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Abstract

Purpose: We approach here the question of dynamical behavior of Total Factor Productivity (Hence TFP) and inputs of
firms by constructing theoretical relations of economic parameters that considers economic growth.

Results: This article develops a relationship of TFP and its dependent variables; a partial differential equation of TFP
is established here and a set of relations of inputs are considered also. A recurrence relation and a second order differ-

ential equation of inputs are established here.

Limitations: It is not proper setting to study TFP and inputs of a firm fully since all the parameters are not considered

here.

Contribution: The dynamical behavior of TFP and inputs of a firm found in this paper suggest that policymakers should
seriously consider the investment, embodied technology and other factors of TFP for better business policy. The study
of inputs focuses the additional valuable guidelines for policy reforms by establishing various relations between inputs

and different economic parameters.

Introduction

Today, GDP per capita of Luxembourg, the richest country in the
world, is 173 times of the poorest country Burundi. Economists
around the globe have been trying to find out the inherent fac-
tors behind the differences since 1950s [1]. Consequent studies
pointed out the importance of investments in the useful econom-
ic system and the effective embodied technology in generating
progress of total factor of productivity (Now TFP) but different
types of inputs (such as: human capital as it is characterized by
skills, knowledge and experience acquired by an individual or
group and research and development, fuelled by huge capital
flows and trade booms) used to gear up the TFP have certainly
been vital also [2, 3]. TFP is also influenced by labor and ecosys-
tems negatively. All these factors except embodied technology
are marked by other factors in this paper.

The factors affecting TFP in this paper is based on four parts.
The first is that new and properly used investment lies at the
core of TFP growth. Continued well- directed investment with
inputs and other factors lead to the steady state optimal growth
of the economy [4-6]. The second factor is that inputs happen in
every portion of the economy due to the actions of research and
development (Now R& D) and human capital on TFP. Inputs
play an indispensable function in the economic growth system
whereby development of R & D and human knowledge and skill
increase output with realistic worth. The third factor is embod-
ied technology. The change of embodied technology requires
investment to affect TFP. The relationship between investment
and embodied technology is an open question. Technological ad-

vances made equipment’s less expensive and faster such as the
development of computers. New computers are easier and faster;
powerful and efficient for telecommunication than old one. Eco-
nomic growth is dragged behind by labor intensive technology
and ecosystem. Other factors play a watchful role to develop eco
— friendly growth of TFP in a complex world.

Most models of TFP and its growth rely on growth of capital,
labor and output of the economy by using Cobb- Douglas func-
tion. But they do not consider different factors affecting TFP and
also ignore the economic policy and its effect on TFP and time
also. We consider here a ratio between new TFP and old TFP
and try to understand the properties behind it in the introductory
part of the model in Section III. This property is taken to be the
defining characteristics of developed TFP.

In the model 1, a relation between TFP and its factors is estab-
lished. This relation shows that TFP takes an exponential shape
as time proceeds. In model 2, a partial differential equation of
TFP with respect of investment and time is established; a recur-
rence relation of inputs is also formed; rate of change in inputs
is also established and an equation measuring how the rate of
change of inputs change itself is also established by creating a
second order derivative.

TFP creates several different options. Firms or countries do not
merely conduct a single type of activity associated with TFP but
rather perform several activities such as trade, new investment
(it may be foreign direct investment) etc. There is a growing
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need for new technologies and new investments in different ar-
eas of technologies by the firms or countries. It is possible to
calculate the effect of new investment in its subdivision of inputs
also if new investment is known.

Literary Review

Almost all economists accept that role of technology in the
growth of economics contribute significantly. Abramovitz and
Solow studied the relation between the technological change
and economic growth empirically and realized its importance
in capital formation [1, 2]. All of this work addresses the state
of knowledge which assumes that economic system is always
in the definite realist state and hopes that unexplained portion
about the realist state of economic system will be explored as
time proceeds. This leads to the fact that knowledge is growing
with time. Economic growth depends on exogenous variable and
the quantity of knowledge is so vast that it is hard to measure
with intellectual satisfaction. It is argued at that point that a dis-
agreement comes in terms of uses of embodied technology by
Jorgenson as time advances [3]. Jorgenson provided an account
of the underlying reasons for deep disagreements on econom-
ic growth and to express these in an analytical with a practical
frame. The relation between total factor productivity and rate of
embodied technical change is the conventional, illustrative, area
which depends on assumptions of models only.

Miller & Upadhyay studied the economic growth in the light of
human capital and openness by analyzing a thirty year - panel of
eighty-three countries around the world [7]. There is a positive
effect by human capital on TFP at 10- percent level for high- and
middle-income countries; however, under this model it is ob-
served that human capital bears a negative effect on TFP for the
low-income countries especially African countries but TFP ex-
periences a positive effect when human capital and openness act
together in the case of African countries. Their data also shows
that there is no significant indication of effect of human capital
and openness on TFP in the case of Asian countries and high-in-
come countries but a negative effect is observed in the case of
high-income countries when openness crosses its limit. These
results indicate that effects of openness and human capital on
TFP do not bear a positive role always.

In order to dig out the sources of growth of TFP it was a ques-
tion whether occupational choice and credit constraint had an
effect on price dynamics and wealth distribution at the micro
level. Jeong & Townsend studied TFP of Thailand for a period
of 1976 to 1996 empirically and found that financial deepen-
ing and occupational shift explained most part of the aggregate
TFP growth [8]. As with the growth — inequality relationships,
more convincing insights and key factors behind it were derived
from Thailand case studies. Indeed, much of this paper could be
observed as trying to expose precisely the importance of TFP
generated inputs in a firm.

Resource misallocation effects highlight the aggregate TFP con-
cerns about worsening (Restuccia & Rogerson 2013; David &
Venkateswaran 2019) [9, 10]. Particularly in India and China,
a comprehensive view of manufacturing firms of higher mar-

ginal products provides expansion of heavy plants at the cost of
shrinking or elimination of inefficient firms. Firm — level data
also suggest the perennial claim that gaps in marginal products
of capital in India could take a leading role in framing the low
manufacturing TFP in India [11]. Effects of capital liberaliza-
tion, financial frictions and misallocation are fostered by some
visible and well promoted studies in the developing countries
with important discussions about how much the firm’s input to
misallocation quantify the aggregate productivity [12-16]. The
hypothesis is constructed here that firm’s input in general can be
ascribed to productivity which gives rise to problems for which
responses are selected with time function. The evidence so far
mentioned from economic literature is only suggestive. The aim
of this paper is to formulate the firm’s input more precisely and
draw from it a number of implications.

At the time of discussion with bubbles and TFP, Miao & Wang
conclude that the increase in TFP is caused by the additional
capital to productive firms but conversely the fail of bubbles
leads to deteriorate the efficiency of investment also [17]. Their
findings show that the relation between stock price bubbles
and capital is positive and highly significant as bubbles assist
to lift TFP. It is indicative from their findings that efficiency of
investment depends on economic policy and technology that is
especially on the advancement embodied technological progress
[18-21]. These should enable to form a hypothesis that firm’s
input depends on TFP, embodied technology and other factors
also. The results about the movement of the firm’s input present-
ed here differ from those in most standard economic theories;
movements of TFP depend on investment and time and the dy-
namics of inputs rely on its internal system which can be express
in a differential mode.

Model

Suppose a new economic policy is imposed in a country or in a
firm. This effects productive system and simultaneously on the
total factor productivity also.

Let 4, be the TFP of the new economic policy at time t and 4, be
the TFP of the old system when t equals zero that means from
ghat time new economic system is implemented. Again, we take
A—Zbe the corresponding relative TFP of the economy at time t and
denote it by A*which is to be studied. Then it may be considered
as a list of TFP of new economic system with respect to old eco-
nomic TFP. Assumptions made a priori about 4* (i.e., continuity
on the relative TFP functions) define the space of Economies to
which the study is restricted. The authority receives a return of
the relative total TFP by implementing the new economic policy
as aar
- (@

Model 1

This return (o) expresses the change in the relative TFP of the
old system with the new one. TFP may be represented as the in-
formation necessary to achieve certain outcomes produced from
a particular means of combining or processing selected inputs.
This model has two components. The first one is comprised of
E y dt where E is embodied technology measured from the stock
of new knowledge which is derived from economic transaction
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and y is investment of capital to implement new economic pol-
icy. The second one depends on F t df, where F is other factors’
cautioning the limitless growth of TFP that is F is an unenthusi-
astic factor affecting TFP.

Then,
L~ ydt-Ftdt. (1)
Or. logA* = —F—tz +E yt+ Constant term.
, 108 >

This constant term reduces to zero when t equals with zero and
that time 4, = 4, which gives 4* = 1.

Then, )
X Ft
A" =exp (Ext-£5) )

This gives,
A _ I
Ao—exp (Ext . ). (3)
This equation also gives,
2
Ac=Agexp (E xt— —-).(4)

Claim 1: TFP at time t of new economy policy depends on the
shares of old TFP as well as on the other factors negatively, em-
bodied technology, time and the new investment exponentially.

Model 2

A change in new investment can cause output of per unit input
TFP to increase, even if rate of the technologies remains un-
changed. This reinforces the basic point that growth of new TFP
depends on new investments, other factors and embodied tech-
nologies and it tries to free from the bondage of old TFP as time
proceeds.

It is possible to assume relative A** as a continuously differen-
tiable function (It means there are negligible set of critical values
in the set) which will be represented by a point at ‘t’= 0 and see

what happens in the neighborhood of that point.

Now the economic policy is structured as follows.
Assumption 1: Relative A* is continuously differentiable att = 0.

Assumption 2: A* = [x;, |5~ is the list of inputs used by a firm
that generates TFP, there is some value B such that x = 0 for all
n>B.

Now we define 4* by means of the relation

A=Y 0%, (X) t™ , valid for all finite y and t. (5)

These equations show that TFP is highly specific and encom-
passes multiple definite sub-processes of inputs.

As we observe the previous relation (2),

N Ft?
A"=exp (Ext ——=) inwhich A** has a series expansion.
Then,
4" _ .,
S =4 (Ex-F1)(6)
and

04* N
T=EtA.(])

From equations (6) and (7), we find the equation,

Ft 94" 94" _ ;
(X_?)a_tg—o,prowdedE;tO.

It can be written as

Fty .. ._ . _ 04 ._ oA
(X'?)Ax -tAth,whereAxfaandAtf?.(8)
Claim 2: Total factor productivity at time t follows a partial dif-
ferential equation with respect to investment and time.
The equation (8) can be written as,

A _x F
A, t E’
Ay y F which establishes the relation
a B
9
F t log % ( )
X

Claim 3: Effective embodied technology depends on other fac-
tors, investment and time.
Since

A=Y 0%, (O LT,
it follows from (8) that
X Tiioxy QO -7 Tito 2, (O £ - g mxy () £7=0.(10)
In the second term, replace n by n - 1 and get,
X Tito X OO 7= Bt 2y GO 7 -2 Bty X,y (0) £ =0. (1)
Since x;z_lo() =0, forn=0, 1 we get,

X Tito X QO 7= Tt 2y QO £ -2 Bt X,y (1) £ =0.(12)

By equating co-efficient of " we obtain,

E X xy(X) = N E % () + F 21 (0)- (13)

Claim 4: The growth rate of inputs in its n-th subdivision mul-
tiplied by embodied technology and investment is equal to the
sum of product of old input with other factors and also product
of embodied technology with the number n and current input.
Also, the relation,

Ft? .
exp (5~ + Ext)=Xnox, Q) t"

yields at once by differentiating with respect to y and get,
EtEioxn () " = Zio X, (0 - (14)
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O E Y3 0%, () t" =X 0%, (1) t" . (15)

Trzotn-1 Q) "7 =2, 00) 0+ iy, () E7
[Here, xé, ) =0]
This gives the equation,

X, (X) = E xp_1 (X) - (16)

Claim 5: Rate of change of inputs equals with the product of
embodied technology and old inputs.

From equations (12) and (15), we obtain the recurrence relation

X" (X)’
0 Xy (X) - X EXneq 00) + F %52 (x) = 0. (17)

Claim 6: A recurrence relation for inputs x (y) is established
when n > 0.

It also gives the differential equation of x (y),

Fx, (X)-E%xx, (x)-E?nx,(x)=0.(18)

Claim 7: A second order derivatives of inputs x (y) is formed
when n > 0.

Discussion

In claim 1, we find out that TFP depends on five basic parame-
ters such as old TFP, other factors, embodied technology, time
and new investment. Since TFP function in our model is a con-
vex function for large dataset then it offers a consistent approx-
imation. It is known that new investment is an important source
of TFP growth which can be assessed in components of con-
sumption [22, 23]. Our findings also suggest that embodied tech-
nology is also an important driver of TFP as developed by many
researchers recently by contradicting the claim that embodied
technology is important in the short run only [24-27]. Many
economists have focused on the improvement of other factors
and time as a source of increased TFP [28-30]. This interpreta-
tion is incorporated in our model in claim 1 by assuming all the
above parameters that affect the growth of TFP qualitatively as
well as quantitatively.

The novel equation of claim 2 proposes a relation between the
marginal TFP function with respect to investment and the mar-
ginal TFP function with respect to time also. It indicates a spe-
cific use of TFP to which an agent will invest money to enjoy a
definite increase within a certain period of time or the specific
use of TFP that will be abandoned in response to a given de-
crease. This also gives in our claim 2; the marginal TFP with
investment detects the best position and time that it can avail
optimality and the precise application of TFP experienced a rap-
id immense development of the economy of backward countries
[31].

A reasonable behavior of the embodied technology is observed
by establishing the relation in claim 3, in which the product of
effective embodied technology and investment solely depends
on other factors and time endogenously. Claim 3 ascertains that

when the other factors are active in dragging the economy be-
hind and time is not favorable, the huge amount of investment
in economy and the application of sophisticated technology will
not be effective to increase the growth of economy as observed
in US and Europe by Comin et al. [32].

The growth rate of inputs in claim 4 follows a recurrence re-
lation depending on embodied technology, investment, other
factors and growth rate of old inputs. From the equation (13)
investment is measured in ratio of inputs and growth rate of in-
puts when n equals with one. Growth rates of inputs in differ-
ent stages can be calculated by recurrence relation by taking n
equals with one, two etc. Other factors are negative factors that
dragging the economy behind can also be calculated from the
equation (13) by putting different values of n. The concept of
growth rate of inputs is basically firm specific that is close to
sustainability which is included in our model as other factors.
The analysis of TFP of the China’s economy is structured around
the conceptual framework of Chen et al. and Feng et al. with the
question of sustainable economic growth which can be explored
in claim 4 by estimating other factors [33, 34].

Economic growth comes from technological progress, which in
turn consequences from embodied technological performance
among different research firms that produce improved ideas.
Embodiment means because of technological advance; the new
inputs are more efficient than old the old ones. The growth rate
of new inputs is dependable on embodied technology and old
inputs as established in claim 5 which is alluded to by Hesmati
& Kumbhakar; Mastromarco & Zago; Gordon and many others
[35-37]. This also indicates that research firms are stimulated by
the prospect of embodied technology that can be incarcerated
when a successful technology is patented.

The features of embodied technology are extremely inter-reliant
and cannot easily be distinguished from the movement of inputs.
The characteristics of the inputs that are considered in our model
include other factors, new investment, embodied technology and
the movement of old inputs also. Assuming that TFP is proper-
ly specified and that other factors and investment are evaluated
from previous claims then the movement of inputs is explained
in our claim 6 by considering a recurrence relation of inputs in
its different sub-divisions.

From the result of claim 7 and also from the discussions of TFP,
so far, has been the understanding that the inputs are combined in
such a way as to produce the optimal potentiality of the growth
of economics. By deriving the differential equation of inputs in
its subdivisions, we can predict the dynamics of different stages
of inputs with the other factors, investment and embodied tech-
nology. Our results, so far discussed here, show that feedback
effects from the micro level of inputs and different economic
factors to macro level variables are important in determining in-
puts impact on TFP and economic policy of a firm in a compar-
ative framework.

Conclusion
This paper has tried to derive the result that new TFP depends
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positively on different economic parameters which contributes
the economic performance in a certain period of time. For vari-
ety movements of TFP, the best optimization position and time
of TFP is determined in our model also. Application of huge
amount of investment with misled technology provides a little
less effect on the economic performance than one firm owner
might wish but the preponderance of investment specific tech-
nology with a specific position and time certainly favors the eco-
nomic growth. The depending factors of inputs have an effect
on economic policies being encouraging but it would be more
helpful when inputs will be calculated in its subdivisions. This
promotes that a successful application of embodied technology
with new investment will be effective to the growth of TFP. One
might observe also that it is interesting and suggestive that the
dynamics of inputs of a firm would be easy to analyze in light of
a recurrence relation of inputs in its least possible subdivisions.
In fact, such recurrence relations frame a new second order de-
rivative relation of inputs and are helpful aids in finding out the
characteristics of inputs in its micro-level.

Limitations and Study Forward

In sum, the features of TFP and inputs of a firm appear in our
model to have some predictive power and will be tested when
dataset is available. Any attempt to comprehensively measure
the inputs needs time and energy to collect the required dataset;
the results of these efforts may be available long after policy-
makers will collect all the stagnant and limp economic parame-
ters which are not considered here. Because informational needs
are important, the study of the dynamical behavior of TFP and
inputs presented here would prove functional. Exactly how these
studies predict the outcomes of the nature of TFP and inputs of a
firm by considering all the economic parameters remains a topic
of ongoing research.
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