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Appendix J: Logan tbmic Production Functions of Peruvian Haciendas 
and Bolivian Campesino Fa:rms 

A. Production Function of Bolivian Ca.mpesino Farms 

A sample of the camnesinos interviewed on the four Bolivian 

�e�x�-�~�~�c�i�e�n�d�a�s� were chosen for analysis.1 The equation-&elected to study 

the relationship between gross value output (income) and inputs was: 

y 

Y = gross value (pesos) of products sold and consumed 
X1 = hectares cultivated 
X2 = hectares in pasture 
X.3 = man-year equivalents of labor 
Xil = value {pesos)-of livestock capital 
bis = elasticities of production 

TABLE 1 

COEFFICIENTS OF OORREIATION OF THE FACTORS OF PRODUCTION FOR FOUR 
BOLIVIAN EX-HACIENDAS (percentage reaponse of value output to a 

one percent increase of the factors of production) 

Kl.asticities of Production Sta tistical 
Area Livestock Labor Area "F" Test 

Ex-Haciendas Cultivated Capital (man-years) Pasture on "R21! 

I • .39.3
b .489a • .358b .098c .31-

II ....... .400c • .395c .41.3 .647b r 
III .017 .515b .178 .0.30 6a 

IV - • .370 .180 .2.36 -7.857 1c 

Sum of four 
.296b Ex-Haciendas· .442a .46.3a -.019 41a 

aStatistically significant at the �1�~� level. 

bSta tistically significant at the �5�~� level. 
c 

1 �O�~� level. Statistically significant at the 

10f the total number, 98 campesino fams were selected on the 
basis of the reliability and completeness of their production information: 

Ex-hacienda I =.38 Ex-hacienda III = .30 
Ex-hacienda II = 15 Ex-hacienda IV = 15 
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~he derived production function f~r these c!!pesino farms of the 

four Bolivian ex-haciendas is: 

Standard Errors .09 .03 .10 .08 

If = • f:)J, 

The production function is useful in determining returns to scale and 

provides an indication of the long-run size which enables the lowest 

2" 
cost per unit of output. The logarithmic function expresses directly 

the production eJ.asti~i ties. Each e~onent (b1 >' shmn:: 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 (bls) is 1.18 which indicates slightly increasing 

returns to scale. Increasing all inputs by 1 ~ will increase output by 

1 .1S~. Although the results obtained for the input lIarea in pasture n 

(Xz) are not statistically significant, the indications are that an 

increase of this one factor by 1~ will not increase value output. 

Ano~~er use of tbis production function is the computation of 

marginal value products with the aid of the geometric mean values 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 inputs. If capital is limited, profit 

2For a discussion of these type production functions, se~ Cobb, 
Charles W. t and Douglas, Paul H., "Theory of Production," American 
Economic Review, 1S: 139-165. March, 19'1S. Bronfenbrenner, M., "Pro­
duction Functions: Cobb-Douglas, interfirm, intrafirm. If Econometrica, 
12: 35.J.t4. January, 1944-. Heady, Earl 0., Johnson. Glenn L. , Hardin, 
Lowell S. Resource Productivity, Returns to Scale and Fa.rm Size, Iowa 
:::state College Press (Aiiies. Iowa: 1956). 

.~ , .. 
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is maximized where the marginal value products are equal. If capital is 

unlimited. it will pay the producer to add inputs until the increase in 

" value product for the last unit added equals its increased cost. The 

estima ted marginal value products of the different inputs are given in 

Table 2. 

TABLE 2 

MARGINAL VALUE PRODUCTS OF THE FACTORS OF PRODUCTION ON THE FOUR 
BOLIVIAN EX.-HACIENDlS (additional value output for each one 

unit addition to the Ifaverage quantity" of input) 

a l.fa.rginal 
Inputs Average Amounts Value Productsb 

'-. 

Livestock capital $314.60 33 percent 

Hectares cultivated 1.1 hectares $88.71 per hectare 

La. 001' (man-years) 2.9 man-years $22.65 per year 

Hectares in pasture 3.0 hectares c 

a 
The "average amounts ll are the geometric averages of inputs on 

the campesino farms. 

~he marginal value products are computed by multiplying the 
regression coefficients (elasticities) for each input by a ratio of the 
geometric mean of gross output to the geometric mean of the specified 
input. The geometric mean value of gross sales is $220.80. 

cThe 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. 
~ 

analysis cannot be easily extended. 

Consequently, the rigor of this 
~ 

However, a £ew general comments can 

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

to cultivate a greater proportion of their saya~s since the marginal 
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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 pr~duction figure of $88.45 in Table 22 on 

page 88 of this paper, the implication is that an additional marginal 

increment o~ 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. 

Tne high percentage return on investment 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 campesino. Apparently this is a situation which merits 

the consideration of the credit extension agencies. The additional 

problem of overgrazing will be discussed later •• It need only be said 

that cultivated pastures are excellent substitutes for natural pastures. 

The important conclusion to be drawn from this marginal analysis 

is that increased cultivation of land, including 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 tecb.llological methods and size of farm, 

this reallocation of resources and investment would result in a greater 

value output (income). This would be more economical than increasi~~ 

all factors of production at the margin because of the lo~ marginal 

returns to pasture land and labor relative to cultivated land and live­

stock} Of course, marginal analysis can tell us nothing about the 

3nr. Dean F. Schreiner, an econo~ist wit~ the USAID Mission to 
Peru, did a similar anaJ.ysis or small rams 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. 
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effect of using advanced techniques of production or of doubling or 

tripling inputs. 

,B. Livestock Production Function of Peruvian Haciendas 

Unfortuna 'tely, only four haciendas were studied in the field, 

which is an insufficient number with which to compute a production 

function. Combining these four Peruvian haciendas with 18 others in 

the Department of Puno and 22 from the Departments of Pasco and Jumn -
in Central Peru enabled this writer to derive a livestock production 

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

able data. The equ::ttion used was of the form: 

y = a X bt 1 + xh2 
2 

+ 

Y = gross ..n.lue {in thousands of soles} of the animal products 
meat and wool sold and consumed 

11 = area of land in hectares 
~ = man-year equivalents of labor 
13 = value (in thousands of soles) of livestock capital 
bls = elasticities of production 

4 The 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 onyage 87 of this paper, these products only 
account for between 1 O~ and 20~ of all production on these estates. 
In addition, the inputs and output are exclu~ively those of the 
hacendados. 
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T.lBLE 3 

CQEFJ'lClDTS or OORRELlfiON 01 THE nc:roBS or PIOWClION lOR 44 PEBDVI11i 
BlCIDDlS (percentage response ot nlue output of' am_l ~cts to 0 

. a ODe percent increase in the f'actors ot production) 

EJ.s.stici ties of' Production 
Departmental 

'!OiaiLand Loca ti-on of' Livestock Labor 
Haciendas Capital. (u.n.. ;years) Area 

Punod 1.0~ .064 -.002 

Pasco aDd JTm1.ne .712b .498c .176 

Sa ot Haciendas .92~ .249c .0,52 

"Sta tisticall.7 sipi ticant at the 1 ~ level .. 

bsta tistically .sipit:i.cant at the ~ level. 

CSta tistical.ly sj pi ticant at the 1 ~ level. 

510& tis tical _,II T~t 
on - -

71 a 

14a 

98a 

dsource: Saaple Study of' HaciendAs in the Departaent ot Puna. 
Peru, incl1:ldi.Dg the tour haciendas interviewed • 

. ~ eSovce: Peru: Iaf'o!J!.ES!, el Institute de Bef'orsaa. Agraria Z 
eoJ.bm.sa.cictn. Dr. Abel Caldaron Vera (if.: IprU.1962). (Ullpllblish.ed..) 

The derived. production function tor these 44 Peruvian haciendas is: 

Y = -1.8.50 

Standard errors 

If- = .88 

x 0.0,52 
1 

.11 

~0.249 

.. 14 

x 0.927 
:3 

.13 

The limitations ot such a production f'unction are -D¥. Nevertheless. 
\, 

a nuaber ot interesting rel.a tionships are pposed. For e~e. the SUlIl 

ot t.b.e prCDChtctionel.astieities is 1.23. which iDd:icat.es incraa:sing 

f returns to soa.le. However,aore discussion lftSt await the COIlplltations 

ot the -.rgiDaJ. valu products of' the inputs. The estimates ot which 

are given in Table 4. 
/ . 



TABLE 4 

MARGINAL VALUE PRODUCTS OF THE FACTORS OF PRODUCTION OF THE PERUVIAN 
HACIENDAS (additional value output for ea.ch one unit addition 

to the "average quantit~ of input) 

Inputs. 

Livestock capital 

Labor (man-years) 

Total land area 

.... 

a Ayerage AmOU-'I'lts 

$73,065 

94 man-years 

9,808 hectares. 

• 
" Marginal ~ 
Value Productsb 

./ 
42 percent 

$86.91 
c 
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aThe "average amounts II are the geometric averages of inputs on 
the haciendas. 

bThe IImarginal value products" are computed b.Y multiplying the 
regression coefficients (elasticities) for each input" 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 $)2,790. 

cThe computed $.17 figure is not economically or significantly 
different from zero. 

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 example, 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 lm.rer than the 42" return on investment in livestock. 

But is it possible to increase the number of livestock without increasing 

the labor and land inputs? According to the Peruvian agronomists, the 

na tural pasture capacity maximum 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 resu,lt in the 

~- - -------
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destructioll of th8 _tural pastures. Thus. tM _ceaU.d.o"::~n increase 

their herds of sheep aDd. ca ttJ.e oDJ.7 it the,. siult&D.enal.;y iacraase their 

l.aDd. area or :blprcrre the existiDg pastures. the cost of &dcIitioDtl lUIits 

of laDd in tba DepartMnt of PuDo varies betnen $24 aDd. $.56 per hectare 

for hDd. capable of npport:s...g :; U.J..O.1s." Consequntq it would. DOt pa;y 

to add. Mctares of pasture laDd alone, aDd. increalliD« both liftstock aDd 

lam woald bave the eUect of greatJ..y redac:iDg the 42~ retarn to livestock 

inftstaent. This.t.:l.gure is .turtMr reduced' duo to the need. of ad.d.iDg 

labor to oaell incl'Ul8nt of lam aDd li.,.stock. Because the PeZ'1lV1an C!!p!--
.!!!!! aJ..ready bas in his care an a.,.rage of .500 U.l.O • .'s, it would. be 

extraely ditfical.t to inc.reasa the _bar ot livastock v.ithDut also 

increasiDg the muaber ot laborers. Presently, the bacieDdAs are efficiently 

utilising the labor <-.n-yaar) input since the estiaated. a&rg:1Da.l v.al.v.e 

product of $87 is :nearly equl to the estiaated _rg:i.Dal value cost of 
$10,5.6 A plausible solation to this apparent dll_ wnld be for ~ 

haceMados to :blprcrre their pasture lands by irrigation aM/or cultivation. 

Here again, .argiDal. aDll.ysis can prerld.e :no_clues as to the expected. 

return froa no:a-t.N.ditioDll. inpll:t.s such as fences, qualit,. livestock, aDd 

simil.s.r type capital. In addition, this anal.ysis does DOt provide any 

alaes to wba t .. cUon the haeiendas sbould take in respect to cuI. ti..,., tion 

of such crops as potatoes, gu.i.nul., etc. The. relatively bigh average val.ue 

productivity of such culUnted laM COIlbined with tba s.-ll 'n_bar of 

hectares cultivated does seem to iDdicate that an increase in this pro­

duction activit,. should be given consideration, however. ", 

Stbese prices are estimates of the value of tba laDd made by the 
otic1na Iac1o~ de l.a Bef'onsa Agraria in Pano. and the Cuerpo Tacnico de 
'lasaeiones de PerU. in Lima. 

~ est:1Ju. ted. 1U.rginal. value cost is the average JIloney wage per 
worker. see Appendix K. 

". 

\ 
I 



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

i 

HACIENDAS 

I· II III IV 

Gross Wages of 
Interviewed 
Cam'Oesinos 3,015 557 3,897 12,801 

Plus: Gross Wages 
of Campesinos not " -Interviewed 82 163 873 

3,097 557 4,060 13,674 

Less 4% Taxes 124 22 162 :fo7 

2,973 535 3,898 13,127 

Less Fees for Use 
of Pasture and 
Cul ti va ta ble Land 
of P..a.ciendas 1,592 720 

Net Campesino 
Wages 1,381 535 3,178 13.127 

220 

Total 

20,270 

1 ,118 

21,388 

855 

20,533 

2,312 

18,221 

--------- -. ---
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Appendix L: Distribution of Indebtedness of Those ~sinos 
Interviewed in Dollars 

PERU 

Campesinos Haciendas Total 

To Whom Number- Amount Number - -Amount- - -Namber -- - Jo.metu'lt 
Indebted in Debt of Debts in Debt of Debts in Debt of Debts .. 

Administra tor 5 150 5 150 

Friends and 
Neighbors 20 480 .... 20 480 

Families 8 280 8 280 

Businessmen 5 105 5 105 

Agricultural 
1 Banks 225 2 25,000 3 25,225 

f 

Total 39 1,240 2 25,000 41 26,240 

BOLIVIA 

Camnesino Cooperative 
Campesinos \EX-hacienda I o~~y) 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 6 43 ~ ~4,' 6 43 

BusinesStnen 2 24 2 24 
.; ~ ..,. 

Agri'cultural 
Banks 1 333 1 15,825 2 16,158 

Total J4 657 1 15,825 35 16,482 

~ 
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Appendix H: Distribution of School Attendance in the Bolivian 
Ex-Haciendas and Peruvian Haciendas Sampled. 

Per u Bolivia 

ColI1- Com--. Male·· Female -hi-ned . HaJ.e . Ferns.] e .... bined --- -. ---

Nmnber of persons who 
are attending or had -.---
attended school 220 91 311 253 116 .369 

Number of children -presently attending 
67 ?o2 182 school 135 125 57 

v 

Number of school-age 
children (between 
6-17 inclusi va ) 179 156 335 165 144 309 

Highest Education .Achieved of those Who .Are .AttelXling School and 
Thosi:t Who Had. Attended School of Bolivian 

and Peruvian Ca.!pesinos Interviewed 

Number of School Years Completed 
Number of 
Persons 1 2 3 4 5 6 7 8 9 10 11 12 

Peru 
M.ale 94 48 26 16 20 5 4 1 3 2 1 

Female 61 19 3 6 1 1 
Combined 155 67 29 22 20 5 5 1 3 3 1 

Bolivia 
:Male 58 44 47 35 30 36 2 1 
Female 53 31 22 6 3 ---1 
Combined 111 75 69 41 33 37 2 1 

t· 



.lppe.nd1x I: BoliTia. • II Po.t.-lI8nlutioDar7 PetroleUJI IMustr;y 

the Pet.rol.na Cod.e ot 19.56 ... it possible tor a DlJIIber ot 

intematioul oil e,.,.n:i.es. such as StaMard. Sbell. aDd ~ to 

_»gage in the aploit&tion of BOJ.:bia I s larpl.y-u:tappe4 oil reserns. 

Deval.opaental loans alBo aacle possi1ll.e the __ traction td re.t.i.Darles 

and. pipeliDes, as ... 11 as a general expansion of t.he Y.P.F •. B., Bolida's . . 

natioDll. oil c~. The result was an increase in the naticmal. out.­

put sufficient to .. t tbe increased Dteds cd t. nation aDd. even to 

export a SIIIll n.rplus. Howner, the tr.end.ous 1nCl'ease of ~ last 

decade bas slowed up 1ft recent years. 

Cru.d.e Ia~ned 
Output Output Exports 

1952
a 100 100 100 

1953 114 102 91 
19.5'1- )22 )49 116 
1955 512 475 173 
19.56 608 627 957 
1957 680 571 1.552 
1958 6,54 527 1,720 
1959 603 49) 1,195 
1960 680 505 1.420 
1961 569 S01 874 
1962 435 606 598 
1963 625 .598 81+7 
1964 609 657 350 

aIn absolute figures, Bolivia produced 8".586 emMa aeters ot 
crad.e oil a.Dd re.t:1ned 71.24) eu.bic aetars of this aaount in 19.52. 
Exports totaled. 12,136.000 liters. 

Source: Bal1:ri.&, BaZ1co Central. de Bolivia. Seccion Estudios 
Eco~cas y BsV.d!stic&, Bolet!n Bsta.d!stico. #17', Decaber, 1965, 
pp • .50-51. 
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