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Acontinuingwso ial pro-

"'Eco omicvfevelopmeuthrefers to "

};cessvfesding to}suprogressive increase in aversge;output per'head "
ﬂ?among the people in a society."}‘ A per cspits measure ie used be=
:;cause for an increase in output per person to occur, it is necessar
;ifor total output to increase faster thsn populetion. .Belshaw's def
Yfinition refers to a process because economic deve10pment is contin-
f{uous over time snd is not a single improvement.’ It 1s social becau
“there is not only an increase in physical output, ‘but. also changes
ffthe technical snd institutional arrangements of the economic struc-
%?ture of an economy.;ii:_f,'b”' | ;‘ o

| Agriculture is an important sectur in the development process
fﬁbecause in the early stages of development, 60 to 80 per cent of th
;»population is engsged in agriculture and 50 per cent or more of na=
l}tional income is generated in the agricultural sector.2 Since the

'majoritynof.the resources,of a country lie in the sgricultursl

: 1Horace Belshaw, Agricultural Credit in Economicallx Underde-f
geloged Ccuntries (Rome: FAO Publication, 1959), p. 5.‘ ﬁ-i B

2John W Mellor, The Economics of Agricultural Develoggent
(Ithaca, New Yozl Cornell University Press, 1966), pp. 3-17.r_;‘



é'
jﬁé@tpr,'the cont:ibﬁtiﬁgwaaér{cultﬁre”tﬁvétd'déVelopﬁé@g 15 of ut~
,ﬁéét'importance in det§fﬁiﬁipg'tH§‘rate of develOpment,of.tﬁe entire
economy, o |

| : Inasmh§h ae,in¢iégsedfoqtbdt 1s the basic goal of economic de-
veibpﬁéht;,it}isyapéfoﬁriate7t§-étate the determinanté of the‘level
u6f59ﬁ€§§t} «Ié is commonly accepted that output is a function of cer-
'ﬁgiﬁ;input variables.> Disagreement begins when an attempt is made
tp}sﬁeéify these variables, The most copmon variables considered are
ldbor,,cﬁpital, natural resources, and technology.

"ih the view of ﬁany economists, capital occupies the central
_posiﬁioﬁ in the theory of economic dévelopment,"4 Kindleberger
-dﬁbteb’many economists who state that capital occuples the "key" role
iﬁithe deVEloﬁment process, but he quotes equally as many who ques~
tion the tmpctﬁaﬁcé of capital as a "key" factor in development. It
wbpld be deceiVing to single out capital and conclude that economic
developmeng is ﬁhe result of only thia one variable, MHevertheless
*tﬁefim§organ¢g 6£7the role of capital in making possible higher
«5§Qéﬁ¢§i§it& ana higher incomes per person should not be disregarded,
 ?§:‘f@?fia:ﬁot qh1jtcentra1 to the process of development, but it is

_ggiséjgﬁétfaﬁééic factor;in the economic devglopment of an economy.

3'71,',3For example, see Paul A, Samuelson, Economics, An Introductory
" Analysis (Wew York: McGraw=Hill Book Co., 4th Edition, 1958), pp.

' '501=521; John A, Schumpeter, The Theory of Economic Development (Mew
York: Oxford University Press, 1961), pps 3=56; and Milton M. Snod=.
. grass and Luther T, Wallace, Agriculture, Economics, and Growth (New
York: Appleton~Century-Crofts, 1964), pp. 15~19. .

.M4cha;1es;P; Kindleberger, Economic Development (New York: M&%;if}



WfIt ie'inherent in the definition of underdeveloped countries .

evel of capital usekis low when compaled with deveIOped
| ‘ ‘”,h”ﬁue to the relative scaroity of" capital, producers look f
;}i,: redit as a.methcd of. obtaining addicional capital. Any refer-
L:ance to capitel in the remainder of the paper is meant to imply cap- :
'iital made evailable through the use of credit. Credit is the " e
jﬁability to command the capital of another in return for a promise to
f;pay at some specific time in the future."5 | | |
b‘ As Hirschmsn pointed out, "We can now begin to. consider -one of
yithe mo ticruoial problems in development theory and policy. that of
Klinvestment choices."6 The scarce resource capital, in the form of
5d:oredit must be Optimally allocated.

| The supply of and demand for credit in agriculture and other
f?sectors of the economy are basic considerations for the development
lgmplanner.. The problem is. given a limited amount of investment re=
,;ﬁsourcee and various investment alternatives whose total cost exceeds

?ffthe evaileble resources, how are the best alfernatives selected that

’;:will make the greatest contribution relative to their cost?’

,r~->~f:5William Ge Hurray and Aaron Ge Nelson, Agricultural Finance
- (hmes, Iowa: The Iowa State Univezsity Press, 4th Editilonm, 1960),
: '.,:.’;‘fp. 360 ’ . _

ST 6Albert O, Hirschman, I he Strategy of Economic Development (New
,,vhaven. Yale University Press, 1959), p. 76.

L Tmads




| iﬁ;é)pgsiﬁ'beGiém{can‘bé stated as an investment decision at
threed:l.fferent levels of the ecouomyt- -~
"i; Aﬁ\éﬁe=§aﬁi§hélvlgvel (ﬁhg‘total amount of 1nVe8tmént to be
.médéqut of,tﬁb%Cutféht 1ncc¢é, of-mbte.aimply, the per cent of gross
.ng€i§ngllpfqdﬁ¢£,dévoted“to gross investment).
| ‘ 2}"A£'the sector level (the distribution of this gross in-
vestment’among the major gectors of the economy) .

3; At the un%t level (the distribution of the investment of the
sector under consideration among the individual firms that make up
the sector),

This study is especially concerned with the agricultural sector
of the éconoﬁy; therefore, most of the consideration will be limited
to the second investment decision (at the sector level), Planners
must make judgments as to how much additional investment credit is
required to obtain a target rate of growth for the agricultural sec=
tor, These practical needs of planners have led to the development
of invegtment criterfas The relationship between capital and output
is one such criterion that provides planners with a tool which en-
ables them to make decisions as to the investment required to attain

‘a certain rate of growth.

Objecttves

,The;gégéfal»objgctive of this study is to develop a technique

L odma e L e e et T . e ke ee At e __eWw ___.__ __a ~ L AN



ilevelvof investment redit necessary to obtain a: desired

fgrowth in output for th agricultural sector. The more specific ob- S

ajectives are‘as followa. .<' .

Toilurther develop and to refine the use of the capital-{i
.outputvrelationship for the agricultural sector. » o
”}};2. To develop methods for treating other variables ‘a8 modi-
ffications of the above capital-output relationship for the agricul=
ftural sector. |

“;;133. To illustrate the application of the refined capital-output
relationship, above, through use of sample data for the agricultural

sector of Ecuador.

As the first step (Chapter II), through the review of literature
ion the subject, the role of the capital-output relationship in growth
models as currently conceived, is established.

'i' As the second step, reported in Chapter I1I, the basic capital-
‘output‘ratio is refined through consideration of various forms of the
7ratio, their applications, and identification of problems involved in
ftheir measurement and use. | k

N The third step, Chapter IV, consists of adjustment of the cap-

;ital-output ratio for selected primary variables other than capital

fand’output._ f3'*i'

Asfthe final step (Chapter V), following refinement and adjust-f ‘

iment'of the ratio, the application of the ratio will be demonstratedgpgf

‘sv'gidata from Ecuadox's agricultural sector.




CHAPTER II

W

THE REﬁATIONSHIP OF CAPITAL TO OUTPUT
~ IN THE GROWTH MODEL

Thérevhas‘been incfeased emphasis on the impoftance of main~
taining high growth rates in the economies of underdeveloped coun=
tries, Economic growth is intended to mean a physical increase in
oui:put,1 and makes no attempt to evaluate other changes that might
accompany this physical increase.

Since this discussion is limited to the interrelationships be=-
tweeﬁ capital and output, the prﬁmary concern is with growth, or as
statéd above, a physical increase in output, Even though the pri-
mary consideration is éith economic growth, it is recognized that
growth is a vital part of development and that development involves
more than just an increase in physical output.

A Joint Economic Committee of Congress2 has defined economie
growth as "the expansion of a nation's capability to produce goods

and services its people want," Recognizing that expansion of a

IThe distinction intended here between development and growth is
that development includes also the technical and institutional ar=
rangements by which the output is increased; vhereas, growth con=
aiders only the physical change in output, (Op. cit., Kindleberger,

v,Po 3)

, 2Joint Economic Committee, Congress of the United Stateé;thAffZ?;
»Re ort on_ Em 1o ent Growth and Price Levels, Washington, 1960,,




fgand’ o vxplain‘the process of growth. Economists are attempting to

\fidentify;thJLdete*minants of increasing output potential and to ana-; -

'he;effects of the change. 5;

._vThere have been numerous grovth models developed overuthe past
f¥years.' These models have been attempts to define. variables that de-
ézfine the nature of the process of economic growth. Kindleberger
gistates that the purpose of any economic model o ¢ & "is to illustrate,
f{the causal relations among critical vaiiables in the real world,
%estripped of- irrelevant complexity, for the sake of obtaining a
i{clearer understanding of how the economy operates, and in some for-
’_mations, in order to manipulate it."3 ,

E Keynesian economics is interested in utilizing fully the labor
ﬂiand capital stock already available to achieve a full-employment |
jfequilibrium and Spentllittle time exploring the concept of increasing _

:goutput capacitﬁithrough additonal investment.4 Since that time,:,n.f-

3Kindleberger, _2. cit., Pe 40.

C{ Peterson, Encome, Employment and Economic Grow
I. W. Norton and Co., 1962), PPe 472-75.., ' p
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;;other economists have incorporated the concept of expanded output ca-“v';
ERSE 5 o

" P ity into the Keynesian model. Harrod and Domar6 have probably

E?contributed the most- toward developing a post-Keynes an growth. the- _;_'
‘y “f’Harrod and Doaar basically agree upon the key role of inveat-;‘
'lment in the growth process. They both emphasize that the size of the<
Ecapital stock ahould bear some relationship to output. Polak7‘was
'ythe first economist to basc policy on the criterion of the capital—

: output ratio, but the Harrod and Domar models are considered aa the

;origin of the use of the capital-output ratio as a device for the 5”

{:comparison of the relationships between capital and output in a
‘fgrowth theory. Originally they were interested in the business cyclep
,ifor developed countries, but the concept has been transferred to
igrowth problems in underdeveloped areas.

| Domar ‘went’ beyond the Keynesian assumption of fixed productive
' capacity and examined the effect of an increase in the quantity of
”the stock of capital on output.~ The distinguishing characteristic ofj“
,1Domar 8 model ia that net investment raises productive capacity and
’thus causes the economy to grow. He then examines the rate at which p'nlL

~income must grow 1£ full employment is to be maintained, assuming the;]fi

:[ =;a.5n. F. Harrod, Towards a: Dygamic Economic (New York. ﬁacmillanjfﬂ{

‘F6Eusey D. Domar, Esaazs in the Theorz of Economic Growth (London

,,,,,

e 7J. J. Polak, '"Balance of Payment 'flcountrie Reconstructing
«iwith the Help of Foreign Loans,' uarterl‘ Journal of Economic
“1BVII (February, 1943), pp. 208-40;“:' o T
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flow"measure in Domsr s model. The resulting cap kal-output

‘then more specifically be called an average capital-output ?L

A further essumption of his model is that the capital-output -

l}v'sv the invwstmentgprocess.- Domar stresses the effect of today 8 net_

1$investment on. tomorrow;f productive poteniial. Herrod's analysis

t blcokfit the picture from the opposite side in ‘that he is

H;concerned‘with whether output has grown sufficiently to induce more.

ﬂQinvestment.; His viewpoint is one of a reaction in investment due to

;jpast changes in the;income level-;'ir?l

“:The concept that there is some relatively fixed relationship be-ft



http:level.10

,_’-1,dl’

{itheir?ﬁnalysea do not stopjwith this relationship. They go on co

giconclud‘ithat based onh\hia'yelationship between capital and output,

f{there is also a’:elationship between the rate of change in the capita

. stock and the rate of change in output level. Domar, emphasizing the
ﬁ{capacity-creating impacttof investment, concludes that the change in
j?output is a function of the rate of change in investment. Conversely

j?Harrod concludes that, due to the accelerator, the change in invest-

ffment is a function of a change in output. But rather than being

;ﬂoverly concerned with which is a function of the other, it is more

ffimportant that we recognize that a meaningful relationship does exist

In later years economists have used this same approach and have
,jconstructed what is called ‘an incremental capital-output ratio. This

ﬂfratioa‘epresenta the relationship between changes in the capital stoc

chy ngea in the output level as Harrod and Domar suggested in thei
Emodels. Since ‘a change in the capital stock is the same thing as net
Jtinvestment, the incremental capital-output ratio tells us how much
v’added capital or investment is needed to obtain an additional unit of
;output._.;

ifSince the time Harrod and Domar have presented their original

"'?i'ffthere have been a number of reinterpretations of

basic‘Harrod-Dcmai model. An important concept that has been

?Wadded o theirtmodel is the concept of a lag period. This idea re’;f

Hogni es heifac‘%thet_investment in period t: might not return a11 of?

?irather thatﬁthere might.be.aome reaulting output in‘period t:




;;cspitsl-output‘rstio remains below tie optimum ratio so ss to induce j_

_,~k

Q; ufficient investment to keep income growing faster thsn capital ace

ulates. He then comes up with two points where cspital and. income

'jarebequal, one being stable equilibrium and one being unstable equi-

7?1 rium, as compared to the single point presented by Harrod.12

”"As suggested here, growth models are ‘no new concept. But, con~

tructing a model does not make it workable. The above models have

;gmade very impwutant contributions toward a theoreticsl basis. for

‘ fThis initisl step is necessary in -order to point out some of

Tgthe more important interrelationships in any process. However, ‘after

few of the relationships are recognized, the more urgent task be~
omes one of reinterpreting the: theory into a useable methodology.

irThefbasic capital-output ratio has been used as a plsnning tool since

y'such individuals as Harrod ‘and

h wrelationship was first presented b

3 Nevertheless, very little,workghasfbeen done on improving the

lidity_of‘the ratio by suggesting guidelines for its use.
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'CHAPTER IIi

FORMS AND MEASUREMENT OF THE BASIC
. CAPITAL~-OUTPUT RATIO

Ae stated previously, in general, the level of potential outputi
'ifcan be assumed to be a-: function of labor, capital, natural resources,p'
*,éﬁﬁQ;39h39198y‘° It is recognized that there are other variables- that
;.aﬁoﬁid{be%considered,»but for purposes of simplification only theae
“féurigénégai claasifications.wiil be mentioned. Assuming that the
other“tﬁree'variables except capital are held constant, it can thed
| be said that output ia a function of capital solely.

The simple relationship between capital and output can then be
sfapedg 16tal-outpur must equal the output per unit of capital times
the anount‘of capiaal in use, Thus the formula:

: - (output)
(1)  output (capital)

(2) capital = %ﬁﬁ%%ﬁ%%l (output)

(capital) or

by definition.k
The ratio of- capital to output as stated in formula (2) will be .

referred to as the average capital-output ratio (ACOR). The reaaonuvj.

”'the word "average" is included to identify this ratio is because he‘,fu

\\yratio representa the relationship between a11 capital stock inv st

12



‘Et« ityfoflthelentire‘capital‘stoeh;} —

: :e pjojection ofithe productivity of additional cxpitapfinvestment._hl*«

gfﬂowever,;this ratio is not an accurate measure of what the productiv-;'~

of describing the present situation as to the relationship

7between capital stock and output for the economy, making no attempt

iéto pioj“ctathis ratio as a planning technique.

k Whenothe analysis is extended and a growth rate is considered,

?;one”considers the change in output as a ratio to the present output.
f;For example, if the present level of production is 100 units and pro=
‘fduction is increased to 105 units, the rate of growth in production

ins 5/100 or 5 per cent.; Similarly, this can be etated in. a formula

liby definition as-7"“

fﬁf i3) Increase in output - (increase 1n out: ut ) ‘increase in ca ital
D _output L\ ~(increase in’ eapital) ¢ output )

33 ;e formula is true not only for increases but also for decreases 80.

g}more generally, it is stated ass

(4) Rate of growth (change 1nycap1tal)ﬁ ( output




3?;33513 1nveatidfin audirional capital and results ln a $1 increase in =
I}ioutput, then;ityis said that the margihal productivity of capital is ;e‘i
f€7113 and that the incremental capital-output ratio 15 3/1 or 3. ;3 .
E Rearranging formula (3) and solving for the change in: capital
- '{81\,38 .

) Change in capital = (2:“::8: i;‘ gf:t;ﬁil) (change in output)

V>§£am1££1s3féiationaﬁip it is then possible, given an incremental
Ecapital-output ratio .and the increase in output desired, to determine
'the 1ncrease in capital or investment required.

For purposes of planning, the ICOR is desired rather than the
ACOR., Planners are interested in how much output will increase from
an aﬂdicional amount of investment., As mentioned previously, it can-
not be~agsumed that the ACOR and the ICOR are equal for a certain
period unless all other variables are assumed to be constant or unless
the reeultiug affect of changing factors remains the same. Such |
things;as;technological changes will alter both the ACOR and the ICOR,
butreepecially the ICOR, because new developments make themselves felt
priuartiy at the time when additions to the capital stock are being
1meée. Furthermore, other variables can raise or lower the ratios by
~:reducing or increasing the amount of capital required to obtain a

iupitjpfxeutput.
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,Leibenstein has made an attempt to define the ICOR more pre-‘?uv"'

icisely:by;handling the other variables differently.1> Aﬁnet incre- ‘ffjf

imental apital-output ratio (NICOR) is’ used to“define the IGOR when e

;all_‘ther variables are held constant. An adjusted incremental

:capitalroutp t ratio (AICOR) then refers to the ratio if other vari-:i

isbles‘ara recognized and adjusted by some amount. The NICOR is con-
Sstructed net of any changes in other variables, whereas, the AICOR is
iconstructed for a given specific change in other factors.

v In this study the author will first construct a NIOOR. Then

fsomething approaching sn AICOR will be constructed by adjusting the

fratio for selected primary variables. Such factors as weather and
fprice‘levels are completely unrelated to additions in investment, but

ﬁt_anp ause great variations in. the. output level. Thus, it is

1necessary for the effects of such variables to be considered in any
;given situation., :

) There has been much criticism of the use of" the ICOR due to
fchanges in such variables as technology. It‘is~contended that the
lICOR is almost useless because of the fact that changes in output due
:to an accompanying increase in the 1eve1 of technology are allocated

fentirely to the increase in capital. However, the author can see no

freal problem in’ handling this,;ype of variable. If “he use of the

.7ratio is limited to the projection of the output associated with an

Economic Backwardness and Economic. Growth

f}Harvey Leibenatein,5
| Sons, ‘Inc,; 1957), pp. '176-198. -



.Vincreaae‘in capital, it is not necessary to define the source of the

iincreaseﬁin output. But rdther, the interest ia in the amount of
‘foutput increase that can be expected to be related to the increase in*:
ccapital, not that all of the indreaee is the reault of only the var-b
"iabie;acapitala As was menticned earlier, the level of output cgn be‘
ccncideted,tO'be determined by any one factor, but this does not say
tﬁhtetﬁe amount reculting from one factor 1s not influenced by the
‘level of all of the other factors.

When an attempt\is made to actually use the ICOR, some determi-
nation has tc Befmede*as to the best measures of incremental capital
and‘cutputb There séem to be two choices as to the measure of capi-
tal. They are gross investment and net investment. Investment here
refers to additions to the capital stock during‘some period of time,
The difference between gross and net investment is the amount of
depreciation and obsolescence or the amount of replacement capital
that has to be injected every year., The primary difference that
should be recognized here is that net investment makes a contribution
toward a permanent increase in capacity, whereas replacement capital
makee no contribution toward the expansion of net capacity. The re~
placement capital bears neither a technical nor a behavioral re-
1eti6nship,tc net capacity change. This concideration would have no
practical significance 1f the ratio of replacement to net investment
‘were constant over time, But thiStneed nctkbe the case. If changes '

occur in-the amount of net or replecement inveetment»Or if the



Measures output that should be considered arewthu value”of o

‘farm product'from ross investment, the value of farm:product from

n stment minus the value of consumption, the value of farm

.product fromlletdinvestment, and the value of farm product from net
;investment minus consumption._ The differences in these four measures
fare return to either gross or net investment snd the value of family
consumption.v The best measure of output, if a meaaure of net in-
vestment is possible, is the,value of farm product from net invest-
'ment. However, since depreciation or. replacement investment is dif-
ficult to measure, and it is also difficult to measure only the out~
;put that is the result of net investment, the gross measure is ac-
icepted as being more accurate ‘than net. When considering whether to
fuse the value of farm product or the value of farm product minus con=
isumption, the important consideration is whether it is possible to
'accurately evaluate family consumption. If it is felt this estimation
Fcan be made accurately, the value of farm product minus consumption
:would be a superior measure, but if this evaluation enters a signi-

ificant degree of error, the value of farm product figure can be con-

: ;ure.. One of the reasons why

;the value of: farm product data are readily used is because the value

P

foffiroduction figure is relatively easy to collect and is usually more

}accurate. A subjective judgmentxenters into the value of family con-

ésumption figuie. R
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v‘ All of the above evaluations are sabject to the conditions of any |
‘*particular situation. For example, if an area is one of basically sub~
i;sistence agriculture with 75 per cent of the production being consumed ;
‘and only 25 per cent beino marketed then it is unlikely that the
value of farm product is a very accurate measure of output chsnges.
in‘thisvcircumstence, it is necessary that family consumption be
ev‘a‘iu‘s_f:ed;

Another consideration of measurement that is essential, since
these two variables are flow measures, is the time period of the flow.
Due to crop cycles and existing standard measures, the appropriate
time period for most. situations is a one year interval.

An additional decision must be made as to whether time series
data or cross sectional data should be used in calculating the ICOR.
The time series approach is a set of observations of the same variable
taken over a period of time; whereas, the cross sectional approach is
one observation at a point in time. Because the ICOR is concerned
withranfincremental change, it is necessary to have data from at least
two observations, at the beginning of the year and at the end of the
year, otherwise it is not possible to determine the change. over the
one-year period of time.

A time series has the two main purposes of estimating trends and

of predicting future courses of action.2 The establishment.of»trend'ﬁ~ o

2Paul G. Hoel, Elementarz Statistics. (New York" John]Wiieffegd
;Sons, Second Edition, 1966), pp. 278-305., AR



zuerie“ helpa,to‘cancel out fluctuations in unrelated vari-

‘fableadin the;specific period under consideration. By averaging fig-:in

f:ure _over anhextended period of time, the long-run trenda become more

“Ti ble‘ﬂnd are lesa affected by ahort-run variations. Three to five
ﬂyea hmoving averages should "average out! much of the erratic yearly
ﬁvariation.. A three year moving average can be calculated as follows'

(6) ICOR..,.It"' It-l- 1“' It-i' 2
. ot +3" °t '

nwhere It ia inveatment in period t: and Ot is output in time period ¢.

chilt must be recognized that the deairable complete set of time

:;aeriea data ia not always available. Mbre often, research projects
:icover only croas-sectional data for a country, ‘thus including only in=
:iformation for that particular year. With only obaervations at the be~

;fginning and end of any one year, the above formula simplifies into the

ollowing. . ”5‘

ti nithat ia available. In many cases this may be the only

;i;information that ia available.



There‘are‘a number of conditions that appiy'to‘the circumstancesx

7funder which,the ICOR 19 to be;used to assure thdt the ratiojis valid,

ﬂiFirst,uit must be assumed that capital is a scarce factor in the sys-

‘o}tem or that other factors sre abundant relative to capital. »If cap-

;ital is the predominant scarce element, then it should also reflect

theimsjority of the cost differences. If all other variables are in

’excess compared with capital, it is assumed that there is no added

’cost ;n'employing more of these variables as capital 1ncreases, or
‘more'simply, it is essumed;thst there is no‘opportunity cost in the
epplicetion of other«factors. Secondly, the market prices that de«
termine the output level should reflect the social values of differ-
ent products so as to be a valid aggregation of various products.
Thirdly, it must”be:assumed that the cost structure in the period
'undereconsiderstion‘remains constant., In other words, the prices of
factors'of production relative to each other remain unchanged. And
finally,é constant returns to scale must hold during the period under
considerationr

Weaknesses appeer in the use of the ICOR when any one of the

above'restricttve conditions are broken. If capital is not the

, 3The first three conditions are presented by H. B. Chenery,
“"Comparative Advantage and Development Policy," American Economic

~ Review, Vol. 51, No. 1 (March, 1961), pp. 18=51.

4The last condition is presented by V. V. Ruttan, "Agriculturalm

‘snd Non~agricultural Growth in Output per Unit of Imput," Journal ofi
- Farm Economics, Vol. 39 (December, 1957), pp. 1566-~1976. el




alues o t'e"products involved. If the price .:

nguently changing eitherﬁthe aggregate output level or the capital in-

_»uired.g Breaking the assumption of constant returns to scale

;fini he period being considered makes it necessary to construct more

5gtha",one ICOR for that period.' To facilitate the use of one. ratio
;fforva‘period of time, it must be assumed both that the ratio is con-
":stant and that constant returns to scale occur during this period.

Another major shortcoming of the ICOR involves the time element.e

A. E. Kahn, "Investment Criteria

guarterlz Journal of Economics, LXV (Febru ry, 51951), pp.f“‘;‘f



“to declintiintthe future. ~nff5ljfﬂ-.;;

.Various estimates have been made of the ICOR's in developing

”’ﬁ“fThere seems to be a fairly systematic relstionship be-:

‘htween in}estment and chsnges in production averaged over a number ofif_

fyears‘for countries at the same stage or similar stages of economic

:development. A United Nation's report6 states that for the ten year'-

fperiod;ending in 1963, sbout 70 per ‘cent of the developing countries

‘fhave an ICOR of between three. and four. Table 1 lists the ICOR's of

‘some of these developing countries.
For the ICOR to be useful as a planning technique, it is necesg=
‘sary to understand how the ratio’ changes during the development pro-

‘l‘};There ere many diverse views as to whether ICOR's increase,

\

’.decrease, or remain constant as a country becomes Hore developed

feconomically. Authors such as Bruton,7 Ksldor,8 and SOIow9 have made

_ fff 6United Nations, World Economic Survey, 1965 (New York: 1966),
-pp. 15-16. S

7Henry S. Bruton, "Growth Mbdels and Underdeveloped Economies N

'vThe Economics of Underdevelopment, A. N. Agarvala and S. P. Singh
; (eds.) (New York: Oxford University Press, 1963), pp. 219-241.

' 8Nicholas Kaldor, "A Model of Economic Growth," Economic ournsl,
4LXVII (December, 1957), pp. 591-624, ‘ :

» 9Robert M. Solow, "Technical Progress, Capital Formation, ‘and
H;Economic Growth," American Economic Review Pa ers and Proceedin's




?:TABLE'i

 DEVELOPING COUNTRIES: RELATIONSHIP BETWEEN -
| IWESTMENT AND OUTPUT, 1953-195 i
ST 0 1962419638

Incremental Capital-
Output Ratioc

;fUnited Arab Republic ;
- Mexico - .

“‘Sudan.
- Israel

| Taiwan

* Thailand

Brazil
. Republic of Korea
- Ceylon

Chile

. Pakistan
Venezuela

* Ecuador

" India
Burma

Ghana

. Peru : i

- Rhodesgia and Nyasaland;

- Colombia .
Kenya

aUnitedéﬁafions}uwoflaiﬁeonomic"Snrve';;IQGSF(NeWQ?oak;

f‘fpp. 15-16

'ﬁ_bCountriea i arranged in ascending order of ICOR;CH*

% - ICOR'B have been calculated by dividing the ratio of gross
fVuchitﬂl formation by the “annual rate of growth in gross domestic
product. . ,

- Sources Centre for Development Planning, Projectiona and =
Policies of the United Nations Secretariat, based on data ‘from the;;*
~United Nations and from national sources (Yearbook of National Ac="
- gounts Statistics). o S
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"ttempts to prove at Harrod end Domar's assumption of a constant

% 5IGOR iarunjustified. However, in the cage of these three economists;‘
7githey have finally agreed that msybe the ICOR really is constant over
ihftime.‘ Leibenstein points out that there are theories both for in-"
;;;creasing and decreasing ratios as ‘development progresses. ‘He finally

'hfconcludes that there is reason to believe that ICOR's decline with

ii;ﬂqu}OPmeut.‘ Paauwlo quoteswthe ICOR for the Indonesian development

7fpian*asiincreasirgifrom'é 1in 1956 to a projected ratio of 3.1 in
21980. Therefore the country's development plan is based on the theory

”-Tthat the ICOR increases with development,

| Which of these three theories should be believed? It is very un~

j:i;ii};ely_thatzconclusions;csn be drawn to fit all situations. The im-

'v7PB:tant?thingfthetjcsn be done is to consider the factors responsible

(Hﬁibrschanéeseinfthe'ICOR'andvto attempt to weigh these factors in the

jﬁgenvironment in which the ratio is to be used. Various authors con-
g ider the following factors important in altering the ICOR.
’~f:1. Changes in the interest rates can affect the amount of cap-

'?ital in use. With lowering interest rates as development progresses,

p.ianf;pward tendency in the ICOR would be expected.
"‘2 The nature of returns to scale is such that one might expect

f;fdiminishink returns to set in, thus lowering the effectiveness of

; ’d“ﬂ«‘r‘.aPiFﬁlsand increasing the ‘TCOR.

S 'ﬂoDouglss S. Paauw, inancing Economic Develogmen (Glencoe,
;g}Illinois- ‘The Free Press, 1960), pp. 448-449, .



The usevof tech'olcgy ‘ight belviewed two different ways.:‘*

thavﬁthe productiveness of capital reflects the growth in general,

social overheed facilities. The return from any increment of cap-

‘ti l,increaae is greater because these facilities are in existence.

Thiszcausea a decline in the capital-output ratio.

uﬂé The supply of exhaustible, non-replaceable resources per
,‘man will decline as income and population grow, leading to a price

| riee and an increase in the ICOR.

“:f dﬂ There ia a tendency for movement away from the primary in-
duetriea and toward the tertiary during development. The tertiary
industries ueually have a lower ICOR than do the primary industries.

' 7; The quality of the labor force increases with increased

education and increaaed efficiency. This change causes the capacity

'A”ﬂln later atagea of development external economies become

more aignificanr, thua loweringu;he,ratio.;%idf

o 11Theae factors and others can ‘be found in such gsources as
Bruton, Op. cit., Leibenstein, op. cit., B. Weber and Jones §, . J,
Handfield, "Wariations in the Rate of Economic Growth in the United
‘States of America, 1869-1939," Oxford Economic Papers, VI (June, o
' 1954). oo. 101-131 and others. '



- | | | 2%

It is recognized from this liet of verioue factors that the al- ;
jteration as a result of 811 of the factora would be quite impossible
bto measure. The euthors referred to above have different 1deae as ‘to'
how influential each factor is in alterirg the ICOR., The endeavor
nherelis'nor an-attempt 'to evaluate the effect of each of the aboVe‘
factdra; botiretﬁer,to'identify the factors so that their influence
may be assessed within a particular situation.

| It seems 11ke1§ that historical data from such countries as the
United States in its period of development could shed light on the
controversy of whether the ICOR increases, decreases, or remains con=-
stant during development., ICOR data i1s not available for the United
States for this period, but ACOR's are available. ACOR's do not
provide as meaningful a comparison for this study as do ICOR's, but
the ACOR's ‘do provide rough indicators of the trend of the average
productivity of capital over a longer period of time than is other=-
wiee.oossible. Figure 1 shows these comparisons for the United
States for the period from 1880 to 1937.

If 1¢ can be assumed that_meny developing countries are at about
the same stage of development now as the United States was at the be~
g;@g{ﬁg,of the twentieth century and their development process is
eimiler‘tkohat took-plaoe in the United States, then from Figure 1,
it would be expected that developing countries could expect a rela—

-tively constent capital-output ratio fbr a number of years to come.a[

§Thie period for the United States occurred between the yeare of 18 i
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f55§§}j”ﬁ” It should also be pointed out that even with eome variation,‘
ﬁthe ratio over the forty yeera between 1880 end 1920 only vaxied from :
-'33 00 to 3 60 or: o.eo.

_ There are two explanations as to why the ratio shows much less
»stability from 1921 to 1937 than in the previous period. First of
all, the method of meeeurement changed in 1921, After 1921 the ACOR's
iwere calculated eech year as a five~year moving average rather than
4on1y celculating the vatio every five years. Also this period cone
teinsvbothkthe;“good timee" of the 1920's and the depression of the
,‘1930'o. These two extreme situations caused the ACOR to also reg=
iater extreme variations. From observing the direction of extreme
movement of the ACOR, the conclusion might be drawn that the ACOR
rose in periods of slow growth in income per capita and fell in pe-
riods of more rapid growth. This is what would be expected since the
AGOR is the inverse of the average productivity of capital,

The evidence presented here for the trend of the ACOR for the
United States is not sufficient proof that developing countries will
fOIiowithe same trend, But it is one bit of evidence that helps to
reinforeeaone.ofvthe theories as to the trend of the ACOR in the de-
'veioﬁnent proeeoe.deinCe_proof of the three theories is very limited,
the‘ﬁnitedféteteo' example could provide very important support of the
Jconstant ratio theory. This example is not meant to imply that the

;ACOR is eonatant in a11 other situationa, but rether to show evidence mf

*?ofrthe trend in one situation.



s

'Erom only thia one demonatration of the direction of change of the;‘

_capital-outpuﬂ,ratio, it ia unreaaonable to generalize thia trend for

ea1ftdeveloping countriea. However, recognizing the fact that

;?unquestionable conclueiona cannot be drawn from the evidence presented :
sit ie ati11 neceaaary to utilize what evidence ia available so ae to
1pauggeet a recommended couree of action to be used by plannera.

The author wi11 eesume that the ICOR remaine relatively constant
}over a period of time of up to one decade. Thia assumption is made,

knowledging the fect that a. reevaluation of the ratio should take
place at least every decade, but at the .same time, it is recognized
ithet a reevaluation ueually ia not necesaary every year, The time
;period of one decade ia an arbitrary -judgment, but gome stated period
, of time ie neceaeary to complete the procedure if an appraisal of the
'ratio ia to be made over time.

A planner deairing to uge a technique which is based upon the re=
’.lationahip between capital and output must be able to understand the
_‘many aspects of its application. He muat recognize the appropriate
hfmeaeuring device to aatisfy hia intended purpoae. He must recognize
fother variablea and how they might affect the fundamental relation=

'fpehip. He must reeognize the baaic aaaumptiona of the technique ao -as
;lito operate within theae"aaaumptions.: He muet recognize ‘the expected

fiftrenda of the reletionship over a given”period of time. And, ‘he muet

ynize the shortcominge that are basic to the_relationahip. All

of‘”heaefconsiderations are: neceasary 1ffthe“relﬂti°n9h19 between - ,

hifcapitalAand output is to be a meaningful"nveatment criterion Por
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' CHAPTER IV
MODIFICATION OF THE BASIC CAPITAL-OUTRUT RATIO

Thejpurpbee of this chapter is to improve upon the use of the
bgsic-ICOR bylproviding methods for handling other variables and to
poihf’ont some of.the practical implications of using the ratio.
Spebial consideration will be given to the time variable in the form

of lag periods and to "free factors."

Lag Period

Lag periods are used to describe the period of time over which
output is realized vhen this time period differs from the period in
which the increase in capithl takes place. Methodologically it is
assumed that the loan term (length of loan) is equivalent to the pe~
riod of time over which output response to the capital input is re=
élized; termination of the output response coincides with loan ma-
turity. Given this assumption, in this particular case whére credit
inputs and product outputs were measured over a period of one year,
no adjustment for lag is required for loans with maturities of one
year dnd less. A lag adjustment is only relevant to loans with ma=-

turities longer than one year,

30
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FIf'a change in the proportion_of'intermediate or long term loans

lace over time, the current‘ COR‘should: e:adjusted to reflect
£y Similarly, any output in the

;present period that ia the result of an investment in some past period

A%

fshould;be'allocated to the past period‘ thus subtracted from the pres-

ient period. Since the trend during the development process is usually
;touard longer term loans, failure to adjust for this tendency ‘would
iresult in an inaccurately high ratio in the present period.

‘ Because each enterprise generally requires a different length
floan, it is necessary»to~conaider more than one lag period'in a di-
:versified economy. forfekample,'if the'average length of cattle
loans is fbur years, chicken loans two years and swine loans three
;years, the lag period for each type loan has to be treated separately
fto reflect the difference in their payoff times.

Due to the lag oeriod of return, the change in output in the
;present period is not a direct reflection of the change in capital
fin thia same period. Since the investment and return may be in
Iseparate periods, it is well to identify the output in the present

;period which is the result of previous investments, as well as to
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identify the investment in the. preeent period that will return output L

in future periods. This concept is demonstrated in the following
example;v ”
.?or a three year lag period, the total change in output in
petiod t can be expected to be the result of investments in

periods t, t-1, and t-2,

(t=2) investment | total change in
t-1) 1 ti t tput 1

(t-1) investmen output in

(t) investment period t

Similarly, the investment in period t will contribute to

- changes in output in these three different periods.

total change in | (t) output
investment in > (t 4 1) output
period t ] (t + 2) output

In order to give a true reflection of change in output from a
given change in capital, it is necessgary to identify the investment
that caused the change in output, In order to reflect the change in
output from investments in the present period, contributions in the
present period, in one year and in two years should be considered or
in order to identify the investments that cause a change in output in
the preeent period, investments in the present period, one year pre-:f |

vious»andvtwpgyeare.previous should be considered.




FIGURE 2

IDENTIFICATION OF INVESTMENTS THAT MAKE CONTRIBUTIONS
T TOWARD OUTPUT IN ANY ONE YEAR R
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FIGURE 3

IDENTIFICATION,OF_OUTPUT AS THE RESULT

OF INVESTMENTS ‘MADE 'IN ANY ONE YEAR
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Since it is difficult to project"output in future»

gformation is available indicating theulevel;o inves'ﬁh

'periods, investments in past periodsjihet _ause chenges n output ;i

‘has’

;the‘present period will be considered.n If»the 1eve1 of investment

:been increasing over the past few years. it would be expectexgthat th _,‘in

fmeasured investment for the present period would be larger than the
Lactual investment that contributed to output in the present period.‘_An’ft.
‘adjusted inveetment 1eve1 can be arrived at by subtracting investment

in the present period and by adding investment from the past periods ,td
_to the measured investment. Or more simply, as long as the length of

the lag period remains constant during the period under consideration,

‘a comparison need only be made between It and It-l: and It and Ig-z.

This may be written as.'.
(8) .(adjusted) "'" (measured) [(I e I )"' (I t 1) * (I " It--z)---l

or ae'

(9) IA - IM" [(It

jwou1d~equa1 It 1

;would equel zero_
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Ef"":‘,_ﬂ‘-idistrib"tedeveuly over the lag period, however, this is rarely the

ﬁ“Mbre often the output is distributed more heavily toward the en

Qofuphe lag period. It is even possible that in some years no output i

flobtained from an investment, as is commonly the case with tree crops.'
‘ For example, a three year loan for swine may return nothing the
'.ffirst year, 30 per cent of the output the second year and 70 per cent
’a:of the output the third year. Therefore in a simple static situation,
4:?if the change in output in the present period is $1000, $300 can be
;said to be the result of investments last year and $700 the result of
investments'tWO'years ago. Once the change in output has been al-
"loeated to those years in which the investments were made, expected
. levels of output can be projected for the.investments in the present
‘;Fperiod. }lhis.projection can be made by taking the changes in output
innthe,past periods'and‘correcting these figures for the percentage
“change in investments between these time periods.

It is assumed that the percentage increase in investment is the
same as the percentage increase in output for the-period considered.
This assumption is~justified due to the basic premise-that there is
a functional relationship between capital increase and output increase

ej;for the same period of time. Mbre specifically, this says thet the

' “tICOR is constant during the period under consideration (constant e

”*_urns to scale occurs)

| Another important consideration concerningvthe use oﬁtlag peri-"f?

!jf"ods, is,that some evaluation is needed to;getermine the_relativwfw”

d‘, For simplicity;i'
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fi?will be- aaaumed thatffhe relative contribution of each enterprise S

l emai‘:cvnatant during th Wperiod of consideration. However.

fidhere a:tbeen av‘efinite change in the relative importance of ,l"””“

- variou enterpriaea, a reevaluation of the component parto of the ’fp}[

}ﬂichange. n output muat be made.

Ere Factors ‘f}

‘ "Freeafactora" are important variables that affect the level of 5

;'{output'but“are unrelated to the increaae in capital. Two important

'{variablea referred to here are the orice level and climatic condi- o

The price level probably ie correlated to an increaae in output-

utentﬂthat increased capital increaaes output, but the price‘

*‘flevel:reflecta much more than just an’ increaae in output from a cap-

i

{:”ital injection. Price is affected by many other aupply factors euch

. .as drought conditions andfcyclical trenda, and by demand factore such
;~aa income levela and growth in population. So it would be expected

-ilthat there would be'widersprice fluctuations than would reeult from

ffa change in capital,aupplied? thus much of the effect of a price

';:ﬂchange is unrelated 0. capital uge.’: . 1:»‘,: |
The other important variable is climatic conditiona.; The leVel

Vf?of output is directly related to the weather conditiona for a par-‘7":

i ticular year. A severe drought, a flood orfiﬁ

}roet can,drastically

roduction levela None ‘of

. withian increase 1“ Aapitalg but all: hree reflect directly intolgh



,;?ICOR°?:ToLprevent arriving at misleading conclusions, adjustments E
agéshould be made in the ICOR for these ‘unrelated- climatic conditions.

| , | Measurement of - these two "free factors" is necessery in order. to
'1modify the IOOR. Wholesale price‘indices of farm products are avail-
fiable ae indicators of price changes at the farm level and they permit
jta comparison of pricee on a common base period. However, when at-
’;tempting to measure the effect of climatic condition there is no such
?edietinct indicator. Annual rainfall may be assumed to be an indicator
"inisome instances,vbut it;completely neglects all other climatic fac-
‘,torsrkiEvenfit thejievel of rainfall vere chosen, still there remains
tge@taskgof eetaﬁlishing the relationship between the level of rain-
'iiaiigandgthe~1eve1 of output.,

| ..gBecauee of the difficulty of determining the above relationship
.and3thevfact that climatic conditions are usually reflected in the
ieuer of~proouction, it will be assumed that the price is the best
*av5i1a51e indicator of the climatic conditions. Due to the fact that
climatic conditions would already be incorporated in the price level,
: any attempt to set up a relationship between climatic conditions and

:outputfcouldwaotualiy.produce a larger bias by double counting of thsa

tgweetherhfactor.

. Adjustment by the price index is easily made because of the direct
;Qrelationship‘between price and value of output, Any percentage ehangev
ftin the price index gives an equal percentage ehange in value of output

Ufat a given output level.‘ The use of a lag period romplicates this re-";

jfiationspipbeomewnat.; Since the lag period is concerned with a



?"levels are. constant iﬁwthese future periods and equal to their levelsf?_

ffin the present period: or”;O,GStimate the expected trends in an’ at--"'

thempt to establish futuresprice levels.;:;?ﬂf”*i”:

| Further L.E nc‘a‘e‘mg

Besides considering these additional variables that affect the

attemp;lwill be made in the remainder of this chapter to
;:pointrout'a few of the practical implications in the ‘uge - of the
h;rstio. These additional observations could very possibly be more
:;fimportant in certain situations then the refinements as presented in
iathese past. chapters. However, it is hoped that they might provide
Al‘further insight into the use of the ICOR, especially in those situ=
;fations where one or more of the above aseumptions do not hold,

The use of any form of the capital-output ratio -is based on the
ﬂ;tsssumption that a relationship exists ‘between capital and output,
}f}Any use of the ICOR then further assumes ‘that there is a relationship

f;fbetween additions to}the capital stock and the resulting output. Ate

flﬁtempts in this papmr are msde to trace this relationship back to

fh?fundsmental definitions and to P°1nt °“t how this relationship ts

‘f}basic to some of the first growth theories. But if it can be proved

f{fthat no mesningful relationship exists }the whole technique is uge-

"'*‘ffif"‘lees- L
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| | Very early in the above presentation, the aaaumption was made |
lithat capital 19 scarce in underdeveloped countries, and that the o
,method;of obtainlng any additional capital is credit. This aseumptionl

eonatea new;capital with credit for an individual producer under those
'elreunatancea. If this is not the case, it is inaccurate to establish
‘a relatlonahip~betweenjaddltione to output and loan input. This re-
lationahip can only be valid 1f the predominant means of acquiring
additional capital is credit. An alternative to equating new capital
with credit is that of stipulating a given proportion of new capital
“that is obtained through credit, recognizing that there are other
sources of new capital present, ise., savings.

An aasumption that has gone unstated until now is that loans must
be made for a productive puxpose. It is essential to the basic re=
lationship that loans made for productive purposes be separated out
from those made for non~productive purposes. Failure to do so gives
an unrealistically high indicated level of loan input in comparison
to the increase in‘output. Part of the problem arises from the fact
that in a subsistence agriculture it is often very difficult to sep-
arate the productive from the non~productive loans; therefore, this
point is of major importance in underdeveloped countries.

’ﬁhen groea figurea are used to measure output, there is no re~
'fl;etionﬂofiélfﬁereneea between intermediate proaiscts and final
;producte. This measure commonly leads to double counting by 1nclud1ngeg§-

éthe aale of 1ntermediate producta rather than just final produets.

fintraeector reallocation takea place with no inereaae in produetion,



'veatock loana, there is no increase in the‘

;:primary consideration, then*loana ahould be made;only for increasing

{ﬂproduction with intrasector reallocation or £or intersector allocation

Tfinto agriculture._”'y'l A
The statement waa made earlier that the length of a loan ia the

-ﬂbeat indicator that is available to euggeat the period of return of

~"’"_'f"f‘:'.lthia aaaumption often places too much emphasia on 1iquidity

g and;doea'not coneider returns fer the full 1ife of the inveatment.

fiIt‘ia easily posaible that there might be indirect effects as well as

:naome continuing direct affecta on the output level long after a loan
[fis paid off._ Measurement of these affects creates a problem, thus the
,fﬁreason for the length of loan being choaen as-a more convenient indi~

,’f'cator. f“.: ;",ﬁf":f: S



| . CHAPTERV
TLLUSTRATION OF THE-REFINED ICOR AS APPLIED TO ECUADOR

-5‘;nﬁﬂéteﬁbt w;llvbé‘ﬁﬁde in this chapter to apply the methodology
‘aéibigvibué;y1pr§p¢n:ed by employing data from Ecuadox's agricultural
éeéﬁof, FThig démdnsératiénnof the technique is important because of
:theid?lgiﬁaliiy of some of the manipulations; however, the approach
does hpf'depend upon the success of this one application. The Bcua-
ddtiaﬁ ékémple canvonly provide an indication of the appropriateness
cf.fﬁieAtype of measuring device for this given environment. To be
abléfto stgtisticallyﬁéesc the technique involved, many more examples

of similar data would be required,

.Description of Situation

A brief discussion of the setting from which the data were taken
is helpful in understanding the implications of the environment upon
the use of'thebtechnique. Ecuador has a land area covering 111,168
§§u§re miles; of the South American countries, only Uruguay is

smaller.l The country offers many contrasts in topography with the

Lilo . Linke, Ecuador, Country of Contrast (London* Oxford Uni-
”versity Presa. 1954). ppe 1=3, DR
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fAndean Mountaina delineating three diatinct geographical?regiona"*fyf

;3the coaat, the mountainapiand the interior. t.m,{,a

%‘The coast conaiata of a fertile alluvial plain producing nearly

fall\of the export crope and ia increaaingly becoming more important aa

ﬁa center of commercial food production for the country. Like the ‘
3coaat, the mountains cover about a quarter of the land area of" Ecua-

Qdor53 Nearly all agricultural producta that are adapted to a temperate

{climate are grown in thia area and almoat a11 for home coneumption.

jThe interior area, conaieting of roughly half of the land area, 1is

fl Ugely undeveloped and accounta for only a amall portion of the na-
;tional income. The major agricultural commodity from thia area is .
1livestock and-liveetock producta.

._: Ecuador had a per capita groaa domeetic product (GDP) in 1965
gequivalent to US $215 at 1963 pricea.2 The GDP.growth rate for 1960~
?f1965 waa 4.2 per cent per year at 1960 prices. Conaidering the 3.2
;iper cent population growth rate, per capita GDP during 1960-1965 in=

5;creaaed only 1 per cent annually.

5 Agriculture accounted for 34 per cent of the. GDP in 1965, com-

fpared with 37 per cent in 1960.v The?growth in agriculture averaged

f}only 2.7 per cent annually duringil960-1965 at conetant pricea, with
’fan increaae of leaa‘than 1 per cent:in:1963 and only 2. 2 per cent in

131964.,

, 2Theae figures and other basic data in this and the next para=
. groph have been taken from: Inter=American Development Bank, Socio=
'Economic Progress in Latin America (Washington, D.C.: Social Pro=
gress Trust Fund, Sixth Annual Report, 1966), pp. 197-199.
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 In-1?54“théfﬁééib§§1"?lénnihg and Economic qutdih&fibéQﬁbard wésv
organized‘toV;oofdfnafb‘fhe,écqﬁbmic activities at the natidnal,’re-
3@6ﬁ§1 and local levels and to prepare a development program fbr‘the~
country. This group prepared an immediate action program for 1962-
1963 and a more comérehensive plan for 1964-1973. The plan calls for
an overall goal of 6.5 per cent annual increase in GDP. With a con-
tinuation of the 3.2 per cent annual population growth, this is equal

to about a 3.3 per cent increase in annual per capita product.3

Source of Data

The source of the Ecuadorian data used in the illustration of the
methodology is taken from a cross sectional survey of the agricultural
situation of 1062 Ecuadorian farmers conducted by The Ohio State Uni-
versity Agricultural Finance Center in 1966. The techniques in sam-
pling were such that the sample should be representative of the agri-
cultural sector of Ecuador. The sample of 1062 farmers was selected
in proportion to the number of farmers in each of the three geograph-
ical regions (284 farmers in the coast, 270 in the interior, and 508
in the mountains), thus representing the many types of farming and
credit needs of all three geographical regions.

of the 1062 farmers sampled, 221 or 20.81 per cent are present

users of an institutional source of credit (Table 2). Iheqe~221kggvﬁiQ

31b4d., pp. 207-208.




iiiarners are of special interest’to planners of investment decisions, j:i
f;hecause the main channel through which planners can influence the out-;
h}put level is through sources. of institutional credit. “For Ecuador, ~e"
f%these institutional sources are the Banco Nacional de Fomento (BNF), ﬂ
Afprivate banks and the Central Bank.« Noninstitutional sources of credit
;fare recognized as another important source of credit (see Table 2),’ but
’fplanners have no direct control over this _source, thus it is of little
kfuse as a planning tool. Emphssis, therefore, will be given the cap~
fsital-output relationship of the 221 farmers using institutional
;Esources of credit. Also this will limit the consideration to only
}uproductive loans as viewed by the institutional source, because their

_;policy is to give loans only for productive purposes.

e TABLE 2
NUMBER AND PERCENTAGE OF SAMPLE FARMERS USING AGRICULTIURAL CREDIT

“Number of Percentage of Percentage of

‘ Farmers 1062 Users 523 Users
}<Present institutional
users , 221 20,81 42,26
;,Present noninstitutional» 4 '
" users . , , 147 13.84 28.11
,'Users of bot titu= |
-~ tional and noninstitu- ,
tional : 4,97
24.67

;hPasttUBers

. Nonusers .
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Thgfnaaic ICOR

<By u;ilizihg:féfmulé (7) to be used for cross sectional data as
pfésepigd~in Cﬁapter I1I, it is possible to arrive at a basic ICOR
for‘the*ééﬁple of 221Afarmers. iCOR's can also be computed for crops
and IiveStbck separately, rather than only as a combined ratio, if it
is desirable for planning purposes. The 1964 and 1965 outputs for
crops, livestock, and total output are presented in Table 3. The
value of farm products from gross investment is accepted as the best
measure of output available for the faxrmers involved. Formula (7) is

stated as:

ICOR = —5

For this particular situation the formula becomes:

ICOR = if""g&'fr"
65 ~ 64

TABLE 3

CHANGE IN OUTPUT FOR 221 INSTITUTIONAL USERS OF
AGRICULTURAL CREDIT SAMPLED

(sucres)?@
1964 1965 Change
Crops 4,786,997 5,629,700 842,703
Livestoclk © 2,909,978P 3,300,232 390,254

Value of farm product 7,696,975 8,929,932 1,232,957

giﬁ~1965 the official exchange rate was 18.18 sucres = US;$ 1.

~ bDue to insufficient data for livestock output in 1964 for the‘~ 5f
f}coast and the interior, these: figures were projected from thoae e
{}available for the mountains. S S
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"‘From;the values in’Tables 3 and 4, racioa can be ca’culated fbr: 

n‘“i;ombined total figure.‘f;7‘J'

114
[
. 3
(=)

‘ 2 8/.1,260,325 = 1.506
ZICORHFcrops) ‘,S[.‘ 842,703 T
V~J;.ICOR (livestock) 2 S/. 1,466,131 = 3,752
o TS/ 390,254 1

S/, 2,735,278 z 2.218

“*Iqoni(gombihedi TS 1,232,957 1

ufﬁ;gé»iéﬁios déscribe the rglationship betwéen investment in any one
:yééf énd the increase in putpﬁt»in‘that same period of time for the
v2211institutional ubetstof;éredit. For example, the combined ICOR
‘states that approximately $2, 22 must be invested to return a change in
outpqg gf:$1 ‘As. might be expected, more investment is required in
nii@ééﬁﬁckA($3.75) than.in'crop3f($}.51)zto return a $1 increase in
:odtbﬁt. This can pfimétiljfbevéiﬁlained by the lower intensity of
flaﬁof'énd-land'uéé inf}1§¢stock»pr6duéfion when Qompargd with crop
1ptqducﬁion,.

TABLE 4

OUTSTANDING LOANS OF THE 221 INSTITUTIONAL USERS OF
JAGRICULTURAL CREDIT SAMPLED

(sucres)
g o T e 1954a | 1965
“crops 'fQ"fa'?i S 1,269,418 e 1,353,100
iéLiveatock S 1,454,149 o 1,694,000
. Total . 2,735,278 3,047,100

~utfﬁigu;ésv£o?51964;§?e£§f61e§ted.fgqﬁ a9£ﬁa1 1965 f1gures,based;


http:crops:($1.51
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Laz Périod

-ThgTﬁhsiéVIQ?Rfééiépﬁliéd”dn ﬁﬁelpreceding;pagg qhnfﬁhéﬁﬂpéyaﬂv
juéﬁéﬁ"fbf iﬁgﬁpéfiéag aﬁ6f?rice level changes. Crop 1oéﬁs ih<Ep¢§¥A
ﬂ§£fa£éfé1§69t diwaYé;ﬁbde for one production season, thus not lépgef
th&nﬁbné'year with the‘ouﬁpUt being realized in the same period the
1n&estment is made. Therefore, no lag period is required for these
loans. Livestock loans include those madé for dairy, beef, work ani-
mals, and a few chiclken loans. With this assortment of varying types
of loans, the periods of return of these loans will also vary con=
siderably. Recognizing this variation, the author will assume the
average length of livestock loans is four years with the réturns
beiﬁg distributed 10 per cent thé first year, 20 per cent the second,
30 per cent the third, and 40 pér cent the fourth.

AE shown in Table 5, loans by the Banco Nacional de Fomento for
livestock purposes decreased about 12 per cent in 1962 and increased
about 16 per cent in 1963 and 1964. It will be assumed that this
trend of 16 per cent increase continued into 1965. By knowing the
level Qf investment in past periods, it is possible to construct a
weightéd,iégyperiod,for livestock loans. Such a lag period shows the
difféfeh¢é?5étﬁeehithe investment measured in the present period and
théfiﬁ?ééﬁmgﬁtfutilized in this same period; recalling from Chapter

IV-that a difference may exist betveen these two measures.


http:canthen.be

TABLE 5

BANGO NACIONAL DE FOMENTO: LOANS OUTSTANDING:IN
AGRICULTURE AND PERCENTAGE CHANGES . ..
(Thousands of Sucres) -

Percentage : Percentage . - ‘ Percentagegf*‘

Percentage .
*Change - ' ' Change - Change - . Chamge o iiioni
1961-1962 1962 1962-1963 1963 1963-1964 1964 - 1964-1965 j’f196525177

z"~;-‘>?‘19f‘3s5314.-4 -6l sz,,szi‘.'s.; F6.6 | 93,6357 * 6.6 99,8157

9.4 416.1 - 98, 211 6 +157113,631 #15.7 130,335.0

sak 18,04 1L 20T 20,150.7

. figures for 1965 were estimated at the same rate of inc*ease as occurred_
LE Source't Banco Nacional de Fomento, Informe De Labores del Sistema De Credito;
ﬁand 1964 Quito, Ecuador, Maxch, 1965' and the same yearly repor» for 1961. I



TR L e 3/10 (I 2) + 4/10 (1 °:3?¥1 'k Al'
E;with a four year lag Per1od distrzbuted 1/10, 2/10 3/10 and 4,10. _

'}5From the Banco Nacional de Fomento loans fbr livestock (Table 5), it

. 1s possible to estimate the amount of loans for ‘the sample of 221

. the Actual livestock loans outstanding of ‘the sample in 1965 as the

1?b is;of the estimates.»

. TABLE 6

LIVESTOCK IDANS OUTSTANDING FOR THE 221
: INSTITUTIONAL BORROWERS

(sucres)
1962a o we® . nee® | 1965°
1 157, 062 1 033, 001 1,229,870 1,464,131 L6, 00:

, ;;aEstimated figures based on the same percentage yearly change
I'for livestock loans as the Banco Nacional de Fomento. o

; pActuél valhe. -

“MQ Insertino appropriate ”alues, the formula then becomes vg;i:fffi




~Th§”1¢dn*f6f*iiﬁééﬁb@&*ﬁbuid?thetéfdté*beﬁqual}étzﬁ;thigﬁeglpér

I the price level of products;changes during the period of con-:ﬁ”

sﬂsideration, the value of outpui will change in the same proportion.iu

vailable measure of a price level change is the wholesale

t;price index for farm prnducts.'JIn‘Ecuador the wholesale p‘ice indexl

tjwa8‘1ogiin 1964 and 111 (estimated) in 1965.H?At 1964 prices the 1965‘

;fvalue of output ehould be reduced'by.,.SOkper cent. Reducing the 1965

gfvalue of output by this amount, givea new ICOR's fbr this period.x

s/. 1, 269,335 s LT
761,368 1

1

| s(. 1,464,131
s/, 330,850 1

1993 “';<1fi.‘.?§8t9915‘>ir?iﬁ‘

]
N
1 ]
wn
W
-

£ - | © 8. 2,735,278 o
Y - - - .
s ICOR (combined) - S/ 1 ’ 072 218 -1 " s : " _
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A combination of the effects of both the lag period and the priceﬁe»w

mlevel)gives the following modified ICOR's'

LS R -S.1269325,,1712'
_ICQR’ ';,(QF-"P?), = 5 741,368 1

e L8], 1,165,139 . 3.522
IO (Mvestock) ° §7""""‘5‘5"§§% 2:322

L 8l 2,636,464 o 2,270
- ICOR (combined) s/. 1,072,218 1

Projection.to Agricultural Sector

Afee;-@pdifying the basic ICOR, it can then be used to project
,theeieﬁebfdént required to obtain a desired grouth rate for the agri-
P.culfetélleeEtdr. In 1965 the sample of farmers (1062) had a total
evalue of farm product of S/. 27,425, 041, This sample of 1062 farmers
represents .2655 per cent of the total farmers in Ecuador.4 Pro=~
jecpipg the‘sample to the entire agricultural sector gives a total

ptbdﬁct of the agricultural sector of S/. 10,329,582,290? According

4'rhia is based on an estimate of 400,000 farm families in Ecuador

‘published by The Ohio State University Agricultural Finance Center, An
Appraisal of the Banco Nzcional de Fomento Relative to Agricultural
Credit in Ecuador (Columbus, Ohio, September 1, 1965), p. 2.

sThis calculated figure of total product for the agricultural sec~
tor differs from published figures of the gross domestic product for
the sector because (1) the calculated figure includes returns from ex-
port as well as from domestic products, (2) published figures include
only sales through the formal market channels, whereas the sample
measurement was at the farm level and include all sales, formal and
informal, and (3) the definition of a farmer most likely differed. The
definition of a farmer used in conducting the survey was any person 3
engaged in agricultu:zc who has decision-making responsibilities of the =
overall operations of a farm. 5



TABLE7

fulncouzs, GHANCE AND PERCENTACE OF THE CHANGE
o FRR THE SAMPLE OF 1062 FARMERS -

1964 1965 Change per cent of
. (sucreS) 5 (sucres) (sucres)_,_-:»—.;,ﬂ_

VVEB 098 71° 7 9,331,667 a“13232;957f7*;°?ﬁ§"Zﬁ"”
1, 223 11;- -1,330,894 V1°8;631>}1j1?¢g;;f*‘ g

25,193,962 27,425,041 223107




TABLE 8

LOANS 'OUTSTANDING OF MAJOR INSTITUTIONAL
- SOURCES OF AGRICULTURAL CREDIT
(millions of sucres)

;&éégff ; .Ceﬁtmal Bank® Private Banksb BNF Totai
1963 26,1 86.5 186.0 298.6
1964 25.2 100.2 207.3 332.7

1965 33.3 107.1 231.3° 371.3

- 8Central Bank figures were obtained from Junta Naclonal de
Planificacion y Coordinacion Economica, Indicadores Economicas,
Ecuador, Vol. I, No. 1 (April, 1966), p. 15. Figures available for
credit given rather than credit outstanding so these figures we de-
creased by 75 per cent. (Direct loans to farmers given by the Cen-
tral Bank are usually for no longer than 90 days.)

b'I‘he information available in Indicadores Economicag for private
banks shows a very large increuse in loans in 1964 and 1965; however,
the author attributes much of this increase to a reclassification of
present loans to conform to an existing law that requires 15 per cent
of their loan funds be made in agriculture. Rather than accept pub-
lished figures available, figures for the private banks have been
reduced to morz realistically reflect the actual increase in lending.
Together the Central Bank and private bank loans are commonly re=-
ferred to as commercial bank loans, in the sample, commercial bank
loans made up 37.7 per cent of total institutional loans by volume;
this same proportion is assumed constant in 1963 and 1964. The new
values obtained are then reduced by 50 per cent to reflect loans
outstanding rather than loans given during the year. (Loans made
by private banks are usually not for longer than six months, except
for land loans, and none were included in the sample.) ‘

o ®The 1965 figure is estimated based on the 1964 rate of in- :,Q5
. crease. Ny ’ S AP



ito the national plan, a 6 5 per cewtpan‘ualjincreasefin gross*f'””:'

ftic product is desired in futuie years. Agsuning ‘the: 5‘5 peri_ .

!growrh rate is therefore the goal of the agricultural_sector,

}must be S/. 67 142 285 increase in the grosa produc in 1966.m'_':p;5;‘;
;shown in Table 7, the institutional borrowers contributed 55.26 per

\cent of:the change in output in the 1964-65 period considered.q Thisl?:a
?same group would also be assumed to contribute 55 26 per cent of the o

jiﬁ 5 per cent increase or SI. 37 102 827.k.':‘

' : At a basic ICOR of 2.218 to 1, there nust be 2, 218 times as much
;inveetment increase as output or s/. 82 094 070 (2,218 Limes

;!S/. 37 102 827) In 1965 inutitutionai sources of agricultursl credit
;7had outstanding loans equalling S/. 371 300 000 (see Table 8), there~
'fore, to: obtain this increase of. S/._82 294, 070, they must increase
:’their 1oan funds by 22 16 per cent.

: | With a modified ratio of 2.270 there must be.a S/. 84,223, 417
};increese in. investment. This is a 22 68 per cent increase over the
;ff}}1965 level. S L

Table 9 is an. example of how these projectiOns can be extended

ijintoifuture periods.liln order to make'these projections it muut be -

‘fassumed *hat in the period being considered the target rate o£ growth

firemains at 6 5 per cent, the institutional users continue to contrib-b;

“”126 per ent oward the change in total product and that the if;f_

ﬁtICO‘ remains constant.




TABLE 9

PROJECTION ‘OF FUTURE REQUIRED INVESTMENT

1966

f?(l) Gr 88 product fbr the agricultural sector
: (sucres)

ifd(Z) Desired ‘increase in gross product
b (1) X .6.5% -(sucres)

‘;,(3) Amount contributed by institutional users
PR (2) x:55.26% (sucres)

\75(4) Amount of investment required (3) x 2.270
(sucres)

‘,‘ﬁS) Erevious investment level (sucres)

”*-(6) Percentage increase in investment required

(5) 4)

10,329,582,;285

67,142,285
37,102,827

84,223,417

371,300,000

22.68

Lo, 396, 7205575

67,578,710
37,343,995

84,770,869

455,523,417

18.61

10,464,303, 285" .

68,017,971
- 37,586,731

85,321,879
540,2945286

15.79

4V§Sf



CHAPTER VI

SUMMARY AND CONCLUSIONS

3[The objective of this study vas to improve upon the technique

:Fhwhich utilizes the relationship between capital and output as an. in=-
Anvestment criterion. The irvestigation wag carried out in the fol-
‘:*lowing manner. First, a review of the existing utilization of the
f;ecapital-output relationship in the context of growth models was per=
}iiformed.: Most writers on this Subject find the bases for their ap-
i;proach in the growth models developed by Harrod and Domar,
Second, the basic ratio- between capital and output was examined.
';fStarting with the definitions of the concepts involved,: the derivation
" of the capital-output ratio was achieved. Various forms of the cap-
| ,ital#output ratio were identified; as well as the'appropriate use of
:ykeachtﬂiAt'this'pointi further consideration was limited to the incre-
t‘nentai'capitalioutput ratio (ICOR) as the appropriate investment cri-
ﬂi:terion.; he different measuring dmvices of capital and output were
j?!regarded, with the problems involved in their se. - Basic assumptions

.Qh}and ahortcomings of the technique were presented to insure accurate

‘iof the relationship.r The analysis was then carried one step

discussing the factors whichg’auae variation in the ICOR
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'iand by supporting the theory that the ICOR remains relatively constant}J
 during the process of development.

Third, the basic ICOR was modified to reflect the effect of lag
periods‘andg"freeffactors." Lag periods refer to those loans which do

not reeiize all of their return 1n’the same period in which the loan
*wee-ﬁede; "Free fectore“ are those variables that alter the level of
output but ere unrelated to the change in capital use, The major
"rree factor" considered was the price level,

Fourth, the application of the refined and modified ICOR was il-
lustrated'by_utilizing sample data from Ecuador's agricultural sector.
The reeulte of the application of the refined ratio, as well as modi-
fications of the ratio, proved to be quite meaningful with the Ecua~-
dorian example. The final ratio of 2.270 is very much in line with
what might be expected, The adjustments for the lag period and the
price level were almost offsetting in this particular case, but
proved to be very important adjustments. Even though it is impos-
sible to statistically test the accuracy of the developed technique,
the .outcome of this one demonstration of the approach looks promising
for future use.

The results of this study provide an improved methodology for
qetermining the level of investmert required to achieve a determined
vrete'o‘ growth in an~economy. Because the methodology is macrooin"

;scope, it is impossible to ‘test the. ecceptability of the epproach

f.with the limited amount of data available' however, it seems‘~#*




59

}jpo'sible,toxconclude% havjwhenever new, meaningful variablef;are

?;identified and utilized in attempting to understand. a relationship,;f}{f
é:measurement of thaf relationship hao become more . accurate. L
: Ecuadorian sample _ata are utilized as an illustration of the o
»Imethodology developed., It is impossible to precisely evaluate the .“‘
vioutcome of this one application of the technique due to the lack of
results from alternative approaches with which to make comparisons.
'The only real "test" of the resulting outcome is a rough compariaon
.with what few existing ratios are available for Ecuador and for other
r;countries in a rinilar stage of development. ‘However, since the de-

“kaveloped methodclcgv dnes consider additional variables, the final
Hfratio;might be expested to differ somevhat from other published ratios,

x“ithus’further complicating evaluation.

W The technique presented.considers the investment required by the
,fagricultural sector, butfit does not congider the allocation of the in-=
deeatment within the sector. Nor, does it consider how the credit is

’}ato be administered. These are investment decisions that must be made

‘::with other types of inveatmentgcriteria and are mot meant to be in-
b"cluded in this study. i B

As stated in Chapter III, there has been chh criticism of the

.....

5iffbut the important point is that the tool is being useo. And, if it is

"going to continue to be used as a major investment criterion, at-

tempts should be made to improve upon its use.v This study makes one :

suqh-, attempt- |
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