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A Model of the Growth of a 

" Managerial" FarlTl Finn 

Jung Hwan Lee 

This paper represents an attempt to make a contribution towards 

the theory of the growth of the farm firm by rigorous development of 

a growth model combining growth with managerial factors. There 

have been increasing battery of works alleged to depict the growth of 

the firm. Some of these analyze the importance of managerial factors 

in the growth of the firm (3, 5, 6, 7,21), while some others incorporate 

the concept of adjustment cost and derive the optimum growth rate 

and growth path (4, 9, 10, 17, 26). No one of them, however, has 

succeeded in presenting a consistent answer to the essential questions 

which the model of growth must be able to answer; What is the source 

of growth? What limits the growth of the firm? What is the process 

of growth? Why there exist such big differences between firms in 

their growth? To make a frontal attack on the problem I prepare the 

factor of managerial ability and specify it as the augmentation speed 

of knowledge in the firm, and advance the theory here that the growth 

of the firm in general is to be ascribed to managerial factors and then 

draw from it some important implications. 

In section I, I present the basic assumptions for the firm in my 

model. Section II and III describe four kinds of farm managerial role 

and corresponding abilities, and formulate them by adapting the concepts 

drawn on the stock of already accepted ideas. I proceed, in section 

IV, to weave them with a precise mathematical development into a 

general explanatory growth model of a farm firm, extending the range 

-163-



of the role of the farm manager 1) from an operator to an innovator. 

In section Y, an investigation for the economies of scale in my model 

is presented. 

1. The basic assumptions for the structure of the farm firm. 

The firm in this paper is conceived as a collection of productive 

resources organized by an administrative entity to procure the required 

productive resources and to sell the farm products. The farm manager 

as the administrative entity possesses his own land and a little family 

labor, and purchases hired labor, fertilizer, seed and machines etc. to 

produce farm products for sale. 

Output of the farm (Q) is related to the purchased input (Y)

hired labor and fertilizer etc. and the self-supplied input CL)-land 

and family labor by a Cobb-Douglas type production function with 

diminishing marginal productivity of input. 

Q=W y a L,8, Q"v<O ................................. (1) 

The quantity of land and family labor is fixed and regarded as 

a given stock for the given year's production. The farm firm is as· 

sumed to decide the input quantity of purchased input and to distribute 

the self-supplied input to each production line so as to maximize the 

value-added of the self-supplied input of the year. The farm firm 

purchases and sells the purchased input and the output in perfectly 

competitive markets with constant prices over time. The latter as· 

sumption seems heroic. Leaving out of the assumption, however, will 

not change the basic implications of this model although some addi· 

tional implications can be obtained as shown in some authors' works 

(9, 17). 

II. Technological role of farm manager and corresponding abilities. 

In microeconomics, the production technology of a firm is abo 
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stracted by a production function, and its change is by transforma

tion of the function. This kind of abstraction for the technological 

side of a firm has been regarded as necessary and sufficient for the 

theory of the firm_ 2) It proves, however, that a new view for the 

technology of a firm may provide very impressive ideas for the evolu

tion of the growth theory of the firm. Drawn into a little more en

gineering or biological aspect for it, we realize that the technique of 

a firm can be specified by following three factors: 3) 

a. what inputs, and what type of the inputs, employed for the produc-

tion. 

b. how the inputs operated. 

c. how well the inputs operated. 

Expressing it with a vector for simplicity. 

t=( 

1
m 

l s 

where t denotes a production technique, 

is the set of input, 

m is the set of mode of operation of the set i, 

s is the set of skill of operation of the set i, 

We can infer from the above specification that change of the produc

tion technique of a firm will be induced by, change of the input set 

(D, improvement of the mode(m) and the skill(s) of operation. 

Meanwhile, production function is defined as a function to show 

the maximum output attainable from a specified set of input. Here 

.. maximum output -" implicates it presupposes the best mode of opera

tion and the best skill the farm manager can do. Therefore, the pro

duction function is to be transformed when the mode of operation is 

bettered and when the skill of operation is improved. And of course 

by change of the specified set of input itself. 

We have to note that these three kinds of source of technological 
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change in a firm are just availability and their appearence in an in

dividual firm is made in practice only by the managerial decision and 

behavior. This consideration tells us that the technological roles of 

the farm manager are accomplished and revealed by the way of the 

three routes. 

I call the effect of the last two factors, m and s, on production 

as operator effect,4) since these two factors are concretely associated 

with the activity of operation of the farm manager. This operator 

effect (28, 29) which is associated with the purchased input in the 

physical production process, means to produce different quantities of 

output from a given bundle of input according to the operator, and 

the effect is supposed to be be augmented over time 5) of operation by 

the process of learning, that is, integrating the personal experiences 

acquired during operation and the transferred knowledge about the 

given input and output the firm uses and prodcuces. 

I assume the operator effect, W, augments with a diminishing 

rate over time as expressed in (2), in which A is'the very parameter 

of the farm manager's ability as an operator, The assumption of dim

inishing augmentation rate is founded on the allegation that the rate 

of change in useful knowledge is related to the size of the gap between 

the possible maximum level and the one in practice (2, 20) . 
~= t~l ................................. (2) 

W
t
=W

o
C1+t)A ...................... ,. (3) 

WO=WOO.) ........................... (4) 

W 0' which is the initial level of operator effect at the moment of 

adaption of the given input, output and method, is considered as an 

increasing function of A, since the initial level itself is the consequence 

of past learning (22, p. 54). 

I call the effect of the factor i on production as innovator effect, 
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since it is associated with the activity of decision making for new 

input of the farm manager. Innovator effect (18, 20, 29) is to search 

and decode the informations for new input and output, and to evaluate 

the benefit and uncertainty associated with them, and then to decide 

the adaptability of them to his farm. This ability is expressed with 

a parameter, rate of increasing the knowledge for new things and 

adapting them. This effect, however, grows in a very different pattern 

from the above operator effect, because the gap between the available 

maximum knowledge and the one in practice is not shrinked over time 

as far as advanced inputs and outputs are developed in the economy 

without pause, which is the real situation of a dynamic economy. 

Formular specification for the augmentation of this effect is delayed 

by the section IV. 

HI. Allocational and organizational role of farm manager and 

corresponding abilities. 

I present in this section two kinds of non-technological role of 

farm manager associated with production activity. The one is the role 

of allocation and the other is that of organization. 

Allocator effect (9, 13, 28) is to determine the input quantity of 

purchased input for each production line, gathering and decoding the 

informations transferred and acquired with personal experiences for 

the purchased input and the output. The farm manager without per

fect knowledge for either his input and output or for the market takes 

the process of dynamic adjustment toward the optimum over time, re

flecting the newly acquired knowledge. I specify the process of ap

proaching to the optimum quantity of purchased input with the con

tinuous partial adjustment form. 

V= D:o V* _ ................................... (5) 

V* is the optimum quantity, and 0 is the adjustment speed. D is the 
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differential operator. This speed is the paramenter of the manager's 

allocation abili ty. 

Organizer effect and coordination cost (22, 24) are concerned 

with allocating self-supplied input among multiple production lines, 

and making an operation system. 6) As for the coordination cost, there 

are excellent papers to have applied the concept of adjustment cost to 

the problem of investment and growth (9, 17, 26). Co-ordination cost 

in this paper is corresponding to the adjustment cost, but it is not nec

essarily identical with it in its source and explanation. This cost, 

foregone output in more precise meaning, is associated with both ex

pansion of self-supplied input and innovation. Both of them should 

require a revised organization but the farm manager without perfect 

knowledge can not accomplish the reorganization immediately (19, 22). 

A part of product (or revenue) which otherwise is supposed to be 

produced with the quantity of input is to be sacrificed and foregone 

due to the above imperfect reorganization. Consequently, the apparant 

production function is obtained by revising the 'supposed production 

function' (1) in section I with the complementary term which cor

responds to the sacrificed quantity due to expansion and innovation. 

This co-ordination cost (ifJ) is assumed to be a function of expansion 

size, E, and investment for innovation, IP It is twice differentiable to 

fulfill the following conditions: 

ifJ=ifJ (E, 1) 

¢'E, ¢'I>O 

¢" ifJ" E, I>O 

(6) 

(7) 

(8) 

Therefore the' apparant production function' will be, 
A 
Q=Q(V, L)-ifJ(E, I) ..................... (9) 

Due to the same reasoning in section II, the co-ordination cost is assumed 

to diminish at a rate 0, which is the parameter of managerial ability 
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to organize the fixed input and the operation system. 

-et 
sOt=¢(E, I) e··························· (10) 

IV. Growth path. 

1. In this section I will develop the growth path formulating 

the above concepts. Growth of the farm firm is defined as growth in 

the farm firm's activity represented by its total revenue. Let us sup

pose the farm to expand its land as much E and invest the amount of 

I for a new input at time t=O. The growth path of the farm firm is 

obtained by substituting (1), (10) into (9), 

R =P {W V aLf3 -¢ (E I)} ......... '" '" (11) 
t q t t t' 

Where, L=Lo +E, and Pq is the price of the output. The opti

mum quantity of the purchased input, V*, under the fixed quantity of 

land, is given by a simple calculus 8) 

V*=ML a .................................... (12) 

I 

where, M=(W p;IPq) I-a 

a=~f3~ 
I-a 

P V is the price of the purchased input. 

Substituting (11) into (4) and solving the differential equation, we 

will find the actual input, 

(13) 

VO=pV*=pML a ................................. (14) 

p=p(o) ............................................. (15) 

where p is the appropriate number to express the ratio between 

the optimum and the initial. 

This p is also considered as an increasing function of the adjustment 
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speed, 0, due to the same reason as for the operator effect. Substi tu t

ing (3), (10) and (13) into (11), we are given the complete growth 

path; 

R
t 
=P q{W 0(1 +tl(l-e -ot+ pe -ot)lfMlfL a -~(E, I)e -ct} ... (16) 

We proceed to formulate the growth rate over time. Transpose 

the co-ordination cost term, ~, in (9) and take logarithm, 

In(Q +~ ) =InQ ............ '" ............ '" ... (17) 
t t t 

Differentiating it with time, we obtain, 

. . 
W V E 

= W +lf V +.8y 

= __ A_+ o(l-p) .................. (18) 
t+1 eot+p_l 

Meanwhile, with a simple development we can obtain, (see appendix 2) 

/\ 

Qt 
-,-= 

Qt 

¢t 
+e)~ ......... (19) 

Qt 

Therefore, . 
Rt ( A + o(1-p) )+(_..1_+ o_Cl-p) +0:) 

-Rt = t+1 eOt+p-1 t+1 edt+p_1 
-et 

-c¢;::-e __ •••••• (20) 
Qt 

The growth rate at time t=O, t=a::l, 

Rt I ° 0 ~ - =(..1-o+-)+O-o+-+e)-- ...... (21) 
R t t=O P P QO 

R' 
R: It = a::l ~O ............................................. (22) 

We find the growth rate is a function of the three managerial param-
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eters and diminishing down to zero as time passes, which means the farm 

firm falls into stagnation. 

2. The remaining problem in this P 

model is how the size of expansion is 

determined. Fig 1 represents it. The 

necessary condi tions for profi t maximiza· 

tion are: 9) 

L-_-'-_..:....:!.::::-_____ E. 

E· 
Fig1. Optimum expansion. 

i) r;=c; ................................................ (23) 

ii) ;;. <0 .......................................... (24) 

where, r; is the present value of marginal revenue of expan

sion, ~ is the marginal cost of expansion. Meanwhile, 

11=f=~e -rtdt 
o aE 

f = 2 -ot -ot a a a-I 
= 0 Pq{Wo(l+t) (l-e +pe ) MaL -

- et - rt ( ) ¢'E(E, I)e }e dt ............... ...... 25 

where, r is the interest rate. 

Using the average theorem 1, (see appendix 3) 

Pq a a-l( )A (1 -0",+ -o,,)a r;=-r-WO aM L 1+" -e pe -

P 
e ~r ¢'E······ ...... (26) 

where, " is a proper positive number. 

And, 
c;=P ............................................. (27) 

1 

where PI is the price of land. 
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E*, where 7; is crossed by ~, is the optimum expansion. Second order 

condition, (24), is satisfied if a+ {3 is not enough bigger than unity. 

(see the appendix 1) 

3. Owing to the process of learning explained in section II, 

knowledge in the finn is augmented continuously over time after ex· 

pansion. Production technique is growing, allocation and organization 

is progressing to the optimum condition, and accordingly the capacity 

to expand again is to be accumulated. 'n' years after expansion, the 

marginal revenue curve of expansion will become. 

-en - ai!: 
where, .p'(E*) e =~f(E) andan<O ...... (28) 

T is the same positive number with the one in (26). Its slope is 

given, if we take the simplest case of a+ (3=1, 

aT) ~"(i!:+E) 
-aEn 

= - P q ~-"-e-+~r~-<O ........................... (29) 

It means the curve of the present value of marginal revenue of expan

sion shifts upwards from the starting position as time passes after ex

pansion as shown in fig 1, while the marginal cost CUrve of expansion 

is fixed at P r Therefore the new optimum expansion size will grow 

year by year and it will playa role to stimulate the farmer to expand 

again_ Although I am not preparing the precise formula to show when 

the farm will come into implementation,IO) the farm will expand its 

land again in time and starts a new expansion cycle. 

It will be very useful to investigate the relation between the 

optimum expansion and the current size of land at a given time by 

constructing a phase diagram in the (LO' E*) plane as shown in fig 2. 

(See appendix 4) 
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E. 

~---a-+-P-=-l--------LO '----:f------------ LO 
a+p < 1 a+p >1 

Fig2. Current size and optimum expansion 

By definition 

1j(E*) =~(E*) ..................... '" ............... '" (30) 

Taking total derivative and dividing with dLO 

d~o = a7
0 

+ ;~* ~~~ = 0 ..................... (31) 

As ;i* is non-negative within the relevant range, 

i. if a+ ,8>1, ar; dE* >0 aLo >0 and dLo 

ii. if a+,8<l, ar; dE* <0 a-r;<O and dLo -

It is not difficult to prove that 

i. if a+ ,8<1, 
dZE* 

-dLoz->O 

ii, if a+ ,8>1, d2E 
2a + ,8<2'-dLo2 <0 

iii, if 2a+ ,8>2, d 2E 
dLo2 >0 

What is made clear in this diagram is that the optimum expansion is 

decreasing, constant and increasing as the return to scale is decreasing, 

constant and increasing. In most probable cases, the rate of expansion 

should diminish, and we can conclude that even though continuous ex" 

pansion is available and optimum expansion is continuously implemented, 

the growth rate will converge to zero since the expansion rate, ~, is 

diminishing. To our surprise, the farm firm falls into stagnation again. 

But it is very implicative to note that there is a very interesting case 
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where the growth rate does not slow 

down, the case iii, 2a+ (9)2. Fig 3 

shows the region to satisfy the condi

tion. In other words, if the scale elas· 

ticity is fairly big, and if there exists a 

sp~cial relation between production co

efficients of the self-supplied input and 

the purchased input, optimum expansion 

rate does not diminish. 

4. As shown so far, the growth 

rate of the farm can not but fall into 

stagnation after all regardless of its 

/3 

Fig3. The region of continuous growth 

without innovation. 

ability to produce, allocate and organi?e except a very special case. 

What is the source to make the firm grow without stagnation? It 

is innovation. If we assume technological progress advances at a rate 

in the economy, we can also assume a rate of technical progress, 

g, in an individual farm firm. The rate is the parameter of innovator 

abili ty of the farm manager. It means immediately that the alterna· 

tive revenue of the firm, Rt , is increasing with the same parameter, 

Wo=Woegt .......................................... (32) 

- gt -Rt=Pq{e QO-¢(E ,I)} ........................ (33) 

The alternative revenue is the one subjectively evaluated by the farm 

manager. Therefore this value will be higher for the manager who 

possesses more informations for new things than who have less and for 

the manager who can more concretely evaluate the risk and uncertain

ty associated with the new things than who can do less. 

At T 1 in the fig 4, the alternative revenue of the firm is equa

lized to the revenue in practice and earlier or later innovation is 

taken. 11) Afterward T l' a new phase of learning starts, and according 

-174-



A Model of the Growth of a "Managerial" Farm Firm 

new actual and alternative revenue curves (R t2,Rt2 ) appear. Actual 

curve, R
t2

, is according to (16) without new comment, but the new 

alternative curve, Rt2 , requires p 

a new explanation. Adaptabil-

~ .. 

c ~ 

i ty of a technique for a farm 

firm is constrained by its tech

nique used hitherto and now. 

It means that the technique 

and its progress adaptable to a 

farm is confined to a part of 

all existing techniques and all 

newly developed techniques. Ac

cordingly, once a particular 

technique is choosed at time 

T l' technological progress re-

Fig4. Innovation cycle. 
• a in case of no co-ordination cost. 

b in case of no organization improvement. 
c the portion of "technological inflexibility. 

levant for the farm firm is confined, and alternative revenue will be 

Rt2 , not the extension of Rn which will be effective under the si tua-
p 

Fig5. Different innovation cycle according to different 
manager'lal ability 

"' a high ~ . t; • low A, 8 • E • 

b high E, t . high ,\ I [J , € • 

C lolV E , { • low A. ~ • e . 
d I«,w ( • S, high A,', E • 
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tion of perfect technological 

flexibili ty. This is the process 

that the particular technological 

system of each farm firm is 

and the particular technological 

distribution in an economy is, 

formed. 

We note the slope of the 

alternative revenue curve is de

pendent on the innovation and 

organization ability parameters 

for a given type of Q and 1>, 
but the time of innovating is 



and therefore the long-run growth path also is, associated with all other 

abilities as much as with innovation ability. Some illustrations are 

shown in fig 5. 

The final complete growth path of the firm, 

R =P emgTW (1+t yl(1_e- ot 1+pe -ot1)uM uL a 
t q ° 1 

-P qle- et2 .................................... (34) 
q 

where, T is the interval between innovation and innovation, t1 

is the time after latest innovation, t2 is the time after the later one 

between the latest innovation and the latest expansion, m is the number 

of innovation. 

Accordingly the growth rate over time, . 
R -et 
_t =( A + o(I-p) )+(_A_+ o(I-p) +e)~ 

R t t1 +1 eot1+p_1 t1 +1 eot1+p-1 Qt 

................................................... (35) 

If t1 =0, t2 =0, 

. 
R t gt a gt a qI 
--~=(e +,l+~-o+}.I )+(e +,l+~-o+}.I +e)---······ (36) 
R t p t P t Qt 

where, }.It is the rate of land expansion at time t determined in fig 1. 

V. Economies of scale is one of the subjects which have been debated 

most by economists (11, 19, 21) from early time and the definition of 

the concept is not always agreed by all. However, I will confine the 

concept of it to only production function, and discuss about two points; 

return to scale as defined with scale elasticity(8), relation between 

current size and optimum expansion. 

According to this model, ' return to scale' should be distinguished 

from 'return to expansion '. The first is static and ex-ante facto for 

the firm, while the second is dynamic and ex-post. It will be made 

very distingiushable to express in a mathematical form. 
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dQ m s = dm . -Q return to scale '" ............... (37) 

dQ m dQ d~ m 
e= dm '-(f= (dm---dm)Q return to expansion ...... (38) 

dQ m d~ m 
dm 'Q---dm'-Q 

= technological return to expansion - organizational return to 

expansion. 

Return to expansion consists of two faces; technological return to ex

pansion (=return to scale of traditional concept) and organizational 

return to expansion. 

We should note the important fact that constant or increasing 

return to scale does not always mean rationality of indefinite ex

pansion, since the advantage of larger scale is offset by the organiza

tional disadvantage, although to disappear in the end. As the organiza

tional return to expansion increases with expansion scale, we can 

speculate here that the more expansive and innovative the farm firm 

is, the more underestimated return to scale will be. 12) 

Here I like to point one thing related with the called optimum 

size in the diagram 4. As noted in the diagram, there exists a station

ary size of land, :L, at which no expansion is rationalized. However, 

it does not mean there is a limit of expansion for the farm firm. We 

have to note that the stationary size is dependent on the innovation effect, 

and the effect is growing at the speed of innovation. Accordingly, this 

stationary point is progressing forward so much as the farm firm's in

novation speed is high. In a dynamic economy, therefore, the farm is 

under shadow-chasing relation with the stationary size, as far as over

expansion is not taken. 13) 

Summary and Conclusions. 

I specified four kinds of managerial effect; allocator effect, 

organizer effect and innovator effect. I assumed imperfect knowledge 
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of the farm manager and learning-adjustment process taken in the 

firm. Incorporating these ideas, I developed a rigorous growth model 

and drew out of it following implications. Growth rate of an in· 

dividual farm firm is determined by its managerial parameters, the 

rate of learning, so to speak, its ability to improve its operator skill 

and to advance allocation, organization and innovation. In spi te of such 

importance of managerial ability on growth, marginal efficiency of rna· 

nagerial ability disappears in a stand-still economy without technologi

cal progress and change. The more dynamic the economy is, the more 

important managerial effect in growth of the firm will be. Because we 

found that the farm firm without high innovation ability or under 

stand-still economy could not but fall into stagnation, even if continuous 

expansion of land were available, regardless of the managerial ability as 

an operator and allocator and organizer. However, it never means in

novation is the only important effect of all, because the innovating 

time, and therefore, the long-run growth path is dependent on all otl1er 

managerial effects as much as on innovation effect. 

Land expansion is described as a learning-expansion cycle, while 

innovation is a learning-innovation cycle. The capacity to expand 

again is augmented continuously after expansion as the operator effect 

is growing and co-ordination is progressing, and this accumulation sti

mulates the firm to expand again. Very similarly, since the knowledge 

for new things is accumulated in the farm after innovation, alternative 

revenue is increasing and finally the firm comes into implementation 

of innovation in time after the alternative passes over the actual. 

We found in a dynamic economy there was no optimum size, 

but only stationary size in case of non-constant return to scale. It 

does not mean, however, there is any limit of its size because the 

stationary size is never caught up and there exists always only an 

optimum expansion regardless of return to scale. We found' return to 

expansion' was more useful concept than • return to scale' for growth 
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study. Return to expansion consists of return to scale in traditional 

concept, I called it technological return to expansion, and organiza· 

tional return to expansion. Since return to scale is offset by organiza· 

tional return to expansion, estimation of usual return to scale with 

scale elasticity is likely more underestimated if the firm is more ex, 

pansive and innovative or the firm is in a more dynamic economy. 

A a a -at -at a where, Q-r=WoCI +-r) M L CI -e +pe ) 

P Q P 
J1YL=a(a-l)_Q_-r _~<L¢" .................. (A) 
aE rP o:+r E 

. I' a+ 1'-1 I'(a+ 1'-1» > WhIle, a(a-l) = (--) ( --- -- - ) =------ - -0 as a+ ,Q-l 
I-a I-a CI-a)2 < t'< 

and, tft"E>O. 

The others are all positive. 

Therefore,:~-<o, as far as a+ I' is not so big that the absolute 

value of the first term of (A) exceeds the second. 

APPENDIX 2. 

Qt+~t 
Qt+~t 

¢t Qt 
= -~-- (0:+----;;---) 

Qt+¢t Qt 

¢t ¢t Qt 
= -e-A-----·-----:\.-~- --

Qt+¢t Qt+¢t Qt 
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APPENDIX 3. 

Sb Sb I(x ) If! ( '"C )dx = I( 0 If! (x )dx 
a ~ 

Where, between a and b, f(x) is continuous, If!(x) is differentiable 

and has constant sign. 

(proof) 

if SO(x»O, 

m If!(x)~I(x)lf!(x)~11If!('"C). 

where, m 11 are the below and above boundary of I(x) . 

. . . m S:cp(x) dx~S!(x)lf!(x)dX~11 S If!(x)dx. 

Selecting a number fJ as 

{/(x) If! (x )dx = p S:If!(x )dx, 

m~.u~11 

As f(x) is continuous between a and b, there should be a 

number, which is a~~~b, to satisfy f(~)=.u. Concludingly, 

{/(x ) If! (x )dx = I( 0 {cp(x )dx 

APPENDIX 4. 

From 1}(E*) =~(E*) 

d1} a1} a1} dE*_ 
dLo = aLo + aE* erCa- O 

a(a-l)Q-r >0 as a+[3>1 
rL2 < < 

;J;..<O (see appendix 1) 

dE* > ---0 
dLo < 
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and also 

d2r; (Jzr; dE* or; d2E* 
dL~2 = aLl C1 + dLo - ) + (JE* dLoZ = 0 

oZr; Q. 
where, oLoz =a(a-l)(a-2) rU 

a-2= 2a +;9-2 >0 as 2a+;9>2 
I-a < < 

. '. -:~:2 >0 if a+ ;9<1 or 2a + ,8>2 

(J2r; 
OLo2 <0 if 2a+.B>2 (of course a+;9>l) 

dE* dr;/dLo k 
Meanwhile, --.,-'7---->-1 dLo dYl / - ¢" ., dE* ---k 

c+r 

(k=a(a-1)Q. / rL2) 

Therefore, 

d2E* . 
- dLo2 >0 If a+ ,8<1 

d2E* 
CIi7<0 if a+,8>l but 2a+,8<2 

d2E* 
dLo2 >0 if 2a+J9>2 (of course 2a+J9>1) 
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Notes 

1. The farm manager, in this model, posseses his own capital and is respon

sible for all risk accompanied by his behaviors, and he makes all final de

cisions himself. In this sense, he may be rather called entrepreneur. 

2. It is far from denying the fact that a lot of brilliant studies have been 

made for the matter of technological progress in Economics. Most of them, 

however, stand on the macroeconomic aspect and their central aims are at 

the problem of distribution of national income and growth of national 

economy. And sometimes they pay their attention to this matter for the 

problem of aggregation of the capital. 

3. I am apart from the conceptual definition of the technique, and therefore 

from the philosophic controversy over the substancial definition, since 

I only intend to characterize a technique in a practical sense. 

4. I called it worker effect, immitating Welch, at the first draft. I preferred 

this new name because the activity of the farm manager in the farm field 

is something more than that of a simple worker. He is given the right of 

tactical decision concerned with his farm field work and rather should be 

be called operator. 

5. Time does not mean lapse of time, but rather number of experience for 

the production. 

6. Distribution effect of purchased input among production lines is not in

cluded in this model. It is considered to be more plausible to assume that 

the farm manager decides the required quantity of purchased input for 

each production line respectively and purchases the total quantity than 

decides the total quantity to be purchased and distributes them among pro

duction lines. 

7. The amount of investment for innovation is not necessarily the best argu

ment because some innovation, even though require same amount of invest

met with others, give bigger impact on the organization and cause bigger 

co-ordination cost when their characteristics are more different from the 

current one. 

8. Time effect on M is neglected in this paper for only convenience. M can 

be solved as a function of time, using Maclaurin series, but it makes the 

further development of this model too complicate to be handled without 

new fruits. 

9. In this development, the decision criterion with respect to the given year's 
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production of the farm manager is assumed to be value-added of the self

supplied input while the criterion for expansion and innovation concerned 

with long - run behavior is profit. 

10. I think we can find a clue for this problem in the respects of fund accu· 

mulation and land supply, and also in the theory of the behavioral science. 

11. I don't submit a formula to determine the precise time of innovation. The 

optimum time can be calculated under the assumption of long-run profit 

maximization. But thought the behavioral theory of the firm may be 

useful for this matter and pended this problem untouched. 

12. This implication is very similar to Shen (24). 

13. I have excluded the case of price change and over-expansion. If we take 

account for such cases, there happens the possibility of over-size, i. e., 
1\ 

the size of the farm is rightward beyond the L. Therefore, in the prac· 

tical world of fluctuating price and over--expanding due to mistake etc., 

some farms may be under over-scale. 
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