 7,217 7,217
33 13,842 60,262 74,104 7,217 7,217
34 13,740 61,302 75,042 7,217 7,217
35 14,429 62,306 76,733 7,217 7,217

o Includes labor at sccounting prices.
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Teble 1. (Comtinued)
Costs
Year Farm Road
Investment Opersting Total Investment Maintensnce Total

36 14,808 63,268 78,076 7,217 7,217
37 14,921 64,182 79,103 7,217 7,217
38 14,725 65,1% 79,875 7,217 7,217
39 17,302 66,090 83,392 7,217 7,217
&40 13,698 66,997 80,695 7,217 7,217
41 13,224 67,904 81,128 7,217 1,217
42 12,867 68,811 81,678 7,217 7,217
43 14,412 60,576 74,988 7,217 7,217
44y 14,351 60,576 74,927 7,217 7,217
45 15,467 60,576 76,043 7,217 7,217
46 16,018 60,576 76,5% 7,217 7,217
&7 16,164 60,576 76,740 7.217 7,217
48 16,176 60,576 76,752 7,217 7,217
49 14,229 60,576 74,805 7,217 7,217
S0 14,046 60,576 74,622 7,217 7,217




Table 1. (Continued)
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Year Community Costs Gross b
Investment Ancillary Total Benefits
1 412 2,150 2,754
2 412 2,658 3,262 -
3 1,89 12,133 17,644 900
4 4,056 12,157 24,606 3,105
5 2,865 12,202 40,661 7,133
6 - 12,202 40,355 11,988
7 - 12,202 28,529 13,395
8 - 12,202 26,751 21,554
9 3,213 12,202 36,147 26,779
10 3,213 12,202 38,738 32,101
11 3,213 12,202 40,250 38,406
12 - 12,202 39,439 42,523
13 - 12,202 42,039 51,552
14 - 12,202 44,165 58,276
15 - 12,202 47,342 69,027
16 - 12,202 51,095 77,383
17 - 12,202 54,126 86,755
18 - 12,202 57,165 96,738
19 3,23 12,202 62,986 106,738
20 3,213 12,202 66,775 116,732
21 3,213 12,202 69,289 126,718
22 - 12,202 69,711 136,708
23 - 12,202 73,79 146,698
2% - 12,202 76,437 156,688
25 - 12,202 75,049 166,678
26 - 12,202 83,280 176,668
27 - 12,202 86,173 186,658
28 - 12,202 89,051 196,329
29 3,213 12,202 93,142 209,429
3o 3,213 12,202 94,429 219,932
3l 3,213 11,705 93,457 229,032
a2 - 11,705% 91,468 236,855
33 - 11,703 93,026 242,782
3. 11,705 93,964 267,71
33 11,705 95,657 252,995

b

Sale of farm outputs value.
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Teble 1. (Continued)

Year Community Costa Grose
Investment Ancillery Total Benefits
36 11,708 96,998 256,480
k) 11,705 98,025 260,382
38 11,705 98,797 264,036
39 11,705 102,314 267,074
40 11,705 99,617 269,395
41 11,705 100,050 271,298
42 11,705 100,600 271,951
43 11,705 93,910 272,103
&4 11,705 93,849 272,103
4s 11,705 94,965 272,103
(1 11,705 95,516 272,103
47 11,705 95,662 272,103
48 11,705 95,674 272,103
49 11,705 93,727 272,103

50 11,705 93,544 272,103
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Total farm coste heve been disaggregated into investment and operating
categories (Columns (1) and (2) of Table 1). Investment costs are imcurred
for land clearing, housing facilities, fences, equipment and tools,
pastures, livestock, barns end pigpens. Also, withia this category are
included replacemsnt costs for (1) ferm housing facilities every 20 years,
(2) barns and pigpens every 10 years, (3) pastures and fences every 10
years, and (4) land clearing every 20 vears.

The totel undiscounted value of these costs smount to 516.633 million
Soles (or B0 percent of total project investment costs) distributed over a
fifty year period starting (n the third yesr of the project life.

Operating costs are for payments to labor and meterisl purchases,
€.5., seed, fertilizers, pesticides. These etart in the third yeer with
1.548 million foles and continue increasingly entil the forty-second year,
after which they reach the stable figure of 60.576 million Soles.

Annual opersting costs are maintsined constant after the forty-second
year due to the lack of evidence of declining coste after the development
period of each of the three types (A, C and D) of lots considered for the
project. It is recognized, hovever, that costs would tend te drop with

specialization in farm n:wum.“

ftill there is » question regerding
the time required for farmers to become sufficlently trained im their tasks

80 &8 to result in eignificant reductions in farm production costs.

13 Conditions for the possible occurrence of economies of scale

implying en increase in form sisze (s disregarded beceuse one of the objec~

tives of ehir type of project is precisely the promotion of family size
foim umits.



ii. Road costs The Mazareth project imcludes a total 300 kilo-
meter road system demanding an investment cost of 90,208 million Soles (or
14 percent of total project investment costs) distributed over the first 30
years of the project. This cost is listed in columas (%), (5) and (6) of
Table 1.

The rosd sub-system corresponding to the Pilot project area is com=
prised of » 2 kiloweter main read connecting the community center with the
Olmos=Marenon penetration road and of 13.5 kilometers of second class roeads
for intercommunication between lots sud the commmmity center. This sub-
system, having an investment cost of 3.5 million Soles, hes o comstructiom
schedule of five years, starting with the firet year of the project.

The secondary rosd sub-system for the vest of the sector project ares
messures 265.3 kilometers. Its estimsted investment cost is 56.708
million Soles distributed over a twenty-seven yesr period starting in the
third year of the program. The outlays occur st an ennusl vate of 2.138
million Soles, which correlates with the sanual road facilities need of
the project (see Part 2 of Appendix B). In additiom, an investment of 30
million Soles, distributed eveanly over the 5th snd 6th years of the pro-
ject, for the comstructiom of the Olmos-Maranon penetretion road segment
corvesponding to the Nezareth project area, is imputed s#s a cost to the
project (imasmuch as the rosd will improve asccess of project outputs to
markets beyond the immediste project area).

Project costs for road maintensnce start in the third year snd con-
tinue increasingly (ss more roads are constructed) umtil the thirty-firet
year, after which they continue with an annual constent value of 7,217

million Soles until the fiftieth year of the project. Maintemance costs
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have been caslculated as sn average eight percent velue of emnual road
investments.

iii. Community center cOgts The project considers the establish-
ment of four urben centers fer providing colonists with services end
facilities such as water, electric power, schools, medical posts, city
hall, public markets, public agemcies, churches, recrestionel centers and
pirks., The investment required for establishing these four community
centers smount to an undiscounted total value of 38.556 million Soles, or
5.47 percent of total project investments. Each center demasnds an invest~
ment cost of 9.639 million Soles (see Column (7) of Table 1). The firet
center corresponding to the Pilot project, is to be built duriag the first
five years of the project; the second, during nimth, tenth amd eleventh
years; the third, during the 19th, 20th, snd 2lst years and the last
during the 29th, 30th snd 3lst yeare of the project. The spacing betveen
construction of each commmity center hee been determined sccording to
the rate of settiement of colomiste and their demand for this type of
services and facilities (refer to Appendix B).

A commentary can be made with respect to the investment volume for
community services and facilities. It may be argued that the propesed
ﬁl_ is excessive and that colonists may not sctually demsnd this level
of social services, to which Patch (13) reacts s» follows:

But more impressive than the organized colonies which can be

multiplied os many times os there (s money to finance them is the

spontaneous colomizetion which reaches where ever a road or trail
permite.c.vsccvcscensssssns .The Bolivisn Development Corporstion,
instead of encouraging new settlers to come intd the rrea, is

trying to slow the pace because it hes not even the most rudimentery

resources with which to help the newcomers. There is ne doctor,
there are no medicines, no tools, and provisions must be secured
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from Santa Cruz. Yet, it is certsin that within the next year

500 families will be settled on percels which have been laid

out along the road.

iv. Ancillary costs This category includes investment and
cperating costs for economy studies, agricultural experimentation snd
promotion, and farm planning (see Table 20). These costs ave included
inasmuch as they sre associated with sgricultural development costs
imputeble to the project that affect the forthcoming project outputs.

Ancillsry costs have not been yet determined by the project agemcy.
Neither {s there any reference in the Pilet project as to what their
probable value might be. The values spplied in the present study for
these costs have been determined om the basis of the cests for the Tingo
Maria-Tocache project (refer to Part 2 of Appendix A).

Expenditures for economy studies are mede for guiding the annual
project output through economically efficient channels. These studies
include basically investigations relsted to the msrketing of the verious
products produced. VWithin this context, snalysis is made of msinly the
storage, processing end transportstion costs affecting production. These
research costs amount to 750 thousand Soles per year and occur throughout
the 1ife time of the project. Although the Nazareth and the Timgo Msria~
Tocache projects differ in sise, {t is assumed that both have the same
economic study cost.

#ith respect to agricultural experimentation, it is considered that
the project will have st least one ststion for this purpose. Costs for
agricultural experimentation are composed of (1) investment coste for

buildings, installations, and equipment and (2) operating costs for wages,
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salaries, maintenance, etc. Total investment coste amount to 1.6 million
Soles distributed over the first two years. Annual operating costs
amount to 9.36 million Soles and occur throughout the 50 year life time
of the project beginning in the third yeer.

Too, it is considered that the project will require the estsblishment
of four agricultural promotiom offices. The investment costs for these
four offices amouvats to 1.5 million Soles. The wain agency would cost 600
thousand foles and the other three sub-agencies would cost 300 thousand
Soles each. The msin agency vould be established in the first year with
two sub-agencies established in the second year and the last im the third
year of the project. Total anmual operating costs are 1.593 million Soles
throughout the life time of the project. The main agency has an annual
operating cost of 507 thousand Soles while esch sub-agency has amnual
expenditures of 362 thousand Soles.

Farm plamning involves expenditures for the design and distribution
of lot umnits, design of crop rotations, financial programs and other
planaing sspects ot the farm unit level. The unit cest of this project
input is estimated in 100 Soles per hectare. The smnual expenditure for
farm planning has been directly related to the smnual rete of colonizstion
yielding the amnual cost flow sppearing in the corresponding column of
Table 20 in Appendix C.

Total project ancillary costs for the sbove items begim in the first
year with 2.150 million Soles end continue throughout the project life
time with an average yesrly figure of spproximately 12 smillion Soles (see
Column (8) of Table 1).



3. Direct besefits

The project output nl.nu hss been estimated by consideriag the
hectare unit yield of each crop. Crops grown on an sanual basis, e.3.,
corn and beens, vere assumed to yield the ssme volume per hectare year
after year. Peremnisl crops would increase esch year until maturity and
then hold constant at that rate. All peremmisl crops, except bansnas,
vere sssumed to last st least 20 years; bansnas would have to be replanted

17 The sanual output velue of each crop was thea evaluated

every 8 years.
at local prevailing market prices which have been assumed to remaln constant
throughout the 50 yesrs study pericd of the project. Also, output consumed
ot the farm, viz,, vegetables, beans, beef, pork and fruits, have been
valued at current market prices.

Constant merket prices over a 50-year study period is & simplifying
sssumption, justified only by the absence of deteiled studies of local
markets that would be required for valiéd predictions of future relative
prices. Current merket prices sre considered merely as comvealent bench
marks.

Project gross benefits are listed in columa (10) of Table 1. These
begin in the third year with 900 thoussnd Soles and continue increasingly
until the forty-third yesr after which they attein & constsat full produc~
tion level of 272.103 million Soles per anaum.

» Defined as the gross benmefit or total receipts derived from the
Hazaveth project.

1 Assumed banana production is based on dats for the Tingo Maria-

Toceche project.



4. Benefits versus costs

In this sub-division, the economic soundmess of the prospective
Nezareth project is investigsted through the comparisen of its direct
benefits and costs. For this purpose, benefits and cost flows must be
discounted to the first year of the project to put them on a comparable
bagis. Aftervarde, a ratio is comstructed between the sum of the dis-
counted presemt worth of benefits end the sum of the discounted present
worth of costs. This benefit over cost ratio identifies the economic
indicator upon which finmel judgment om the project's economic characteristics
is based. Coat and benefit flows discounted at sn interest rate of 15 per-
cent are listed im columas (3) and (4) of Table 2 together with their res-
pective sum of discounted annual values. The sggregste bensfit cost rastio
obtained for the project is 0.95. This outcome rejects the Nazareth pro-
ject as sn economically feasible enterprise.

The analytical results would otherwise be less discouraging if certain
cireumstances implicit in ite development are taken into proper considera-
tion., VFor example, reductions in project costs sssocisted with economies
of scale ave likely to occur (1) at later periods of the project, and/or
(2) once the Nazareth project is integrated with the overell 2.2 millien
hectares project. In sdditiom, high community center unit establishment
costs are charged against the project (11). Purthermore, the highly
conservative market and techmological sssumptions comtribute to a lew
benefit-cost ratio. Coaversely, inclusion of indirect economic snd social
benefits could incresse the project bemefit-cost ratio.
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Teble 2. Discounted present worth of the Naszareth project direct cost snd
benefits
(thousands of soles)

Year Undiscounted Discounted st 15 percent
Total Het b Total Net
Costs® Benefite Costs Bene fits
1 2,75 - 2,395 -
2 3,262 - 2,466 -
3 14,695 (2,049) 9,661 (1,347)
4 19,725 224 11,278 128
5 33,748 220 16,780 109
6 31,182 2,795 13,471 1,208
7 17,533 2,399 6,591 902
8 17,704 12,507 5,787 4,088
9 21,088 11,720 5,995 3,
10 21,259 14,622 5,255 3,615
i1 21,430 19,586 4,605 4,209
12 18,388 21,472 3,437 4,013
13 18,559 28,072 3,016 4,562
14 18,730 32,81 2,647 4,640
15 18,901 40,586 2,323 4,988
16 19,072 45,360 2,039 4,849
17 19,243 51,872 1,788 4,819
18 19,414 58,987 1,569 4,766
19 22,798 68,350 1,603 4,678
20 22,969 72,926 1,403 4,456
21 23,140 80,569 1,229 4,278
22 20,098 87,095 929 4,024
23 20,269 93,171 815 3,745
2% 20,440 100,691 713 3,514
23 20,610 112,239 627 3,412
26 20,780 114,168 549 3,014
27 20,949 121,434 482 2,7
28 21,121 128,399 422 2,568
29 24,505 140,492 416 2,445
30 23,658 149,161 351 2,252
3 22,135 157,710 290 2,006
32 18,922 164,307 216 1,873
i3 18,922 168,678 216 1,670

{ ) Indicates negative values.

a Excluding farm investment and operating costs.

b Net benefite defined as the sale of outputs value (or gross
benefits) less farm investment and opersting costs.



Table 2. (Continued)

Year Undiscounted Discounted at 15 percent
Total Bet Totel Net
Coate Benefits Cents Bonefits
34 15,922 172,729 216 1,486
35 18,922 176,260 216 1,322
36 18,922 178,404 216 1,202
37 18,%22 181,279 216 1,084
33 18,922 184,161 216 961
39 18,922 183,682 216 819
40 18,922 188,700 1,322° 698
41 16,922 190,173 1,322 635
42 18,922 190,273 1,322 567
43 18,922 197,115 1,322 516
L 18,922 197,176 1,322 b4
&5 18,922 196,060 1,322 373
46 18,922 195,509 1,322 332
&7 18,922 195,363 1,322 293
48 18,922 195,351 1,322 254
49 18,322 197,298 1,322 217
50 18,922 197,481 1,322 178
Present worth® 112,486 107,052

® These velues were calculated using uniform series presemt worth

factors,

9 The net present vorth of direct costs and benefits ylelds a
bene fit-cost ratio equal to 0.95.
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It is also observed that the project is also subject to cost~
incresaing consideratioms, vis., additiomal urben services and facilities.

C. Fensitivity Analysis

This section includes a brief and simple anslysis of the sensitivity

of the net present mthu

of the project to discrete changes in the velus
of four mejor varisbles, viz., rate of interest, rate of colonizetion,
time horizon and type of prices considered. These verisbles correspond teo
the base sssumptions fixed st comservative values for the anslyeis of the
preceding section B. Here, as each verisble (s changed (theveby affecting
the project costs and benefits), the values of the other three sve held
constent. The discrete variatiocm renge selected for each varisble is,
1,000 and 3,000 bectares per yesr for the rote of colomization varilsbles;
8, 10, 12, and 15 percent for the rete of intersst varisble; 30, 40, %0
snd 60 years for the time horisonm "ll'llbhl and market prices and

accounting prices at 50 percent of merket prices.

18 rhe met present worth (NPY) s defined here ss the discouated
difference between net bemefits (or gross benefite less farm costs) and
total project costs. The corresponding methematical expression is the
folloving one: ¢

NN - B, ~c)+q+d
Where,

3 = The year im which benefits and costs ocewr,

t = The time horizon comsidered for the project.

l,-thnl.uolthmuh&-j-um.

c" = The value of the costs ian the j-th year,

1 = The interest rate used for discounting.

In this snelysis, a2 negative NIW corresponds to » bemefit-cost ratio
less than unity; « positive NAV te a bemefit-cost ratio greater than umity;
and, & NW equal to zero to e unity benefit-cost ratio.



The higher rate of colonization of 3,000 hectares per yeer is an
sverage valus for the Tingoe Maris-Tocache project (11). It has been used
in this study as the most probable rate for the Hasereth project. The
lower rate of 1,000 hectares per year is & comservetive alternative esti-
mate for the same project. The interest rete considered for this snalyeis
corresponds to estimates mede by Shamer (16) and McGaughey (6). For four
time horizon estimates have been selected arbitrarily by the suthor, while
the sccounting prices estimeted as 50 percent of market prices are based
on Shaner. Market prices have been included inm this enalysis oaly teo
illustrate the ervors its use might imply for the preoject.

The verious net presemt worth outcomes of this sensitivity analysis
appesr in Table 3 and Pigures 2, 3 and 4. These vesults are subsequently
treated in three sensitivity tests, the latter of which, referring to the
project evalustion at market prices, is included only for illustrative
purpozes.

1. pirst gest

For the first semsitivity test related to chenges in the time horises,
accounting prices are wsed and & rate of colomizetion of 3,000 hectares per
year,

The results of columns (3), (4), (5) snd (6) of Table 3, which are
drava in Figure 2, show an incressing sensitivity of the project to changes
in the time horizon, the lover the interest rete considered. AL the higher
interset rate of 15 percent, the varistion reletion is en absolute incresse
in the met present worth of 18.24 million Soles to en increase of 30 yesrs
in the time horizom or, sltermetively, sn increase of 42.3 percent in the
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net present worth, Omn the other hand, at the lower intevest rate of 8
percent, the project becomes (im & progressive manmer) significantly
sensitive to the time varisble. At this rete, sn incresse of 30 years
implies an sbsolute incresse in the project's net present werth of
202.429 million Soles or, slternstively, an increase of spproximately
58.2 percent in the net preseat worth,

Am.uthtmmmhthMmunml
tovards larger time horizoms tends to briag these relationships to &
sero slope st substantially different net presemt worth levels. This
tendency is quite evident at & 60 year time horizeon, implying that this
thml“-qhmtnmtucnulnmmjoetuhmm-
stable high et preseat worth (particularly vith the project discounted
at high rates of interest). On the other hand, the extension of the four
mmwthmmmubﬂnmﬂummunun
common Det present worth level. The evidence thus indicates that the
effect of the Laterest rate is greater the larger the time horizom con=
sidered.

2. Second test

This test refers to the sensitivity of the project to changes in
the constant rete of colonization. Nere, farm lsbor costs ave valued at
mhnmmcwmthht-uuucmmmmjnt.

With respect to the rate of colonization, the results of columns
(2)mta)urau:mwzamcmurm:mu-um
sensitivity of the snslyois to changes in the rate of colonization the
lover the interest rate considered. At an interest vete of 8 percent em
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increase of 2,000 hectares per year in the constent rste of coloaizetion
effects an absolute increase of 267.99% million Soles in the net present
worth. Alternatively, st an interest rate of 15 percent, the same incresse
affects the project by turning it from a negative to a positive 60.605
million Soles net present worth level. Alse, it is observed in Figure 3
that, st this higher interest rate, the net present worth is zero ot @&
rate of colonizetion larger than 1,000 hectares per year.

Purthermore, the straight line projection towards lover met present

wvorth levels of the four curve upnn“

in Figure 3 seem to indicete »
convergence of these st s common net present vorth level. This teadency
implies a lessening in the importance of the rate of interest when lower
rates of colonizetion are considered. Or slternstively, if sttention is
paid to higher rates of colonization, then the interest rate selection

becomes a crucisl matter in the anslysis of the project.

3. Third teet®’

This test includes # brief comperative snalysis between the resulte,
at different interest rates, of the project st market snd accounting prices
for labor. This comparison may illustrate the kind of error which canm
arise when prices not representing the opportuaity cost of omly laber in
this case ere utilized in the economic evelustion of a project.

19 It is sssumed thet the discounted net present worth is & curvi-

linear functiom of the rate of colonization. This assumption ie bered on
Shaners' (16) snalyeis on the same subject for the Tinge Maria-Tocache
project (11).

20 This test is eimed st illustrsting the importsnce that should be
attached to the use of accounting prices in project evaluation snd in
terms of the different outcome their use might imply.
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It is considered that umskilled labor, being in relative surplus
supply in the national ecomomy, is overpriced in the market place. Con~
sequently, the use of msrket prices for evaluating the economics of o pro-
Ject with vespect to its impact at the nationel level will yield less
favorable results relstive to those derived with the use of accounting
prices. This situation may be fllustrated with the results of this
analysis appearing in columns (1) and (2) of Table 3 (and grsphically
illustrated in Plgure 4). It can be observed, in the first place, the
marked preference the use of accounting prices have with respect to mar-
ket prices for rendering this project more favorsble. This is especially
true for the project discounted st low interest rates. The brokenm curve
in Figure &4 represents the difference between the net present worth of
the project st sccounting prices and the net presenmt worth of the project
st msrket prices, st four diffevent imterest rate values. This curve
slopes downward towards lower {nterest rates. Its shape implies that the
effect of sccounting prices i{s more neticesble vhenever low {nterest rates
are critical to the anslysis.

The significance of the use of sccounting prices is evident whenever
the project is placed within the margin of its acceptan-e or rejection. It
is imperstive to give proper comsideration to accounting prices for they
provide the most valid base for accepting or rejecting s project om economic
grounds. In this study the declsion uncertainty margin may be placed withim
twvo boundaries, viz., (1) the project discounted, alternatively, st
éccounting prices and at merket prices at an Interest rate greater tham 11

perceat but less than 12 perceat and, (2) the project discounted,
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alternatively, ot accounting prices and st merket prices at an interest
rate greater thaa 14 percent but less than 15 percent. At this margin

it may be sssumed that the project is sccepted only at accounting prices
for the presumeble result at market prices would be a negative net presemt
wvorth figure.

4. Belstive semsitivity of the gnslysis

Teble 4 contains figures representing the relative semsitivity of
the analysis to individual changes im each of the three varisbles formerly
tested.

Results in Table 4 imdicate that of the three variasbles coneidered,
the time horizon is the most sensitive. A 1 percent change in this
varisble effects the largest percent change in the net presemt worth of
the project discounted at sany of the considered interest rates. The
second most sensitive verisble {e the price type. And, the relatively
less sensitive verisble is the rate of coloniszatioca.

1t cen aleo be noticed thaet the three verisbles have a declining
relative seasitivity the higher the rate of interest considered. The
declining rate of change is lerger for the time horiszes varisble mean-
while the lower declining rate of change corresponds to the rate of
colonization varieble.
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1IV. SUMMARY AND CONCLUS 1018

A, Summsry

The Peruvisa Govermment is developing through two of its agencies
(the Institute for Agrarien Reform and Promotion in joint venture with
the Army Engineering Branch) a project study for the colonization of an
area of approximetely 2.2 million hectares located la the Alte Maramon
jungle reglon in the northwest part of the country. The total juagle pro-
ject is one of the largest smoung those undertaken by the government.

The project planning strategy vhich has been sdopted by the project
agency ianvolves a dividing of the 2.2 million hectares area into eight
plamning sectors. Each of these are to be studied firet as independent
sub-projects and, later, after having been studied separately, each of
the aight sectors are to be brought together as integral or systematic
parts of a unique total project cemprising the 2.2 million hectares area.

The first sand only sector which is being studied at the moment is
that corresponding to the Nazareth area of 138,623 hectares, A Pilot
project concerning an ares of approximstely 2,300 hectsres has so far
been developed for defining the model plamming guldelines to be subse~
quently followed in the progressive colonization of the Nezareth sector
area.

After considering the above background circumstences, the Nasareth
project was selected as a prototype project for anmalysis on three points.
Firet, the Nasareth project is the first of a series of projects to be
developed under ite image. Thus, the snalytical approach applied in the
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Hezareth project becomes critical in affecting the development of subse-
quent projects. Second, the Mazareth project is part of one of the largest
projects in the country. Third, a well defimed criteriom for properly
differentiating the financial from the economi: snalysis of a project is
nov lacking in the project plamning.’' The lack of s comceptusl criterion
for project evalustion, added to others relsted to the proper plamaing of a
project, points to a need for an smslysis of the sort undertaken in this
study.

The purposes of this thesis is to provide an exsmple of the applica-
tion of a preliminary data methodolegy for the economic evaluation of the
Nazareth project. The results of this analysis may be useful by providing
project analysts a first impression of the economic dimensions of the
Hezaveth and comperable projects. They may elso induce snalysts to further
consider the plamning of the complete program slnce other sectors will be
treated similarly. Thus, plammers may give thought to new directions in
their original system plamning strategy to schieve preferred changes. To
this respect, refinements still sre needed to clarify the position of the
overall program versus the partial sector project approach.

Yor the economic evaluatiom of the Nazereth project, twe analytical
tools have been employed in this work, viz., benefit-cost analysis and
sensitivity emalysis. These are first treated under thelr theoretical

context and afterwards applied to the project.

n The asuthor arrived to this knowledge after a critical lecture of
the Pilot project report and other eimilar studies, meinly, the Tingo
Maria~Tocache project.
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The snalysies of the direct costs and benefits of the project is
performed under the following set of conservative sssumptions: (1) a
rate of colonization of 1,000 hectares per year; (2) & rate of imterest
of 15 percent; (3) a project analysis period of fifty years; and (4) ferm
lebor asccounting prices at 50 percent of market prices. The totsl preseat
value of benefits and coste of the project are 107.052 and 112.486 million
Soles respectively. The resulting benefit-cost ratio is 0,93, which is
derived on the basis of highly comservetive sssumptions without including
indirect economic and soclal effects.

For the sensitivity snalysis, the base saswmptions of the benefit-
cost snalysis are permitted to vary discretely, vielding different net
present worth resulte for the project. The sensitivity test with the
conservative assumptions gives a negative net presemt worth of 4,88
million Soles or a benefit-cost retio of 0.95 for the project at accountiag
prices, at a discount rate of 15 percent, with 2 time horizon of 50 years
and with a rate of colomization of 1,000 hectares per year. The sensi-
tivity test with the more optimistic assumptions gives 2 net present
worth of 550,193 million Soles or 2 benefit-cost ratie -ot 3.07 for the
project at accounting prices, at a discount rate of 8 percent, with a
time horizon of 60 years and with a rate of colonizationm of 3,000
hectares per year. The sensitivity analysis thus provides a renge in
the benefit-cost ratio of 0.95 to 3,07, The final project ratio may be
asesoclated vith any value within the 1imits of the ramge asccording to the
velues assumed for the four varisbles tested. The values to be given to

these varisbles are ultimetely subject to the snalysts' judgment regerding



real world factors, viz., economic, social, political and financial,

vhich may affect the project results within an environment of uncertainty.

B. Conclusions

Thie vork dravs the following conclusions for the Nazareth prospec~
tive project:

1. The Nazsreth project is not econowically feasible when subject
to & set of conservative assumptions regerding the rate of interest, rate
of colonization, time horizon snd accoumting prices.

2. The benefit-cost ratio of 0.935 resulting from the economie
evaluation of the Nazareth project based on the comservative sssumptions
may not be excessively low to be economically feasible if (1) proper com-
sideration iz given to the very sdverse enviromment im which the project
performance is placed when subject to the comservetive base assumptionms,
and (2) on optimistic attitude Ls adopted in comsidering the met effect
of indirect economic comsequences and social consequences ae being
favoreble to the project.

3. Vith respect to the sensitivity of decisions to changes in the
rate of colomization, it is comcluded that the Mazareth project increases
its probability of becoming economically feasible as the rate of coloniza-
tion imcreases ceteris paribus.

4. With respect to the sensitivity of decisions to changes in the
time horizom, it is concluded that the Nazareth project increases its
probability of becoming economically feasible ss the time horizom increases,
ceteris paribus. A time horizon of 60 years Ls sufficlent for allowing
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the project to spproximate its maxiwum net present worth discounted at
higher interest rvates. Larger time pericds are necessary if lower dis-
count rates are considered.

5. With respect to the sensitivity of decision to changes in the
rate of discount, it is comcluded that the Nazareth project increases its
probability of becoming economically feasible the lower the rate of dis-
count considered, ceteris paribus. Thus, the decisiom for selecting »
time horizon and/or rate of colonization for the project becomes an
increasingly important matter the larger the discount rate considered.

6. A net present worth of 550.193 million Soles, or slternatively,
& benefit-cost ratio of 3.07, is the maximum feasible result applicable
to the Nazareth project subject to the conditions of this anmalysie.

7. The use of accounting prices ylelds a net preseat worth result
greater then that arrived at through the use of market prices in the
economic analysis, ceteris paribus.

8. The decision to use accounting prices in the economic asaslysis
becomes sn increasingly importsnt mstter the lower the rate of discount
considered, ceteris paribus. At higher rates of discount the difference
between the net present worth of the project at sccounting prices and the

net present worth of the project st market prices becomes less importamt.

€. Recommendations

Prior to any recommendation on the use of resulte of this ansalysie
it is necessary to include the subsequent consideratioms:
First, the prospective nature of this analysis of the Nazsreth pro-

ject should be properly comsidered. This condition of the analysis sub-
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jects its results to modifications of & quantitstive nature according to
the complete data scheme which will be obtainmed a posteriori (presumsbly
in the mear future) by means of a conventionsl complete project resesrch
work including on~field surveys. Incidentally, the amslytical procedure
of going, on & proportionsl basis, from the Pilot project to the Nazareth
project (or larger projects) implies the probable disproportionste repro-
duction of certain categories of data inherent in the Nazareth project
cherscteristics. Possible changee in going from the Pilot project to
larger projects may include, for ewample, adjustments in the net farm
income data after definitiom of the merketing chsunels for the emtire
sector area production. Also, the consideration of cooperatives working
within the spheres of malaly production sad merketing of project outputs
may favorsbly slter the results of the analysis. Equally, the necessery
industrialization of msrketable surplus production comveys possibilities
for modifying the economic characteristics of the project.

Second, sttentiom needs to be given to the economic nature of this
analysie. PFinanciel sspects should not be expected to enter the
analytical framework designed for the ecomomic amalysis of the Nazareth
project. As such, this study is concerned omly with project effects on
the economy. Thus, it indicates the economic gaine to the society sub-
ject to the Nazareth project investment. Project costs and benefits are
defined with relation to the economy rather than to the govermment.
Prices put on production factors should indicate, at lesst approximately,
the value of production foregome. And, as merket prices are seldom per-
missive to this condition sccoumting prices are used accordingly.
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This study yields two types of results. The first type, vhich may
be defined as 2 point estimste, is related to the benefit-cost analysis
result. And, the second type, vhich may be defined as 2 range estimate,
refers to the sensitivity analysis set of ocutcomes. The latter result
is based on variations of the conceptual limitary frame set a2 priori for
the former benefit-cost analysis.

For decision-making purposes it is recommended to put emphasis om
the results of the semsitivity amalysis. These should be looked upon as
the most probable renge of values withim vhich the fully developed
Nazareth project result will fall. Im this respect, snalysts mey com=
pute an adjusted estimste of the outcome after their selection of the
rate of colonization, study period, rete of imterest and sccounting

prices considered.
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APPENDIX A

Basic Information for the Amslysis of the Nazereth
fiector Prospective Project

This appendix contains tables, calculstions, snd notes which were
taken into consideration end/or used im the anslysis of the Nezareth pro-
ject. It is composed of two parts. Part 1 is a brief general descrip-
tion of the Pilot project. Part 2 preseants the model references extracted
from the Pilot project end complementary sources which served for elab-
orating the prospective Nezareth project.

Part 1: Description of the Pilot Project

In October 1967 the Peruvian Wer Ministry in joint venture with the
Peruvian Institute for Agrerisn Reform end Promotion issued the results
of the first Pilot Project Study (12) for the Nazareth plamning sector.
The description of this Pilot Project may be accomplished through the

consideration of the subsequent relevant selected aspects.

1. Ohjectives

The objectives considered in the report are the following: (1)
Settle ammy discharged persommel amnd peassots of the area in agricultural
communities eccording to the agrarian reform procedures; (2) regulate the
actual land tenure system smong precsrious lend owmers snd nomed Indian
farmers and grant land property certificetes sccording to legal specifica~
tions; (3) comsolidete the esteblishment of humsn centers in the ares;
(4) incorporate 2,300 hectares for agriculturel purposes; (5) estsblish o
polat of departure for the 2.2 million hectares complete project; (6) greme
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technical, secial and economic aid to project bemeficlarfes; and (7)

{ncresse agricultural output fo the Pilot project ares and im the country.

2. Gepexrasl aspects

The Pilot project covers sm ares of approximstely 2,300 hectares
located st the right riverside of Mersnom River end at both riversides
of Imacits River (see Plgure 35).

Total populstion in the ares is of approximately 253 inhabitants.
There are potentisl fsmigration flows from high population pressure towns
in the North Coast regionm and important neighbering jungle towns. These
migration flows are restrained by the control exercised there by the Ammy.

The study area is of the tropical dry forest type. The mesn tempers-
ture is 75°7. It has & meen ammual reinfall of 118 inches uniformly
distributed throughout the year.

Soil classes according to USDA standards sve distributed as appear
in Teble 5 below,

Table 5. Pilot project axea distribution per soll class

US DA Arvea per soll clase
Soil Percent of
%M
Soils suited for cultivetiom Il 26.25 1.2
i1 783.60 34.2
i 1,347.33 58.9
Solls not suited for cultivatioa v 22.73 1.0
vii, viii 108,43 4.7
Total 2,288.34 100.0




| Figuve 5. Map of the Nassreth Pilet Project
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Land suited for cultivetion (soil classes II, III and IV) hae en
ares of 2,157.15 hectares or 94.3 perceat of the total area. Class IV
solls which represent more than 62 percent of the total land suited for
cultivetion are suited prefersbly for grezing purpeses. The remsining
ares (eoil classes 1I emnd III) is considered for growimg crops and cattle
raieing.

Forestry economic possibilities sre not significant. The limited
resources of this type eve restricted to the construction of rural housing
fecilities.

The existing road system connects the Pilot project area with the
jungle towns of Jaen, Begua Grande, and Bagus Chica. It slso gives
access to the North Cosst regiom by means of the Olmos-Maranon penetra~
tion road (see Figures 6 and 7). Alternative comsunicstion mesns are the
Mersmon, Chiriyacu, Imacits and other minor navigsble rivers.

3. Investment program

Total investment costs for the Pilot project amount to approximately
20.446 million Soles. This cost covers the comstruction of iafrastructure
(3.755 million Soles), urban (9.639 million Soles) snd on~ferm (7.053
aillion Soles) facilities.

Infrastructure facilities for the Pllot project comprehend (1) the
completion of 2 mein rosd connecting the agricultural community center
with the Olmos-Msranon penetration reed, (2) constructiom of a secondary
road system within the Pilot project ares, snd (3) the establishment of
& bordering system for defining individusl parcel limits.
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Investmeate in community facilities will provide for medical posts,
schoole, local govermment offices, parks, water, electric power, public
markets, public sgencies, housing, and other community center soclal and
economic requirements.

On=farm investments are for housing and minor farm structures, land
clearing, corrals, femcing, tools and equipment, semi-permanent crop
plantations, pastures snd livestock. Agriculture and cattle raising
relsted activities represent approximstely 29 percent amd 41 percent
respectively of totsal expenditures for on-ferm facilities.

Investment costs for commmity end infrastructure facilities are
distributed over the first three year period of the program. On-form
iovestments are allocated throughout s l5-yeer development period
beginning in 1967. Move than 43 percent of these outlsys occur im years
1967 and 1968.

4. Farmiog progrem
The farming program sspects selected here as velevant refer to the

size and type of farm umits, the programmed farming sctivitiles snd the
form unit production costs and receipts.

i. Porcel size The Pilot project complies to the Agrarian Reform
Lev regulations in determining the size of farms.

The Peruvian Agrarisn Reform Law in one of its articles defines the
form unit as the agricultural area which being labored by the farmer and
his femily, under reasonsble efficiency terms, fulfills the following
requirements: (1) absorb cll the pessant family laebor force without

requiring non-family lsbor assistance except in sessonsl periods when



crops demsnd transitorily more lebor asttention; snd evea then, this
excess lebor demand should not be grester tham 25 percent of the snnusl
family labor capacity. And, (2) reader the farmer a net income sufficiemt
for adequately supporting his family and allowing (or savings.

Considering the sbove, the Pilot project has determined two types of
farm unite according to their size. The first type meassures 15 hectares
and is designed for growing crops and swime production, i.e., this farm
unit undertakes & mixed enterprise. Ten of the 15 hectares would be comn-
stantly under production mesnvhile the remaining five hectares would be
sllocated smong rotation and lend reserve asctivities.

The second farm unit type measures 50 hectares and is designed for
enly cattle ralsing. Forty-five hectsres in pssture equivalent terms
supplies feed for 91 snimel units. The remaining area of 5 hectares is
for growing food crops for the farm and for votstiom and land reserve
ectivities.

ii. Parcel type The colonization progrem fncludes three types
of parcels, viz., types A, C and nn organized according to their land
capabilities. Types A snd C parcels measure 15 hectares each and are
designed for growing pinespples or bananas, and cessaves, es main crops,
and for swine production. There are 44 type A parcels snd 34 type C
parcels to be distributed smeng 78 settlers. Type D porcels messure
approximately 50 hectaves each. These are exclusively for cattle raising.

.. Type B lots were found to be economically unfessible by the pro-
Ject agency.
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There eve 6 parcels of this type which will be sllocated smong 6 settlers.
Lend distribution emong parcel types and total lamd used appear in
the report as in Table 6 below.

Teble 6. Pilot project srea distribution smong parcel types A, C, and D

Parcel Fumber of Parcel uait Total avea per
type parcels size type of parcel
(hectares) (hectares)
A bby 15 660C
c 34 15 510
P 6 50 300
Total land used 1,470
Total study area 2,288

Distribution of these three types of parcels smomg colonists is
performed sccording to the Agrarisn Reform Lew specifications. These
imply, for exsmple, that type D parcels will be distributed among colomists
having large families, previous experience in farm production, menageriasl
skills and other determinants.

iii. Farmipg sctivities Fermers in type A, C ond D parcels vill
be engaged i{n growimg various crops and pastures in varying land area
distributions as sppears in Table 7.

Crops have been selected sccording to their suitability with respect
to agrological snd veather factors and to their merketing end processing
poseibilities. Emphasis is put om primery processing as & necessery con-
dition for the successful performance eof individusl farm enterprises.



Table 7. Pilot project aree distribution smomg farm sctivities and per
typee A, C snd D parcels (hectares)

Farm sctivity Type A parcel Type C parcel Type D percel Pilot project
total ares

Pineapple L .- - 176
Bausnas 3 4 - 180
Cassava i 1 6.25 79
Corn 3 3 -- 234
Soybeans & 4 .- 380
Beans .- .- 0.2% 1.5
Vegetables 0.25 0.25 -- 19.5
Pastures 0.50 0.5 45.0 309
Land for yetation 3 3 0.75 238.5
Reserve land 2 2 3 174
Land for nomn-farming

sctivities® 0.25 0.2% 1 25.5
Parcel size® 15 15 50 1,470
Total fzrmed arvea 1,817.5

¢ Non-favming activities are associsted to meinly comstructiom of
housing fecilities.

® \dding colum figures does not yield totsls as appearing in the
parcel sise row due to crop sssocistion prectices.



Crop selection hes slso takem into comsideratiom factors such as short
cropping cycles, high rentebility, low loss probabilities snd siguificaat
financial opportumities.

Farming sctivities are expected to graduslly develop throughout »
15 year period. Mized enterprises would reach their maximum cutput at
the tenth year and csttle reising enterprises at the fourteeanth yeer of
the mentioned period.
Type A parcels
have an estimsted covelopment period of 10 yesrs. Ammuval costs and

iv.

receiptes for this period are listed im Teble 8. The empected sanusl net
femily income is arrived st in the temth yesr. Then, annual total costs
amount to 68.358 thousend Soles, gross receipts to 95.250 thousand Seoles,
snd net income to 26.892 thousand Soles. PFerm production costs include
peyments for labor and meterials. Comsumption at the farm level, deprecia-
tion and intevests ere also comsidered as farm costs. Gross receipts are
derived from sale of fazm products at prevailing market prices.

Type C parcels have aleo an estimoted development period of ten years.
Annusl coste and veceipts for this period are listed in Table 9. Ia this
year, total annual costs smount to 64.512 thousand Seles, gross receipts
to 79.550 thousend Soles, and net income to 14.738 thousand foles. 4As in
the sbove case, farm productiom costs include peyments for lsbor end
materials, consumption st the farm level, depreciation sad interest.

Gross vecelpts are derived from sale of farm products st preveliling mer~
ket prices.



On-farm Total
Sub-total Deprecistion Iaterests Costs
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Teble 8. Pilet project type A parcel umit investment, expenses and receipts (soles)”
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Table 8. (continmed)

Receipts®

Livestock
producticn Total

Agriculture
production

Years of
developsent
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Type D parcels develop during a lé-year time period before produc-
tion at full capacity is sttaimed. Annual costs and receipts for this
period are listed in Table 10. The expected snnual net family income 1is
arrived st the fourteenth year. Then, sanual total costs smount to 130,219
thousand Soles gross receipte to 327,750 thousand Soles and net income to
197,531 thousand Soles. Farm production costs include the same items a8
for the other two types of parcels. Equalwise, gross receipte apply to
market prices.

5. Settlement plan

The project comsiders that 84 coloniste will be settled in the Pilot
project srea in & two-year period starting fm 1967. 7ifty colonists will
begin producing in 1967 end thirty-four in 1968,

Part 2: Model References

This part of the Appendix comprises (1) referemces from the Pilot
project, (2) references from the project agency, end (3) additiomal
references.

1. References from the Pilot project

The farm unit cost data contained in Tablee 11, 12 and 13 were
extracted from the Pilot project and served for the synthesis of the cost
snd benefit structure of the Hazareth project. These datas are s corrected,
rearranged aund condensed version of the material coantsined in Tables 17,

19 snd 20 and Appendices 6, 8 and 9 of the Pilot project.
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Beprecistion Iaterests

Paymeats  On-form

Teble 10. Pilet project type D percel unit investment, expenses snd receipts (soles)
development Haterials for labor comsumption Sub-tetal
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Table 11. Perm unit production costs and benefits for the Nazareth project type A lots (soles)

Costs
Investment
Land Comstruc- Live- Equipment

Year
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2. References from the Projest Ageney

The unreported references utilized in the eynthesis of the Bacareth
project are relsted to (1) the comstrustion of rosd feeilities aud (2)
the establishment of urben centers.

The project agency comsiders that, for approximetely every 100
hectores incorporated to asgricultursl production in the Hazareth pro-
Ject, 1 kilometer of second class road facilities will be required for
inter-communicsting production centers with sssembling, storage, pro-
cessing and consumption centers. The unit Lovestment cost of this second
class rosd is estimeted ot 213.75 thousand Soles per kilemeter. And, its
aanuel meintenence cost st 7 percent of the latter figure, f.e., 14.94
thousand Soles per kilomster.

Also, the project agency estimetes that for the Nassreth project a
community center will need to be established for tentatively every 500
colonial femilies (or 2,500 colemists) entering the project. The estimated
{avestment costs for the establishment of one community center L2 9,639
million Soles.

3. Additional references

These refer to the base meterial for determining the eneillery and
the relevent Olmos-Nershon penetretion rosd segment eosts. For deter-
mining the smeillary costs appeering in Tsbles 20 end 21 of Appendix C,
the following references included in paragreph headings { through iv
were extracted from the Tingo Maris-Tocache project {11).
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i. Anmual gosts for sconomy stwdies The cost data comtained in
Table 14 below have been extracted from Appendix 27 of the Tingo Marie-

Tocache project report (11).

Table 14, Tingo Maria-Tocache project annusl cost for economy studies
(thousands of Soles)

Cost item Goles

Salaries and wages 480
Traveling expenses 114
Office expenses 36
Miscelleneous costs 20
Total snnual cost 750

The totsal labor estimated s» noecessary for the performance of these
cconcmy studies includes one economist for internetiomsl market affairs,
one economist for domestic market affsirs, ome asgricultursl ecomomist,
secretaries and office seeistants.

The smnual cost of 750 thoussnd Soles has been applied to the present
study as a high estimate. The three specislized economists proposed above
represent sn excess supply of akilled labor for the Nazareth project. It
may be sssumed for the present study that only one agricultural economist
would sufffice for performing the necessary economy studies. Thue the
aspplied ennual cost becomes a comservative estimste.
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i1. Agricultural experimentstion costs The ecost dets comtained
in Table 15 below have been extracted from Appendix 28 of the Tingo Marias-

Tocsche project report (11).

Table 15. Tingo Marie-Tocsche projeet sgricultural experimentation costs
(thousends of foles)

Soles

Investment cost 2,360
Office and housing facilities 1,860
Improvement of existing fecilities 1,000
Equipment 500

Ansusl maintenance and opersting costs 8,360

The fuvestment cost for the Nazareth project was sseumed to be 1.6
million Soles instead of 2.36 million Soles for two ressoms. First, as
there are no before-project facilities snd services of this type, the
fmprovement of existing facilities cost is mot applicable, thus reducing
the total fnvestment cost to 1.36 million Soles. Second, an arbitrary
safety margin of 240 thousand Soles was considered for raisimg the
reduged investment cost to 1.6 million Solee. On the other hend, metin-
tensnce and operating costs were aveiled with the same value for the
Nazareth project. To this respeet, it is coosidered that the station for
the Nazareth project will have the same operstive mechsnism ee that implied
io the Tingo Marie-Tocsche project agricultural experimentstion station.



114, Agricultursl promotiom gosts The cost data conteined in

Table 16 below were extracted from Appendix 30 of the Tingo Maria-Tocsche

project report (11).

Table 16. Tingo Marie-Tocsche projeet agricultural prometion costs
(thousande of Soles)

Soles

A. Por one agency
Iavestment cost (buildinge, housing feeilities,
scars, truchks, and office equipment) 600
Annual meintenance sod operatimg costs 507.6
B. For one sub-agency
Investment cost (buildings, housing facilities,
ears, trucks, and office equipment) 300
Aonusl meintensnce and operating costs 362.4

These costs were ascumed to be applicsble to the Nazareth pro ject.

iv. Pamm plegning costs From Appendix 29 of the Tingo Maria-
Tocsche project (11) « ferm plsaning unit ecost of 100 Soles per hectare
wes used for the Hesareth project. Mlmtllimruhlthm-
formance of sctivities such as (1) the design of lots including the forms
and location of all on-farm fnstallments, viz., houses, barne, and pigpens,
(2) the eleborstion of fineneisl and fmvestment progrems, (3) preparstion
of initisl economic rotatiom progreme, (4) genersl orgemizatiom of lot
units and (3) final reporting end instruetions.
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v. Roed gosts Vith respest to the additional road cost informe-
tion, the Army engineering bromch estimates thet the Olmos-Maramom penetre-
tion road segment corresponding to the NHazareth project ares hes an invest-
ment cost of one million Soles per kilometer. And, an snmual msintensnce
cost of 8§ percent of the latter umit investment cost, f.e., 80 thousand
Soles per kilometer.
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APPERDIX B

Estimates of the Need for Commmity Center and Road Facilities

1. Heed for community genter facilities
The project sgency determined & priori the establishment of three

community centers for the Nezereth project in additiom to thet of the
Pilot project. One coamunity center would be established for temtatively
every 500 family or farm units entering the project. Thus, the establish-
ment of the three additionsl urban centers is related to the vate of
settisment of the project. With theese consideratioms it wes estimeted im
this study thet the first sdditional eenter would be comstructed and
aveilable to the project efter the eleventh year when the cumulative
nomber of family wmits (or family sise lots) entering the project amouats
to 435 (see Table 18); the second additional center after the twemty-first
yesr when the cumulative number of femily units smounts te 9435, and the
third additional center after the thirty-first yeer when the cumulstive
sumber of femily units amounts te 1,410,

One observation meeds to be made concerning the sbove matter. The
project sgency made the demmnd estimate for these fagilities with respect
to a static population, disregarding 4its natural rete of growth of
approximetely 3 percenmt per amnum. Were this time relsted factor included

in these estimates the resulting populstion’ would resch 2,216 family

23 yithout considering migretion in the project ares which is
M‘::hu-awmmmmmathmd:m
focilit .
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units (or 11,080 colonists) by the end of the thirtieth year and 4,002
femily units (or 20,010 colonists) by the end of the fiftieth year of

the project. Thus, the estimeted total asupply of commmity center
facilities, i.0., four comsuanity centers, would be just sufficient only
until the thirtieth year. Aftervards, demand for this type of urban
services end facilities will have been duplicated by the fiftieth yesr
foplying a proportionsal smd progressive ealargement of the four programmed
community centers. This urbsn expansion signifies additional fnvestment
costs which have not been properly vegearded im the project. This omission
might be worth secording to the authors judgment ot least one half of the
sctual investment cost progremmed for these facilities, {.e., spproximstely
19 million Soles.

2. Meed for road fseilities

The vosd investment progrem for the Nazareth projeect is s appear: in
Table 17.

The snnual investwment outlays inmeluded im columam (1) of Teble 17 have
been thus defined in the Pilot project study. Similarly, the annual
favestment outlays included in column (3) of Table 17 have been thus
defined by the pertinent Army engineering branch. The snnuel lavestment
outlays included in columm (3) of Teble 17 have been defined and distri-
buted by the suthor after cousidering the following. Pirst, the estimete
made by the project agency for supplying one kilometer of resd facilities
for approximately every 100 hectares incorporated iate agricultural pro-
duction. And, second, the rate of coloniszetion of 1,000 hectsres per year
a8 assumed in this study for the Mazareth project. These considerations
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Teble 17. Projected road investment costs for the Hassveth projeect
{thousands of Soles)

Years Pilot project Hazareth project Olmes-Maranen Totel

area roed sub- area road sub- penetrat favest~

system cost syetem cost® road cost memt

cost

(1) (2) 3) (%)
i 192 - - 192
2 192 - - 192
3 635 - - 635
4 1,294 2,138 - 3,432
3 1,187 2,138 15,000 18,325
[ - 2,138 15,000 17,138
7 2,138 - 2,138
. 2,138 2,138
. 2,138 12,138
. 2,138 2,138
. 2,138 2,138
. 2,138 2,138
29 2,138 2,138
39 1,120 1,120
. Excluding the road sub-system corresponding to the Pilot project

srea.

» Road segment corresponding to the Hezereth project erea.

imply the necessary comstruction of ten kilometers of road facilitlies per
year, or aslternstively, sn annvel investment of 2.138 milliion Soles per
year given a unit investment cost of 2,138 thousand Soles per kilowmeter
of second class roads., These annual lovestments sre wmade Lo occur ahead

of next years' coming demand for these facilities.”® From Table 19 it is

o The sctusl rete of voad comstruction in the project area is

estimated {n 15 kilometers per year. Thue, the required comstructioa
rate of 10 kilometers per year becomes 2 conservative estimate.
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Table 18. Projected smnusl increment of farm units and their implicit
population for the Nazareth project, subject to & rate of
colontization of 1,000 hectares per year®

FParm uwmits
Year Anmual Cumulative Population
increment toral cumulative totsi®
l - - -
1 - - -
3 50 50 250
4 3% 84 420
5 51 135 675
6 51 180 900
7 51 231 1,155
8 51 282 1,410
9 51 333 1,665
10 si 384 1,920
11 51 435 2,175
12 51 486 2,430
13 51 537 2,685
14 51 88 2,%40
15 51 639 3,195
18 51 690 3,450
17 51 741 3,705
18 51 M2 3,960
19 51 843 4,215
20 51 894 4,AT0
21 51 945 4,725
2 51 956 4,980
23 51 1,047 5,235
24 51 1,098 5,490
23 51 1,149 5,745
26 51 1,200 6,000
27 51 1,251 6,255
28 51 1,302 6,510
29 51 1,353 6,765
30 5 1,410 7,020
. 51 1,410 7,020
. 51 1,410 7,020
S0 5 1,410 7,020

® one finsl goal of the project is the establishment of spproximetely
1,610 agricultural lots. Of these, 962 lots would be emgeged in mixed
enterprises meenvhile only 448 would be for exclusively ecattle raisiag.
The gradusl establishment of 1,410 lote fmplies a gradual incorporstion of
approximately 27,000 hectaves imto agricultural production. In this study,
a conservative sssumption estimates for the project a constant rate of
land incorporstion of 1,000 hectares per year. Or alternmstively, 2 comn-
stent rete of settlement of 51 farm lots per yesr. At this pace, the pro-
fect requires 30 yoars for fimally establishing 1,410 lots in the avea.

bl‘htm of natursl growth and migretiom flows heve not been tokem
into consideration.



Table 19. Projected land area snnusl expansion for the Nazereth project
subject to a rate of colonization of 1,000 hecteres per year

Year Ammual increment Cumulative totel
1 . "
z - -
3 925 925
& 545 1,470
5 1,000 2,470
6 1,000 3,470
7 1,000 &,470
8 1,000 5,470
9 1,000 6,570
10 1,000 7,470
11 1,000 8,470
12 1,000 9,470
13 1,000 10,470
14 1,000 11,470
13 1,000 12,470
16 1,000 13,470
17 1,000 14,470
18 1,000 15,470
19 1,000 16,470
20 1,000 17,470
21 1,000 18,470
22 1,000 19,470
23 1,000 20,470
24 1,000 21,470
25 1,000 22,470
26 1,000 23,470
27 1,000 24,470
28 1,000 25,470
29 1,000 26,670
30 1,000 27,470
- - 2,"’0
. 27,47
. 27,470
50 27,470




observed that the lend incorporstion rete of 1,000 hectares per year
begins in the fifth yeer following immedistely efter the last emnual land
incorporstion corresponding to the Pilot project. Thus, the first snnual
investment of 2.138 million Soles ocecurs in the fourth year. At this rate
of lavestment, 265.) kilometers of second class roads, costing 56.708
miliion foles, will have been built in o 27-year period for sn arves of
approximately 26,000 hectares.
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AFPEMDIX C

Supplementary Data for the Bemefit Cost
and the Sensitivity Analysis
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Table 25. Net direct costs and benofits for the Nazsreth project sub-
Ject to a rate of colomizetion of 3,000 hectares per year, o
study periods of 30, 40, 50 and 60 years, discount rates of
8, 10, 12 and 15 percent and at accounting prices

(thousends of Eoles)
Year Undiscounted Discounted at:
8% 10% 12% 15%
1 (2,7%4) (2,550) (2,504) (2,459) (2,395)
2 (3,262) (2,797) (2,696) (2,600) (2,466)
3 (16,744) {13,291) (12,579) (11,918) (11,009)
4 (24,176) (17,769) {(16,512) {15,364) (13,824)
5 (46,252) (31,479) (28,718) (26,243) (22,996)
é (46,908) (29,561) (26,479) (23,764) (20,278)
7 (24,166) (14,100) (11,273) (10,930) ( 9,084)
8 (16,173) (8,738) (6,859) (6,532) ( 5,287)
9 (8,233) (4,119) (3,179 (2,970) (2,341)

10 235 109 82 76 58

11 12,904 5,533 4,111 3,0 2,773

12 24,578 9,760 7,120 6,309 4,5%

13 43,066 15,835 11,339 9,871 6,998

14 86,362 22,59 15,687 13,378 8,37

15 86,470 27,255 18,816 15,798 10,627

16 90,498 26,416 17,900 14,760 2,674

17 100,861 27,262 18,144 14,675 9,370

18 114,662 28,688 18,747 14,906 9,265

19 127,785 29,607 18,988 14,836 8,983

20 135,947 29,180 18,366 14,098 8,306

21 147,229 29,25 18,079 13,633 7,818

22 173,006 31,832 12,3% 14,258 7,997

3 171,366 29,184 17,39 12,647 6,889

2% 179,646 28,298 16,962 11,825 6,263

25 181,932 26,562 15,264 10,698 5,531

26 181,608 24,553 13,856 9,53 6,7%

27 179,706 22,6499 12,454 8,028 4,133

28 179,33 20,784 11,298 7,514 3,587

29 179,549 19,265 10,288 6,718 3,124

30 Net present 178,217 17,714 2,285 3,982 2,691

worth when time
horizon is 30
yrs. 347,764 182,519 121,081 43,172

i 178,745 16,445 2,313 5,327 2,342

32 178,765 15,231 8,473 4,755 2,008

» 179,409 14,155 7,733 4,270 1,776

34 183,049 13,383 7,187 3,881 1,57

35 182,883 12,363 6,511 3,456 1,372

() 1Indicates negative values,.



Table 25. (Comtinued)
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Year Undiscounted Discounted ot:
8% 16% 12% 15%

3% 82,350 11,415 5,908 3,147 1,229
37 182,010 10,357 5,351 2,843 1,088
a8 182,276 9,788 4,867 2,548 951
39 182,919 9,00 4,645 2,257 816
40 Net present 181,949 8,370 4,021 1,947 673

worth when time

hordzon fs &0
41 182,718 7,784 5,673 1,787 610
42 186,236 7,356 3,408 1,650 533
43 182,824 6,673 3,035 1,452 are
(3 184,375 6,232 2,784 1,29 617
45 181,366 5,677 2,485 1,106 345
46 180,470 5,233 2,255 1,097 307
47 179,706 4,834 2,031 999 270
48 179,33 L, 45 1,847 904 233
49 179,549 hoi30 1,670 812 198
30 ¥et preseat 178,217 3,79 1,54 624 160

worth when time

horizon is 50

yrs. 524,722 271,000 167,237 60,603
51 178,217 524,722 271,000 167,237 60,605
52 178,217 524,722 271,000 167,237 60,605
53 178,217 524,722 271,000 167,237 60,605
54 178,217 524,722 271,000 167,237 60,603
55 178,217 25,4710 9,307 3,524" 810
56 178,217 25,671 2,307 Fou3L 810
57 178,217 25,471 9,307 3,524 810
58 178,217 25,47M 2,307 3,526 810
59 178,217 25,471 9,307 3,524 810
60 Net presemt

worth vhen time

horfizon 18 60

yre, 550,193 280,307 170,761 61,415

® These values were caleuleted wsing vailform series present worth

factoxs.
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Table 26. Discounted present worth of direct costs and besefits for the
Hazsreth project subject to & rate of colemizstion of 3,000
hectares per year, s study period of 60 years, a rate of dis~
count of 8 percent and at agccounting prices

(thousunds of Soles)

Year Undiscounted Discounted at 8%
Total Hot Total Het
cOBLE benefits 50888 besefits

1 2,75 - 2,550 -

2 3,262 - 2,757 -

3 4,695 {2,049 11,665 (1,626)
4 24,000 {176) 17,640 {129)
5 39,404 (6,848) 26,818 (4,661)
6 40,281 (6,627) 25,385 (4,178)
7 26,99 2,831 15,751 1,652
8 27,307 11,33 14,322 6,124
q 28,020 19,785 14,324 9,89

10 28,533 28,768 13,216 13,325

11 29,046 41,950 12,438 17,992

12 28, 550 53,128 11,337 21,087

13 23,479 66,345 8,670 24,469

14 22,143 88,505 74540 30,136

15 18,930 108,400 5,967 33,222

16 18,930 109,428 54967 31,942

17 18,930 119,791 5,967 32,379

18 18,930 133,592 5,967 33,465

19 18,930 146,713 5,967 33,993

20 18,930 15,877 3,967 33,221

21 18,930 166,159 5,967 33,016

22 18,930 192,026 3,967 35,313

23 18,930 190,296 5,967 32,407

24 18,930 198,376 5,967 31,284

23 18,930 200,862 5,967 29,326

26 18,930 200,338 5,967 27,112

27 18,930 198,636 5,967 24,869

28 18,930 198,264 54967 22,979

29 18,930 198,479 5,967 21,296

36 18,930 197,147 §,967 19,596

31 18,930 197,675 5,967 18,188

7] 18,930 197,695 54967 16,844

33 18,930 198,339 5,967 15,649

3 18,930 201,979 5,967 14,744

35 18,930 201,813 72,245° 13,642

36 18,930 201,280 72,245 12,600

37 18,930 200, %40 72,245 11,654

38 18,930 201,206 72,245 10,805

39 18,930 201,849 72,245 10,031

40 18,930 200,879 72,245 9,240
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Table 26. (Continued)

Year Undiscounted Discounted at 8%
Total Mot Total Het
—..S08Ls benefits coske . benafice

41 18,930 201,645 72,245 8,5%0
42 18,930 202,166 72,245 7,986
43 18,930 201,7% 72,245 7,364
o4 18,930 203,305 72,245 6,871
45 18,930 200,296 72,245 6,269
46 18,930 199,400 72,245 5,783
&7 18,930 198,636 72,245 5,343
48 18,930 198,264 72,245 6,937
49 18,930 198,479 72,245 &,565
50 18,930 197,150 72,245 4,565
51 18,930 197,150 72,245 4,565
52 18,930 197,150 72,245 &,565
53 18,930 197,150 72,245 4,565
54 18,930 197,150 72,245 4,565
55 18,930 197,150 72,245 28,1770
56 18,930 197,150 72,245 28,177
57 18,930 197,150 72,245 28,177
58 18,930 197,150 72,243 28,177
59 18,930 197,150 72,245 28,177
60 18,93 197,150 72,245 28,177
Present worth® 262,645 808,696

( ) Indiestes negative velues.
" 'MulmmMummmmmh
actors.

» The net present worth of costs and benefite yields 2 benefit~
cost ratio of 3.07.
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