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The gerived production function for these campesino famms of the

four Bolivian ex-haciendas is:

2 -0.019 0.296 0.463
Y = 3.918 11044 X, X, X,

Standard Errors .09 «03 .10 08
= .6

The production function is useful in determining returns to scale and
provides an indication of the long-run size which enables the lowest
cost per unit of output.Z.The logaritmic function expresses directly
the production elastiqit;es. Each exponent (b1§ shows the percent by
which production (Y) increases for each 1% increase in the use of a
particular resource; the sum of these exponents indicates the percentage
increase in output when all resources are increased by 1%. The sum of
the elacticities (b's) is 1.18 which indicates slightly increasing
returns to scale. Increasing all inputs by 1% will increase output by
1.18%. Although the results obtained for the input "area in pasture®
(Xz) are not statistically significant, the indications are that an
increase of this one factor by 1% will not increase value output.

Another use of this production function is the computation of
marginal value products with the aid of the geometric mean walues of the
variables, The marginal value product is the increase in the total value
product gained by adding another unit of a particular input. Thus, it is
an estimate of the earning power of imputs. If cepital is limited, profit

2For 2 discussion of these type production functions, see Cobb,
Charles W., and Douglas, Paul H., "Theory of Production,® American

Beonomic Beview, 18: 139-165, March, 1928. Bronfenbrenner, M., "Pro-
duecltion Functions: Cobb-Douglas, interfirm, intrafirm.? Econometrica,
12:  35-4%, Janvary, 1944, Heady, Earl O., Johnson, Glenn L., Hardin,
Iowell S. Resource Productivity, Refurns to Scale and Farm Size, Iowa
State College Press {(Ames, lowa: 1955;.
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is maximized where the marginal value preducts are equal., If capital is
unlimited, it will pay the producer to add imputs until the increase in
value product for the last unit added equals its increased cost. The
estimated marginal value products of the different inputs are given in
Table 2.
TABLE 2
MARGINAL VALUE PRODUCTS OF THE FACTORS OF PRODUCITON ON THE FOUR

BOLIVIAN EX-BACIENDAS (additional value output for each one
unit addition to the Maverage quantity® of imput)

.. a Marginal
Inputs Average Amounts Value Products_
Livestock capital $314.60 33 percent
Hectares cultivated 1.1 hectares $88.71 per hectare
Labor (man-years) 2.9 man-years $22.65 per year
Hectares in pasture 3.0 hectares -¢

a . .
The "average amounis! are the geometric averages of inputs on
the campesino farms.

Prhe marginal value products are computed by multiplying the
regression coefficients (elasticities) for each imput by a2 ratio of the
geometric mean of gross outpul to the geometric mean of the specified
input. The geometric mean value of gross sales is $220.80.

SThe computed negative $1 figure is not economically or signif-
icantly different from zero.

The costs of these inputs for the typical campesino are not
market prices, but opportunity costs., Consequently, the rigor of this

* .
. . ’ <
analysis cannot be easily extended. However, a few general comments can

be made. The indications are that it would pay the Belivian campesinos

to cultivate a greater proportion of their saya¥as since the marginal

oy
N
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value product of pasture land is zero while that of the cultivated land
is $88.71. Although this last figure was not computed from the same
sample as the average value production figure of $88.45 iﬁ Table 22 on
page 88 of this paper, the implication is that an additional marginal
increment of land under cultivation would not decrease the average
return., Of course, increased cultivation would require additional
labor. But labor is not being fully utilized on these small farms.

The high percentage return on invéstment in livestock seems to
indicate that investment in livestock would be profitable. The problem
of obtaining credit is, unfortunately, insoluble from the point of view
of the individual caggééino. Apparently this is a situation which merits
the consideration of the credit exiension agencies. The additional
problem of overgragzing will be discussed later. It need only be said
that enltivated pastures are excellent substitutes for natural pastures.

The important conclusion to be drawn from this marginal analysis
is that increased cultivation of land, inclﬁding forage crops, combined
with investment in livestock could result in a fuller utilization of
labor. This, in turn, would give rise to a greater marginal value
product of labor. With existing technological methods and size of farm,
this reallocation of resources and invesiment would result in a greater
value output (income). This would be more economical than increasing
all factors of production at the margin because of the low marginal
roturns to pasture land and labor relative to cultivated land and live-
stock.3 Of course, marginal analysis can tell us nothing about the

3Dr. Dean ¥, Schreiner, an economist with the USAID Mission to

Peru, did a similar analysis of small farms in the Department of Puno.
Many of his findings are remarkably close to those above. See Recursos

"Naturales del Departamento de Puno, pp. 58~98.

ﬁé'
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effect of using advanced techniques of production or of doubling or

tripling inputs.

.B. Livestock Production Funetion of Peruvian Haciendas

Unfortunately, only four haciendas were sindied in the field,
which is an insufficient rumber with which to compute a production
function. Combining these four Peruvian baciendas with 18 others in
the Department of Puno and 22 from the Departments of Pasco and Junin
in Central Peru enabled this writef to derive a li;estock’production

- 4
function for 44 Peruvian haciendas. This is the dictate of the avail-

able data. The equation used was of the form:

2o, 1B

- by
Y = =2 X1 + XZ 3

Y = gross value {in thousands of soles) of the animal products
meat and woel scold and consumed

area of land in hectares

man-year equivalents of labor

»d
(oY)
nunonn

value (in thousands of soles) of livestock capital
blg elasticities of productien

QThe exclusion of all cultivated products and animal products
- such as cheese and hides restricts the usefulness of this function,but
as seen in Table 21 on page 87 of this paper, these products only :
account for between 10% and 20% of all production on these estates.
In addition, the inputs and output are exelusively those of the
hacendados.
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TAELE 3

COEFFICIENTS OF CORRELATION OF TEE FACIORS OF PRODUCTION FOR 44 PERUVIAN
EACIENDAS (percentage response of value output of animal products te ,
' a ome percent increase in the factors of preoduction)

et e e — L — o — ————— ———  —— ———  _—— ———
Elasticities of Production

Departmental I Statistical
Iocation of livestock Iabor Total 1and . "F* Test
Haciendas Capital (man-years) Area on "R®
Punc? 1.057* 06k -.002 718

Pasco and Junfn® .712P 98¢ 176 142

Sum of Haciendas 272 .2h0% .052 982

d3tatistically significant at the 1% level.
bStatistically significant at the 5% level.
°Statistically significant at the 10§ level.

d3curce:; Sample Study of Haciendas in the Department of Puno,
Pern, incleding the four bhaciendas interviewed.

2

, ®Seurce: Pern: Inforpe para el Instituto de Reforma Agraria y
Colordzacidn, Dr. Abel Caldaren Vera (iima: April, 1962). (Unpuklisked.,)

The derived production function for these 44 Peruvian haciendas is:

T = -1.85 x, 0.052 xzo.%? 130.94'2‘?
Standerd errors 11 JAb .13
P = .88

The limitations of such a produnction function are many. HNevertheless,

a rmmber of interesting relationships are exposed., For example, the san\
of the production elasticities is 1.23, which indicates inereasing
returns to seale. Howsver, more discussion mmst await the computations
of the marginal value products of the imputs. The estimates of which
are given in Table k. |

.
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TABLE 4

MARGINAI VALUE PRODUCTS OF THE FACTORS OF PRODUCTION OF THE PERUVIAN
HACTENDAS (additional value output for each one unit addition
to the %average quantity® of inmput)

—
e —

- _ . . Marginal ™
Inputs _ Average Amounts Value Products
Livestock capital $73,065 o b2 §ercent
Labor (man-years) 9% man-years $36.91
c

Total land area 9,808 hectares -

s -

#The "average amounts" are the geometric averages of inputs on
the haciendas.

bThe "marginal value preducts®™ are computed by multiplying the
regression coefficients (elasticities) for each inpu® by a ratio of the
geometric mean of gross output to the geometric mean of the specified
input. The geometric mean value of gross output is $32,790.

®The computed $.17 figure is not economically or significantly
different from zerc.

It would seem that rational economic behavior dictates a greater
investment in livestock because of its high return. These estates are
not greatly limited in their access to capital. For exampls, the four
haciendas studied in the field had a total indebtedness of only $25,000.
The annual interest rate at the Bolivian Agriculture Bank is 9%, which
is substantially lower than the 42% return on investment in livestock.
But is it possible o increase the number of livestock without inereasing
the labor and land inputs? According to the Peruvian agronomists, the
natural pasture capacity maxirmum U.A.O. per hectare in the Department of
Puno is 2.1 and is as low as .06 on non-irrigated, high grazing land.
Since the U.A.O. density is nearly 3.0 on these haciendas, these lands

are presently being overgrazed which, in the long-run, will result in the
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destruction of the natural pastures. Thms, the hacendades'tan increase
‘their herds of shesp and cattle enly if they simnltaneeusly increase their
land area or improve the existing pastures. The cest of additionmal urmits
of land in the Department of Puno varies batween $24 and $56 per hectare
for land capable of supperting 3 U.A.O.’s.s Censequently it wonld not pay
to add hectares of pasture land alone, and increasing beth livastock and
lard would have the effect of greatly reducing the 42% return te livestock
investment. This figure is further rednced due to the need of adding
laber te each increment of land and livestock. Because the Peruvian campe-
sino already has in his care an average of 500 U.A.0.'s, it weuld be
extremsly difficalt to increass the mumber of livestock witheut also
increasing the number of laborers. Presently, the haciendas are efficiently
atiliging the labor (man-year) input since the estimated marginal value
product of $87 is nearly equal to the estimated marginal value cost of .
$105.6 A plansible solution to this apparent dilemms weuld be for the
hacendados to improve their pasture lands by irrigation and/er ecultivation.
Bere again, marginmel analysis can provide no clues as to the expected
return from non-treditional inputs such as fences, quality livesteeck, and
gimilar type eapiial. In additien, this anslysis does not provide any
clues to what action the haciendas should take in respect to enltivation
of such crops as potatoes, guinua, etec. The relatively kigh average value
productivity of sach cultivated land combined with the small number of
hectares cultivated does seem to indicate that an imecrease in this pro-
duction activity should be given consideration, however. -

5These prices are estimates of the valne of the land m&de by the
Oficina Nacienzl de la Reforma Agraria in Puno, and the Cuerpe Tecnice de
Tasaciones de Perd in Lima,

6The estimated marginal value cost is the average money wage per
worker, see Appendix K.




Appendix K: Peruvian Campesino Wages in Dollars
(including those campesines not interviewed)

220

HACTENDAS
I II 11T Iv Teotal

Gross Wages of ;
Interviewed
Campesinos 3,015 557 3,897 12,801 20,270
Plus: Gross Wages
of Campesinos not _ 5 -
Interviewed 82 - 163 873 1,118

3,097 557 4,060 13,674 21,388
Less 4% Taxes 124 22 162 7 855

2,973 535 3,898 13,127 204533
Iess Fees for Use
of Pasture and
Cultivatable Land .
of Haclendzas 1,592 - 720 - 2,312
Net Campesino :
Wages 1,381 535 3,178 13,127 18,221
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Appendix L: Distribution of Indebtedness of Those Campesinos
Interviewed in Dellars

PERU .
Campesinos Haciendas Total
To Wnom Number Amount HNumber - Amoumt- - —Rﬁ&:er' - ~Ameunt -

Indebted in Debt of Debis in Debt of Debts in Debt of Debts

-~

Administrator 5 150 - - 5 150
Friends and
Neighbors 20 480 - - - 20 480
Families 8 280 - - 8 280
Businessmen 5 105 A - - 5 105
Agricultural . .
Banks 1 225 2 25,000 3 25,225
Total 39 1,240 2 25,000 LY 26,240
BOLIVIA

Campesino Cooperative
Compesinos (Ex-bacienda I only) Total
To Whom Number Amount  Number Amount Number Amount
Indebted in debt of debts in debt of debts in debt of debts

Friends and :

Neighbors 25 257 - - 25 257
Families é 43 N 6 3
Businessmen 2 _ 24 , - - 2 24
Agricultural !

Banks 1 333 1 15,825 2 16,158

Total 3 " 657 1 15,825 " 35 16,482
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Appendix M: Distribution of School Attendance in the Bolivian
Ex-Haciendas and Peruvian Haciendas Sampled -

|

Peran Bolivia

Com-~ Com-
. ~ .. Male. -Femsle -bined . MaJe . Female .. hined

Number of persons who
are atiending or had _—
attended school 220 91 311 253 116 369
Number of children

presently attending 5 )

school 135 67 202 125 57 182
Number of school-age

children (between

6-17 inclnsive) 179 156 335 165 14 309

Highest Education Achieved of those Who Are Attending School and
Thoss Who Had Attended School of Bolivian
and Peruvian Cempesinos Interviewed

r—— e—
-

Number of School Years Completed

Nuomber of

Persons t 2 3 & 5 6 7 8 9 10 i1 12
Peru

Male o 48 26 16 20 5 L 1 3 2 1
Female 61 19 3 6 - - 1 - - 1 -
Combined = 155 67 29 22 20 5 5 1 3 3 1
Belivia

Male 58 44 47 35 30 36 2 - - - 1
Female 5 3 22 é 3 1 - - - - - -
Combined . 111 75 69 &1 33 37 2 - - - 1 -

)



Appexdix H: Bolivia's Post-Revolutionary Petroleum Industiry

The Petroleum Code of 1956 mede it possible for a number of
international oil eempanies, such as Standard, Shell, and Gulf, to
engage in the exploitation of Beliviat's largely-untapped oil reserves.
Davalopmental loans also made possible the constrnction of refineries
gnd pipelines, as well as a general expansion of the Y.P.F.B., Belimfs
national oil company. The result was an increase in the natiomal ount-
pat sufficient to meet the increased needs of the nation and even to
export a small surplus. However, the tremendous inchease of the last
decede has slowed up in recent years.

PRODUCTION AND EXPORT INDICES OF FETROLEUM 1952 10 1964

MR —— — ——— — S ——
= e———— — ——— - ——

Crude Ragined

Cutpat Output ] Exports
19522 100 100 100
1953 114 102 91
1954 322 349 116
1955 512 k75 773
1956 608 627 957
1957 680 571 1,552
1958 6% 527 1,720
1959 603 k93 1,195
1960 680 505 1,420
1961 569 501 874
1962 k35 606 598
1963 625 508 847
1964 609 657 350

2In absclute figures, Bolivia producsd 83,586 enhic meters of
crude oil and refined 71,243 enbic meters of this amount in 1952,
Exports totaled 12,736,000 liters,

 Source: Rolivia, Banco Central de Bolivia, Seccién Estudios
Econdmicas y Estadistica, Belet{n Bstad{stico, #173, Decsmber, 1965,
FPe 50—51 -

<
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