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ABSTRACT

I'he nature and role of macroeconomics is determined by or dependent on
context. This means that macroeconomics is contextual or context-dependent.
“Sustainability macroeconomics”, “macroeconomics for sustainability” and
“macroeconomics of sustainability” (MOS) are interchangeably used. MOS is
the eventual outcome of its contextualization. Though the effective life of MOS
started since the second half of the 1990s, it has remained in the stage of infancy
because of continuous process of (re)construction. The intensification of
(re)eonstruction for its further development is being observed since the
beginning of the 21st century. Reconstruction of Hydraulic Keynesianism (HK),
coined by the English economist Alan Coddington (1941-1982 A.D), in the
context of realizing sustainability, is needed in order to contribute to the emerging
MOS. Keynes's General Theory (1936) has acquired revolutionarily varied
interpretations, reinterpretations and/or misinterpretations, which had been
“lassified by Coddington into three different groups: (i) Hydraulic Keynesianism
(HK), (i) Fundamentalist Keynesianism and (iii) Disequilibrium Keynesianism,
while each group includes many analogous/homologous Keynesian models. It
iweds reiteration that Coddington was the originator of the foregoing
ategorization, but not the originator of any Keynesian model, which can be put
many one of the foregoing three groups. It is worthy to recall that HK consists of
our constituent Keynesian macroeconomic models: (i) Simple Keynesian
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Model, (ii) Special Keynesian Model, (iii) More General Keynesian Model or IS-
LM Keynesian Model and (iv) Generalized Keynesian Model. Though HK was
introduced in the context of exploring only the “causes, consequences and cures”
of the “persistent problem of economic instability” in the capitalist world, yet its
reconstructed version can be used to tackle the emerging problem of
“ecologically social unsustainability” or “ecologically unsustainable social
instability” through the gradual development “dual capitalism”, which implies
the coexistence of “ecological capitalism” and “social capitalism™.
“Ecologically social unsustainability” or “ecologically unsustainable social
instability” is renamed as simply “unsustainabi lity™.

Against the foregoing backdrop, this thesis seeks to overcome the ingrained
inadequacies of the conventional HK through the compositional transformation
of the conventional equilibrium equations of the two models of HK such as (i)
Simle Keynesian Model and (i) IS-LM Keynesian Model. For that purpose, this
thesis incorporates the relevant macro-ecological and macro-social/sub-social
variables along with the new policy measures and applications into them in the
reconstructed version of HK. Since the term “social” consists of various “‘sub-
socials”, an initiative is undertaken to describe how the “ecologically 'sub-social
sustainability” or “ecologically sustainable 'sub-social' stability” can be achievec
through the desired reconstruction of conventional HK in order to realize the
“ecologically social sustainability” or “ecologically sustainable social stability”
which is renamed as simply “sustainability”.
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1. Introduction

The economy is a hydraulic machine (Morgan & Boumans, 2004).

Extraterrestrial intelligent life in the form of human, superhuman or subhuman may exist
elsewhere beyond the earth in the universe. The following newspaper report will confirm the

foregoing statement:

Alien fever: Scientists believe in an exodus from Mars
By Danielle Bochove

Asian Age

Chicago, October 9, 1996

As “alien fever” continues to sweep the United States — and the TV networks — more and more
people are becoming convinced that intelligent life exists beyond earth, including some who
believe alien lifeforms have already set up housekeeping on the planet...... Humans have an
image in the galaxy. It’s not right now but it will be worse if we turn our backs on our
neighbours in need. .....Such “neighbours” include a handful of Martians already on Earth who
are waiting for a more welcoming climate before bringing an entire refugee population here.
...... According to a Harris poll conducted in August (1996), 53 per cent of adult Americans
believe there is intelligent life elsewhere in the universe and 40 per cent believe it exists within
our solar system. And even the skeptics say those numbers are going to increase as the coming
millennium conjures visions of apocalypse and television and film studios capitalize on the
intrinsic appeal of characters like “ET”......... Quite clearly, there hasn’t been any change at all
in the scientific evidence to support any claim of extraterrestrial visitations by aliens...... Some
US insurance companies have even begun profiting from the wave of “alien fever” by offering
policies covering abduction by aliens. One British broker recently (before 9 October 1996) began
selling insurance against alien impregnation. Even politicians are not immune. Florida politician
Lynne Plaskett recently risked political suicide with her announcement that space aliens cured
her of cancer in 1975. Such tales are nothing new. ........ It is modern folklore......... (Asian Age,
10 October, 1996).

But, surprisingly, we have no evidence to support the aforesaid newspaper report. Hence, we

should/can claim that the earth is the only tiny little islet of life amid the boundless ocean of

lifelessness.

Looking at the earth from the outer space, one realizes how infinitesimally small our world is —
both we ourselves and our beautiful planet. We love our native lands — our cities, our villages,
our steppes, our forests. But what about the whole of our native planet? We should love our
remarkable, our one and only earth........ Indeed, there is no end of happiness to live on our
planet. It is no end of happiness for people to have such a wonderful, comfortable planet. At
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times I feel like exclaiming: “People, save the earth! It is so small, fragile, delicate, vulnerable!
There is no other planer like itl.......... Our planet, fragile and delicate, is a product of the
indomitable forces of nature. It is populated by human beings with their boundless possibilities,
with minds capable of grasping the laws of the universe. Why do humans love and hate, laugh
and cry, do what they do? We have created a great deal, but has everything been done correctly?
The question is difficult to answer, and the answer would hardly be unambiguous. Save our
earth! (Rebrov, 1989, pp. 7-8).

By any criterion, the earth is going through the worst phase of dual instability: social instability
and ecological instability. While social instability is persistent since the birth of the primitive
society, ecological instability is emerging since the inception of industrial revolution in the 1770s
in Britain. Such dual instability is based on the following four ceteris paribus assumptions:

(1) Extraterrestrial intelligent life (ETI) in the form of human, superhuman or subhuman may
exist elsewhere beyond the earth in the universe. But such ETI has no impact on or intrusion into
our earth. This means that ETI is not responsible for the foregoing dual instability of the earth.
(2) Solar stability is exogenously and autonomously given.

(3) Natural stability indicated by the persistent equilibrium or homeostasis of the various life
support systems is also exogenously and autonomously determined.

(4) Natural instability indicated by the natural catastrophes (e.g. river floods, earthquakes,
volcanic eruptions, hurricanes, typhoons, tsunamis, landslides, collision with asteroid or fall of
large meteorite) is also exogenously and autonomously determined.

Social instability consists of multitude of “sub-social instabilities” (e.g. economic
instability, political instability, cultural instability, religious instability, ethical instability, moral
instability, sexual instability, marital instability, gender instability, familial instability). Social
instability is indicated by poverty, starvation, malnutrition, inequality, illiteracy, backwardness,
terrorism, kidnapping, human trafficking, prostitution, assassination, killing, lynching, child
labour, child marriage, exploitation, etc. On the other hand, ecological instability is indicated by
degradation, depletion or destruction of ecological or natural resources or capital.

Hence, under the ceteris paribus assumption, the coexistence of persistent social
instability and emerging ecological instability gives rise to “ecologically unsustainable social
instability”, which is renamed as simply “unsustainability”. On the contrary, the coupling of
social stability with ecological stability ceteris paribus implies “ecologically sustainable social

stability”, which is renamed as simply “sustainability”. Noteworthy that social stability or



sustainability and ecological stability or sustainability are interdependent, neither independent,
nor dependent at the cost of other.

In order to reduce or rule out the unsustainability (or restore sustainability), innumerable
interdisciplinary and/or multidisciplinary means, measures, methods, or mechanisms are being
adopted by numerous scientists. Economics of sustainability is being constructed to tackle the
problems of unsustainability. Since (un)sustainability is a macro level or global phenomenon, so
the construction of “macroeconomics of sustainability” (MOS) is eventually inevitable.
Reconstruction of Hydraulic Keynesianism by appropriate, adequate and/or apposite means is an
attempt to contribute to the MOS.

In this context, the following remark of Roderick T. Long may be more relevant:

We can begin with the beliefs we have and move forward making adjustments as we find
inconsistencies and learn new information (Richman, 2011).

The “explication” of Long’s remark (Richman, 2011), as stated below, is indispensable, because
this remark should/may be treated as the “strategic starting point” of any (critical) research:

We (as practitioners of, specialists in, or contributors to, an academic discipline/a field
of knowledge) can begin “research” (that means “search for new truths”, which may be
invention of uniquely new ideas, new perspectives on old ideas, new inconsistencies/errors, or
new developments on the preexisting/received ideas) with the beliefs we have in the “established
truths” and move forward (that is, proceed or advance) making adjustments (that is,
executing/performing new developments or progressive improvements) as we find
inconsistencies (which may be criticisms, limitations, inadequacies, deficiencies, ambiguities or
errors) in the “established truths” and learn new information (that is, “new truths”).

But the “search” for “new truths” against the “established truths” should be
directed/guided by the suggestion of Paul A. Samuelson (the first American to receive a Nobel
Prize in Economics in 1970) that there is the “anthropomorphic sin” of judging older writers by
the canons of modern theory, but there is also the “sophisticated-anthropomorphic sin” of not
recognizing the equivalent content in older writers (Blaug, 1983).

The significance of the search for new truths against the established truths can/should be

judged by any one, two, ........ , or all of the following ten points:



(1) In practice, we all start our own research from the work of our predecessors, that is, we
hardly ever start from scratch. Analysis has to start somewhere. There has to be something to
analyze. That something is given by a pre-analytic cognitive act, which is renamed as vision
(Schumpeter, 1954).

(2) We do not start from nothing. The contributions of previous scholars or schools of thought
are there to help (Pasinetti, 2005).

(3) A new idea does not come forth in its mature scientific form. It contains logical ambiguities
or errors. It is highly probable that the great new ideas of any period will have found an earlier
and neglected statement. It is simply impossible for men to apprehend and adopt wholly
unfamiliar ideas (Stigler, 1955).

(4) The successful scholar is always the one, who adds some marginal improvement to the
dominant theories, to which everyone is accustomed. Hence, it is essential to subject established
truths constantly to a critical analysis without indulgence (Allais, 1997).

(5) Every contributor to any field of knowledge stands on the shoulders of his/her predecessors.
Specialists in any field of knowledge know that no one ever single-handed invented anything. In
a sense, there are no “revolutionary discoveries” (Hansen, 1947).

(6) Mark Blaug (1994) argues that great theories in economics, as in other subjects, are path
dependent, that is, it is not possible to explain their occurrence without considering the corpus
of received ideas, which led to the development of that particular new theory; had the body of
received ideas been different, we would have arrived at a different theory at the culmination of
that development (Snowdon & Vane, 2005).

(7) The search for new truths does not ignore the thoroughly forgotten past, and so it is worth
digging into the past again to disclose the faults and misjudgements of our forerunners to arrive
at new truths (Konar, 2011).

(8) “New knowledge tends to develop simultaneously through the works of many researchers in
different places” (Ogburn, 1922). Thus, almost simultaneous and independent invention of an
(identical) idea in different places may not be impossible in any academic discipline. Hence, a
true researcher should be acquainted with the past inventions of the same or similar idea (Konar,
2011).
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(9) The Nobel laureate (1995) Chicago University economist, Jr. Robert Lucas, argues that our
responsibility is to create “new knowledge” by pushing “research” into “new” and hence,
necessarily “controversial territory” (Snowdon & Vane, 2005).

(10) New developments of/on anything become needless, when it acquires completeness or
perfection. The German mathematician, Carl Friedrich Gauss (1777 - 1855 AD), who is known
as the prince of mathematicians, remarked that “When a fine building was finished, the
scaffolding should no longer be visible” (Konar, 2011). By analogy, it can be pointed out that if
the constituent/compositional components/elements of an academic discipline (e.g. theories,
models, and methodologies) assume their finished form, why are they subject to recurrent
developments? The answer to this question is that such developments occur owing to the
operation of the “principle of informed ignorance”, coined by the German Cardinal,
mathematician, experimental scientist and influential philosopher, Nicholas of Cusa (1401-1464
AD), in his On Learned Ignorance (1440). Such principle implies that the more we know, the
more aware we will be of our ignorance and the further we penetrate into the informed

ignorance, the closer we come to the truth itself (Konar, 2011).

1.1. New Developments on the Critical Fronts

There is hardly any/an academic discipline, which is free from, or devoid of “lurking
inconsistencies”. Needful to note that the term “lurking inconsistency” was coined by Alfred
North Whitehead (1862-1947 AD) in Science and the Modern World (1925, p. 76). The
persistence of lurking inconsistency in academic disciplines is evident from the remark of
Herman Daly (2013):

“Economics too suffers from the lurking inconsistency”.

Daly’s (2013) remark implies that as in other academic disciplines, in economics also,
there are “fronts”, in which “lurking inconsistencies” are congealed or embedded, and such
fronts can be designated as “critical fronts”. Hence, new developments on the critical fronts in
the theory of economics are inevitable for the realization of new truths against the established
truths.

11



In the theory of macroeconomics, the “critical front”, which needs new developments,
has been discovered/disclosed by this thesis: Coddington’s (1976, 1983) Hydraulic
Keynesianism (HK).

Noteworthy that new developments on HK to adapt to different contexts (e.g. different
dimensions of sustainability) have previously been executed by the following twenty two
literatures: (1) Young (1975), (2) Daly (1991), (3) Girma (1992), (4) Thampapillai (1995), (5)
Thampapillai and Uhlin (1996), (6) Thampapillai and Uhlin (1997), (7) Ahmed and Mallick
(1997), (8) Heyes (2000), (9) Mallick, Sinden, and Thampapillai (2000), (10) Munasinghe
(2002), (11) Lawn (2003a), (12) Lawn (2003b), (13) Lawn (2003c), (14) Daly and Farley
(2004), (15) Sim (2006), (16) Morales’s (2007), (17) Thampapillai, Wu and Sunderaj (2007),
(18) Emmanuel (2008), (19) Victor (2008), (20) Harris (2008/2009), (21) Custers (2010), and
(22) Konar (2010).

Yet some undisclosed or unexplored lurking inconsistencies of HK persist, and hence, its
“further new development” is exigent. In better words, despite the execution of “new
developments” on HK by the foregoing twenty two literatures, this thesis emphasizes that
“further new development” on HK is not only necessary, but also possible for realizing/restoring
the context of sustainability and/or reducing/ruling out the context of unsustainability in order to

contribute to macroeconomics of sustainability (MOS).

1.2. Keynesianisms

But for the execution of further new development on HK, it is pertinent to proceed with the most
relevant remark of Skidelsky (1992, p. 541):

“The General Theory is no one’s property”.

In Skidelsky’s (1992) remark, the General Theory (GT) has been substituted for
Keynes’s (1936) “contextual” and “revolutionary”” macroeconomic book The General Theory of
Employment, Interest and Money. The GT is “contextual”, because it arose out of the context of
reducing/ruling out the worldwide deplorable depression in the 1930s. The GT is also
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“revolutionary”, because it is a denial and devoid of, and departure from the de-contextual
macroeconomic literature introduced by the pre-Keynesian school(s) of macroeconomic thought.

The intrinsic implication of Skidelsky’s (1992) remark is that the GT has brought about
a “reinterpretive/reconstructive revolution”. That is why, in 1992, the Economic Journal said
of its former editor, “The Keynes industry....is now surely running a close second to the
output of the Marx industry”, while the Journal of Post Keynesian Economics declared that
“Each year seems to bring forth yet another ‘new interpretation” of Keynes” (Mclnnes, 1994).
Similarly, O’Donnell (1991) remarked that “The excessive proliferation of interpretations of
Keynes’s (philosophical) thought is a matter of concern”. Moreover, Wolff (2009) argued that
“Of course, different interpretations of Keynes (as of Marx) have always contested with one
another”.

Thus, since its publication on 4 February 1936, there is no end of proliferation of
“interpretation, reinterpretation and/or misinterpretation of the GT”, which can be substituted
with, or reduced to the “reconstruction of the GT”. Hence, since its publication in 1936, the
GT has acquired the “endless free play” of its “multitude of reconstructions”. The
phenomenon of exponential growth of reconstruction of the GT over time may be sufficient to

arrive at the following three similar propositions:

(1) The GT has become the fable of the blind men touching the elephant.
(2) The GT has proved to be a snake-like concept, whose twists and coils are difficult to pin
down.

(3) The GT can be likened to the skin of a living organism, which is metamorphic.

Keynes’s anti-fundamentalism attitude, which influenced, inspired or induced other
economists to reconstruct the GT by their own desire, discretion or direction to adapt to the
different contexts or the changing context, had been reflected in the remark of Paul A.
Samuelson: “We don’t want unreconstructed Keynesians. We want people, who will carry the
scientific analysis further” (Blaug, 1990). Most importantly, the frequency of reconstruction of
the GT has assumed such a figure that Weintraub (1979) has designed/designated a chapter,
entitled, The 4,827™ Reexamination of Keynes'’s System!
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All the varied reconstructions of the GT are being termed as “Keynesianisms”, while all
the reconstructors of the GT are being designated as “Keynesians”. Needful to note,
Keynesianism is synonymous with Keynesonomics, Keynesiology, Keynesian macroeconomics
and Keynesian macroeconomic model. Owing to its “revolutionary nature”, the GT has
converted “Keynes” into “Keynesianism” as well as “Keynesian revolution”. “Keynesianism” is
such an important “ism”, by which the macroeconomic schools of thought have been categorized
into Pre-Keynesianism, Post-Keynesianism, Neo-Keynesianism, New-Keynesianism, etc.

Although it can be discovered that the 4,827 reconstruction of the GT was executed by
Weintraub (1979), yet we must confront with much toil and trouble to assert who executed the
nth (where n = 1, 2, 3, 4, 5, 6,.......... ) reconstruction of the GT. In order to tackle such a
difficult problem, the English economist Alan Coddington (1941-1982 AD) suggested a
classification of the “endless chain of reconstruction of the GT” into the following three broad
variants (Coddington, 1976, 1983):

(1) Hydraulic Keynesianism (HK), which consists of two Keynesian macroeconomic models: (i)
Simple Keynesian Model (SKM) and (ii) More General Keynesian Model or IS-LM Keynesian
Model (IS-LMKM), devised by Hicks (1937), Meade (1937), Samuelson (1939a, 1939b, 1946,
1947, 1948), Lerner (1944), Lange (1944), Modigliani (1944a, 1944b), Harrod (1937), Klein
(1944, 1947), Hansen (1936a, 1936b, 1938, 1941, 1947, 1949, 1951, 1953), Smith (1956), and so
forth. (2) Fundamentalist Keynesianism, developed by Robinson (1962a, 1962b), Shackle (1967,
1974), Davidson (1978, 1994), and so forth.

(3) Reconstituted Reductionism or Disequilibrium Keynesianism, designed by Patinkin (1948,
1956), Clower (1965), Leijonhufvud (1968), Barro and Grossman (1971), Malinvaud (1977), and
so forth.

Each of the three “Keynesianisms” includes many analogous/homologous Keynesian
macroeconomic models. Noteworthy that Coddington (1976, 1983) was the originator of the
foregoing categorization, but not the originator of any Keynesian macroeconomic model, which
can be included in any one of the foregoing three Keynesianisms. Moreover, it needs reiteration
that Coddington (1976, 1983) was neither the originator of the term “hydraulic”, nor the
originator of “hydraulic macroeconomic model”. Hence, we can/should ask: Who is the first

predecessor of hydraulic macroeconomic model?
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1.3. First Predecessor of Hydraulic Macroeconomic Model

This question can be answered just after the next paragraph.

By analogy of hydraulic Keynesians, Alban William Housego (Bill) Phillips (1914-1975) drew
the “little plumbing diagram” to help him to understand how the stocks and flows of a
commodity interact in a market (Phillips, 1950). The little hydraulic diagram of Phillips (1950) is
designed to work according to the hydraulics pictured, but is simultaneously subject to the rules
of reasoning from the economic content enshrined in the arrangements of the parts: where
demand and supply, and price and quantity can be changed in particular ordered ways.
Moreover, with the collaboration of the monetary economist Walter Newlyn, such “little
plumbing diagram” grew into a “large physical hydraulic machine of the economic system as
whole” (Morgan & Boumans, 2004). The Newlyn-Phillips Machine is a big apparatus — “a real
hydraulic model” — of which we can see only a “drawing in a two-dimensional diagram”. The
physical model itself operates according to the language rules of hydraulics with the flow of
water flowing around the machine controlled by physical valves. But the overall form and parts
of the machine were designed to imitate the stocks and flows of money (red water) around an
economy, and the behavioural functions of the economic relations are drawn into the small
rectangular “slides”, which can be seen on the drawing. These in their turn control the opening
and closing of the valves in the hydraulic system. Despite its complexity, and even without
knowing what these economic relations are, we can see how the “rules of form” (hydraulics) and
“content” (macroeconomics) are instantiated in the hydraulic machine (Morgan, 2009). More
specifically, Phillips (1950) devised a “hydraulic system” with pipes and tanks, which was meant
to put in concrete form the relations between macroeconomic stocks, flows and price level
(Beaud & Dostaler, 2005).

In response to the question of the first predecessor of the hydraulic macroeconomic
model, it is worthy to recall that: “No scientific discovery is named after its original discoverer”
(S. M. Stigler, 1999). Stephen M. Stigler’s (1999) remark holds true for an American economist,
Irving Fisher (1867-1947), who not only coined the term ‘“hydraulic”, but also invented

“hydraulic macroeconomic models”, which will be evident from the following six literatures:
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(1) Dimand and Betancourt (2012) claim that Fisher (1892) not only imagined, but also actually
built a “hydraulic mechanism” to simulate the determination of equilibrium prices and quantities
- in effect, a “hydraulic computer” in the days before “electronic computers”.

(2) Brainard and Scarf (2005) took on the task of investigating how the “model of Fisher’s
hydraulic computer” worked in How to Compute Equilibrium Prices in 1891. They reprinted the
sketches of Fisher’s “hydraulic computer” from his dissertation of 1891. It apparently consists of
a series of cisterns, rods, floats, bellows, tubes, levels, valves, levers, cams, etc. It represents
three consumers and three commodities that they consume. “How to compute equilibrium prices
in 1891” by W. C. Brainard and H. E. Scarf examines Fisher’s exposition of general equilibrium
by the “hydraulic model” through MATLAB. Fisher articulated the limitations of static analysis
and the necessity of dynamic analysis in the appendix of his Mathematical Investigations in the
Theory of Value and Prices (1892)”.

(3) According to Morgan (2009), Irving Fisher (1892/1925), in his Mathematical Investigations
in the Theory of Value and Prices, designed and constructed a “hydraulic macroeconomic
model” to represent, explore, and so understand the workings of a “mini-economy”, one with
only three commodities, three persons and three equations. He built his “hydraulic
macroeconomic model” in the name of “hydraulic mini-economy model” to represent the ideas
embedded in the Elements of Pure Economics (Walras, 1874/1954) of the French economist
Marie Esprit Leon Walras (1834-1910 AD), and to figure out by exploring with his model the
process, by which the latter’s mathematically postulated and proved general equilibrium might
be arrived at. He accompanied this work with an outright defense of the three research objects:
(i) mathematics, (ii) graphs and (iii) real machines that he designed and used for his economic
analysis. Fisher’s thesis of 1891 was published in 1892 and republished in 1925, displaying
photograph of the mechanism in the frontispiece labeled “model of mechanism”. The fact that he
used mathematical ideas from “physical systems” demonstrates not only the closeness of
mathematics and sciences, but also shows how treacherous relying on analogies as indicators of
reasoning style can be.

(4) Morgan (1999) also points out that in choosing a “mechanical balance as a model” for the
“equation of exchange” between money and commodities, Fisher (1911), in The Purchasing

Power of Money, recognized the similarity between the “mechanical balance” and the “economic
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subject matter” in his arithmetic “equation of exchange”. Here also, “hydraulic macroeconomic
model” is congealed and concealed in Fisher’s (1911) text.

(5) Francis Ysidro Edgeworth (1845-1926) invited Fisher to apply a simplified version of his
hydraulic macroeconomic model to The Mechanics of Bimetallism (1894) to the Economics
Section of the British Association for the Advancement of Science and then publication in the
Economic Journal (September, 1894), which Edgeworth edited (Dimand & Betancourt, 2012).
(6) More recently, in an article by Robert W. Dimand and Hichem Ben-El-Mechaiekh (2012), it
has been clearly claimed that the hydraulic macroeconomic model is embedded in Fisher’s
Mathematical Investigations in the Theory of Value and Prices (1892/1925).

Thus, Coddington (1976, 1983) may be assumed to borrow the term ‘“hydraulic
Keynesianism” from the “hydraulic macroeconomic model” of Fisher (1892/1925, 1911) or
Phillips (1950).

Keynes’s appreciation, acceptance and approval of HK were primarily based on the fact
that HK was able to capture the “full vision of the GT”. That was sufficient for Keynes (i) to
publicly recognize the works of the “hydraulic interpreters of the GT” as a step in the right
direction, and (ii) to approve the works of “hydraulic Keynesians” (Backhouse & Bateman,
2010).

1.4. Objectives of Hydraulic Keynesianism

The sole objective of HK is to explore and explicate the “causes, consequences and cures” of the
“persistent economic instability” in the capitalist world “under the ceteris paribus assumption”,
in which the two presumptions, such as, (i) the presumption of “sustained ecological stability”,
and (ii) the presumption of “sustained non-economic sub-social stabilities”, are embedded. In
better words, “under the ceteris paribus assumption”, in which the foregoing two presumptions
are embedded, HK has attempted to solve only the “problem of persistent economic instability”,
whose frightening indicators are poverty, inequality of wealth and income, unemployment,
malnutrition, hunger, starvation, inflation, depression, stagflation, etc. of “mono capitalism”
(economic capitalism), not “dual capitalism” (coexistence of social capitalism and ecological

capitalism).
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The “economic instability” is one of the multiple “sub-social instabilities”, which
constitute “social instability”. The term “social” consists of various ‘“sub-socials”, such as,
cultural, economic, ethical, familial, gender, legal, marital, military, moral, philosophical,
political, psychological, religious, ritual, scientific, sexual, spiritual, technological, terrorist, etc.
Hence, “social instability” includes various “sub-social instabilities”, such as, economic
instability, political instability, cultural instability, religious instability, ethical instability, moral
instability, familial instability, gender instability, etc.

But the vitiation/violation of the validity of the foregoing “ceteris paribus assumption”
started since the worldwide enthusiastic celebration of the First Earth Day on 22 April 1970. The
First Earth Day has opened our eyes to new perspectives on old ideas/assumptions. Because it
reminds us that over the last three centuries (ranging from the eighteenth century to the twentieth
century), which can be designated as the “centuries of relentless revolutions” (because no
century before in history had offered so many varied revolutions to so many culturally different
human societies in the globe in as short a time span as these three centuries did), we have
brought about a “series of revolutions” only to realize the “unprecedented economic growth” at
the costs of “social instability” and “ecological instability”. The First Earth Day can also be
viewed as a “warning signal” in the sense that it is a sign of our delayed realization or
recognition about the “problem of emerging ecological instability”, by which the global human
society is being threatened, given the “problem of persistent social instability”, which consists of
various “sub-social instabilities” (Konar & Chakrabortty, 2011).

Thus, since the 1970s, which is referred to as the Decade of Environment, our delayed
realization/recognition is that the global human society is being threatened by the “coexistence of
persistent social instability and emerging ecological instability”. This “dual instability” is
designated as ‘“ecologically social unsustainability”, or “ecologically unsustainable social
instability”, which is renamed as simply “unsustainability”.

Hence, given the exogenously and spontaneously determined natural instability indicated
by natural catastrophes, and natural stability indicated by the enduring equilibrium/homeostasis
of various natural life support systems, “ecologically social sustainability (or unsustainability)”,
or “ecologically sustainable (or unsustainable) social stability (or instability)” means simply

“sustainability (or unsustainability)” [Konar & Chakrabortty, 2011].
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1.5. Lurking Inconsistencies of Hydraulic Keynesianism

The “ecologically social unsustainability”, or “ecologically unsustainable social instability”,
which is renamed as simply “unsustainability”, cannot be tackled by HK owing to the persistence
of its “lurking inconsistencies”. Such lurking inconsistencies of HK to realize/restore
sustainability and/or to reduce/rule out unsustainability in the capitalist world can be summarized
in terms of the following five points:
(1) The presupposition of the intrinsic embeddedness of economic capital, neither
natural/ecological capital nor social capital or other sub-social capitals in it (Konar, 2010). This
means that HK emphasizes the creation, control and/or conservation of economic capital
ignoring the role of natural/ecological capital and social capital or other sub-social capitals (e.g.
political capital, religious capital, cultural capital, moral capital, ethical capital, spiritual capital,
etc.).
(2) The persistence of a conventional national income (NI) accounting method, neither
sustainable national income (SNI) accounting method, nor ecologically and socially adjusted NI
accounting method in it.
(3) The compositional stability/inertia of the conventional “representative equations” indicated
by the “equilibrium equations” in it.
(4) The aversion to incorporate the relevant macroecological variables (e.g. natural/ecological
capital) and macrosocial or macrosubsocial variables (e.g. social and subsocial capitals) into the
equilibrium equations in it.
(5) Its inability to bring about neither “ecologically economic sustainability” (or “ecologically
sustainable economic stability”), nor “ecologically social sustainability” (or “ecologically
sustainable social stability”).

All the foregoing five factors can be reduced to the “de-ecologization” and “de-

socialization” of HK.

1.6. Ends and Means of the Thesis

Against the foregoing backdrop, the “end(s) and means” of this thesis, which is a crucial

component of introduction, should be incorporated into it. Such incorporation is based on the
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following “end(s)-oriented remarks” of Keynes (1936), Boland (1994), Bataille (1995) and Daly
(2013):

The object of our analysis is, not to provide a machine, or method of blind manipulation, which
will furnish an infallible answer, but to provide ourselves with an organized and orderly method
of thinking out particular problems, and after we have reached a provisional conclusion by
isolating the complicating factors one by one, we then go back on ourselves and allow, as well as
we can, for the probable interactions of the factors among themselves. This is the nature of
economic thinking (Keynes, 1936).

Every invention of an idea can be seen post hoc to solve a problem or answer a question (Boland,
1994).

The object of research cannot be distinguished from the subject at its boiling point (Bataille,
1995).

If purpose does not exist, then it is hard to imagine how we could experience the lure of value.
To have a purpose means to serve an end, and value is imputed to whatever furthers attainment
of that end. Alternatively, if there is objective value, then surely the attainment of value should
become a purpose (Daly, 2013).

The “end of this thesis” has been directed to the reconstruction/remodeling of HK to
realize/restore the context of sustainability and/or to reduce/rule out the context of
unsustainability for contributing to MOS.

To achieve that “end”, the “major means” can be stated in terms of the following ten
points:

(1) Introduction of four types of essential (macro)economic activity.

(2) Introduction of three principal macroeconomic goals.

(3) Introduction of four spheres of macroeconomic activity.

(4) Introduction of six sectors into national income accounting.

(5) Introduction of three types of capital into national income accounting.

(6) Compositional reconstruction of GDP = C + | + G + (X — M) by the decomposition of C, |

and G.
(7) Reconstruction of National Income: From GDP to SNI (sustainable national income).

(8) Incorporation of SNI into consumption or saving function.
(9) Contextual reconstitution of the “representative equations” indicated by the “equilibrium

equations” of the two constituent macroeconomic models of HK by (i) incorporating the relevant
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macroeconomic, macroecological, macrosocial and/or macrosubsocial variables into such
equilibrium equations and (ii) maintaining/keeping the consistency of the national income
accounting method suggested by United Nations IEEA (1993) and SEEA (1993).

(10) Mathematical and diagrammatical representation of the reconstructed models of HK for
sustainability.

Since the term “social” consists of various ‘“sub-socials” (e.g. economic, political,
cultural, religious, moral, ethical, spiritual, etc.), so the “framework of the thesis” can also be
used/exploited to demonstrate how the “ecologically sub-social sustainability”, or “ecologically
sustainable sub-social stability” can be achieved through the desired reconstruction of HK.

By analogy of Odum and Barrett (2006), it can be emphasized that sustainability can be
realized/revived, or unsustainability can be reduced/ruled out through the gradual development
of “dual capitalism” or “capitalist dualism”, which means the “coexistence of social capitalism
and ecological capitalism”, as opposed to “mono capitalism” or “capitalist monism”, which
implies “economic capitalism”.

The objective of “social capitalism” is to restore/realize “social sustainability” through
the creation, control and/or conservation of “social capital”, while the objective of “ecological
capitalism” is to restore/realize “ecological sustainability” through the creation, control and/or
conservation of “natural/ecological capital” (Konar & Chakrabortty, 2011).

There is hardly any “creation” or “construction”, which is free from “criticisms”. The
book also is not de-critical or devoid of potential criticism(s). But the “mode/method of
criticism” should be guided by Popper’s principle of sympathetic problem orientation (Boland,
1994). Such principle implies that the critic must indicate the researcher’s problem and solution,
but only after making every effort to present the researcher’s views in the “most sympathetic
light”. This means that the critic must make all unchallengeable improvements, which can be
made before launching the criticism. One should not wish to distract the debate into irrelevant
side issues. In effect, the criticism must be conducted in terms that the researcher can accept
(Boland, 1994).
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2. Review of Literature

History makes no sense without prehistory (Wilson, 2012).

Economic knowledge is historically determined...what we know today about the economic
system is not something we discovered this morning, but is the sum of all our insights,
discoveries and false starts in the past. Without Pigou, there would be no Keynes; without
Keynes, no Friedman; without Friedman, no Lucas; without Lucas, no.............. (Blaug, 1991).

In other words, without the history of economics, economic theories just drop from the sky; you
have to take them on faith. The moment you wish to judge a theory, you have to ask how they
came to be produced in the first place and that is a question that can only be answered by the
history of ideas (Blaug, 1994).

The review of literature offers the intensive and extensive revisiting of those literatures, which
have compatibility with the end(s) of the thesis. Such literatures can be divided into the two
areas/parts: (2.1) Conceptual Clarification, (2.2) Reconstructions of HK for Sustainability by

Previous Literatures for Contributing to MOS.

2.1. Conceptual Clarification

Various concepts/terms are embedded in the different sections and sub-sections of this book.
Conceptual/terminological ambiguity makes this book naive. The clarification of the crucial
concepts/terms is needed for its sophistication, because the relevant concepts/terms are
interrelated or interdependent. Their interrelationship/interdependence gives rise to the

complementarity, consistency and/or coordination of the constituent components of the book.
2.1.1. Sustainability

The Substantive Signification of Sustainability has been disclosed by Konar and Chakrabortty
(2011). By the principle of structuralism, we cannot conceptualize “sustainability” without
considering its opposite polarity “anti-sustainability” or “unsustainability”. Sustainability is a

synonym or a close/perfect substitute for stability, persistence, perpetuity, durability, endurance,
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permanence, eternalness, intransience, constancy, continuity, indefinite existence or sustained
survival. Sustainability is pointless without the suffix “of something”, say, “of X”. Thus, it is
correct to substitute “sustainability of X for simply “sustainability”. Sustainability is a
“portmanteau word” or “telescope word”, which means a word formed by combining multiple
words. Thus, sustainability of X implies “sustain plus ability”, which in turn implies “ability to
sustain X, which ultimately implies “ability to maintain and continue the survival of X”. Further,
“sustainability of X” can also be translated into “X sustainability”, where X stands for an
appropriate adjective. For example, sustainability of environment is mapped into environmental
sustainability, sustainability of ecology is transformed into ecological sustainability, and
sustainability of society is converted into social sustainability.

The concepts of sustainability and unsustainability acquired global recognition with the
enthusiastic celebration of the First Earth Day on 22 April 1970 throughout the world. But the
seeds of sustainability were sown in the various works of many scholars prior to the year 1970.

Hence, given the exogenously and spontaneously determined natural instability indicated
by natural catastrophes, and natural stability indicated by the enduring equilibrium of various
natural life support systems, <“sustainability (or unsustainability)” means “ecologically social
sustainability (or unsustainability)” or “‘ecologically sustainable (or unsustainable) social stability
(or instability)”, where the concept “social” consists of multitude of “sub-socials™. In fact, under
the ceteris paribus assumption, sustainability (or unsustainability) implies the coexistence of
ecological stability (or instability) and social stability (or instability).

While the “indicators of ecological instability” can be encapsulated in the depletion,
degradation and/or destruction of ecological/natural capital, the “indicators of social instability”
can be reduced to the depletion, degradation and/or destruction of social capital, which consists
of various sub-social capitals (e.g. economic capital, political capital, cultural capital, and moral
capital).

Most importantly, there are people, who erroneously recommend for reducing
sustainability to ecological sustainability. But social sustainability and ecological sustainability
are interdependent, neither independent, nor dependent at the cost of other (Konar &
Chakrabortty, 2011).
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The more we learn about current environmental trends, the more the unsustainability of our
present course becomes clear to us (Foster, 2009). The emerging global environmental
indications are so grave that the term sustainability may be treated as a ‘“euphemism and
euphuism for survival of human species” (Konar & Modak, 2010; Konar & Chakrabortty, 2011).
Obviously, “unsustainability” should be regarded as the “crisis of human survival” (Gohn, 1980).
In this context, it is worthy to recall A Blueprint for Survival (Ecologist Magazine, 1972) in Only
One Earth (Ward & Dubos, 1972).

Sustainability is treated as an “enlightened self-interest”, as opposed to “destructive self-
interest”, where “self-interest” is confined to “survival”, which refers to the perpetuation of life
in the “tiny little islet of life amid the boundless ocean of lifelessness” (Rebrov, 1989) over the
eons.

Further, sustainability can be likened to the global public goods, which have two
properties: “non-rivalry” and “non-excludability”. Moreover, sustainability also implies
“interspecies cosmopolitanism” (Konar & Chakrabortty, 2011).

Albert A. Bartlett (1997-1998) has devised the Seventeen Laws of Sustainability, with
which he has sought to clarify the meaning of sustainability in terms of population and resource
consumption. Moreover, Richard Heinberg (2011b) has disclosed the Five Axioms of
Sustainability, as follows:

(1) First Axiom: Any society that continues to use critical resources unsustainably will collapse.
Exception: A society can avoid collapse by finding replacement resources. Limit to the
Exception: In a finite world, the number of possible replacements is also finite.

(2) Second Axiom: Population growth and/or growth in the rates of consumption of resources
cannot be sustained.

(3) Third Axiom: To be sustainable, the use of renewable resources must proceed at a rate that
is less than or equal to the rate of natural replenishment.

(4) Fourth Axiom: To be sustainable, the use of non-renewable resources must proceed at a rate
that is declining, and the rate of decline must be greater than or equal to the rate of depletion.

(5) Fifth Axiom: Sustainability requires that substances introduced into the environment from

human activities be minimized and rendered harmless to biosphere functions.
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2.1.2. Sustainable Development (SD)

The World Commission on Environment and Development (WCED, 1987) has defined SD as

follows:

Sustainable development involves more than growth. It requires a change in the content of
growth to make it less material- and energy-intensive and more equitable in its impact. These
changes are required in all countries as part of a package of measures to maintain the stock of
ecological capital, to improve the distribution of income, and to reduce the degree of
vulnerability to economic crises.

The precise meaning of the WCED’s (1987) definition of SD is as follows:

Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.

The WCED’s (1987) concept is correct, but its important limitation is that it is anthropocentric in
the sense that it only considers human species and it says nothing about nonhuman species. Thus,
Boff (2012) has redefined SD as follows:

Sustainable development is every action destined to maintain the energy, information, and
physical-chemical conditions that make all beings sustainable, especially the living Earth, the
community of life and human life, seeking their continuity, and also to attend the needs of
present and future generations in such a way that the natural capital is maintained and its
capacity of regeneration, reproduction and eco-evolution is enriched.

According to Bartlett (2012), the WCED’s (1987) definition of SD has a flaw. It focuses first on
the needs of the present, which have nothing to do with sustainability, and secondarily, it
mentions the needs of future generations, which are vital for sustainability. This sets the stage for
intergenerational conflict, in which the present generation wins and future generations lose.
Thus, Bartlett (2012) has redefined SD as follows:

Sustainable development is development that does not compromise the ability of future
generations to meet their own needs.
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The FAQO’s (1995) definition of sustainable development can be restated as follows:

Sustainable Development is the management and conservation of the natural resource
base, and the orientation of technological and institutional change in such a manner as to ensure
the attainment and continued satisfaction of human needs for present and future generations.
Such sustainable development, which conserves land, water, plant and animal genetic
resources, is environmentally non-degrading, technically appropriate, economically viable and
socially acceptable.

From the WCED’s (1987) definition of SD, it is possible to infer two different implications:

(1) That the stock of natural/ecological capital must be left intact for the next generations. In
better words, the depletion of non-renewable resources must stop so that natural/ecological
capital is not further depleted. In policy terms, this implies putting a stop to all activities, which
exploit a non-renewable resources affecting the future generations.

(2) That the aggregate stock of manufactured capital and natural/ecological capital must not
decline between one generation and the next generations. In better words, there can be trade-offs
between manufactured capital and natural/ecological capital. The depletion of natural/ecological
capital is justified so long as there is investment in a natural or manufactured alternative and the
aggregate stock is retained. In policy terms, for example, this means that the oil stock can be
depleted so long as it is replaced by investment in another capital, which allows future
generations the same quality of life and choice as was supplied by oil to the present one. But this
interpretation is also problematic, because there are some other capitals, which cannot be
substituted for others (e.g. ozone layer, species, etc.). Nor can we be sure that future generations
will accept or positively interpret our decisions about substitutes. How can we today know the
needs of future generations? This highly normative definition raises some important questions.
For example, needs are not given, but change constantly over time, and also vary cross-
culturally. Further, development is not just a means to meet needs, but is a process, which entails
the development of needs themselves. Therefore, how can “needs” be defined independently of
“development”, if it is often the process of economic growth/development initiated by the North,

which creates and defines “needs”?
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2.1.3. Weak Sustainability versus Strong Sustainability

The generally accepted two versions of sustainability are weak sustainability and strong
sustainability (Ayres, van den Bergh & Gowdy, 1998). They have been eloguently stated in
Pearce, Markandya and Barbier (1989). Though the difference between them has created a
hubbub of heated controversy (Solow, 1997; Stiglitz, 1997), yet there is a place for both of them.
The difference between them is a matter of difference in the degree of substitutability between
natural/ecological capital and manufactured capital. Either concept of sustainability implies some
limits to economic growth. As planetary ecosystem has certain limits, there must also be limits
on macroeconomic scale (the overall level of resource use and goods output). Hence, there is a
need in the long term to reach a plateau, a steady state in terms of the consumption of material
and energy resources. Some capitals must fall under the requirement of strong sustainability,
others under the weak sustainability. Which of the two it is, will depend on the degree of
substitutability between manufactured capital and natural/ecological capital. The depletion of
fossil fuels (natural capital) is an example of weak sustainability. Provided other sources of
energy (manufactured capital) can be developed instead, we are not obliged to leave our
descendants an undiminished stock of petroleum. An extinct species, on the other hand, cannot,
at the current state of scientific knowledge, be recovered, and must, therefore, be considered a
loss in terms of strong sustainability.

2.1.3.1. Weak Sustainability

Weak sustainability shows that the substitutability of manufactured capital for natural/ecological
capital is more or less unlimited. Unlimited substitutability and perfect substitutability are not the
same. For example, in the case of Cobb-Douglas production function: X = AK®N®, manufactured
capital K is an unlimited substitute for natural capital N, because however small a positive N is,
there is always some K, which will produce a given level of output X. By contrast, in the case of
linear production function: X = (aK + bN), a unit of K is a perfect substitute for (a/b) units of N.
In the case of weak sustainability, the next generation should inherit a stock of wealth,
comprising manufactured capital and natural/ecological capital, no less than the stock inherited

by the previous generation. The depletion of natural/ecological capital is justified as long as
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manufactured capital can substitute for natural/ecological capital. Any loss of natural/ecological
capital can/should be balanced by the creation of manufactured capital of at least equal value.
Hence, it is acceptable to use or destroy natural/ecological capital provided that manufactured
capital of equal value is substituted for what is lost. Weak sustainability can be criticized on the
grounds that economic valuation does not reflect the full value of ecological/natural services, and
therefore, encourages to ignore ecological limits. This can lead the process of economic growth
or development on very dangerous roads. In the past, destructive ecological feedbacks have
caused civilizations to collapse.

2.1.3.2. Strong Sustainability

Strong sustainability shows that natural/ecological capital and manufactured capital are not
substitutable and therefore, stock of natural/ecological capital must be maintained. In other
words, the substitutability of manufactured capital for natural/ecological capital is absolutely
ruled out. In the case of strong sustainability, the next generation should inherit a stock of
natural/ecological capital no less than the stock inherited by the previous generation. Where there
is danger of irreversibility, that is, damage that cannot be repaired, we should observe the
precautionary principle. Such principle implies that we should not risk environmental damage,

which can permanently harm our own society or future generations.

2.1.4. Contextual Macroeconomics

By any criterion, economics is contextual or context-dependent. This means that the nature, role
and principles of economics change with the change in context.

Although the reconstruction of economics started since the publication of Boulding’s
(1950) A Reconstruction of Economics, the first book on contextual economics is Economics:
Principles and Practices (1979; Last edition, since the first edition is out of print) by Kelvin
Lancaster, a Columbia University economist (Goodwin, Anaanyin, Ackerman & Weisskopf,
1997).

On the basis of the principles of the contextual economics, economics is being redefined

as the study of the way people organize themselves or their efforts to sustain life and enhance its
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quality (Goodwin, Nelson, Ackerman & Weisskopf, 2009; Goodwin, Nelson & Harris, 2009).
Thus, economics studies how individuals engage in the following four essential economic
activities and how their social coordination is achieved: (i) maintenance of resources (e.g. natural
resources, manufactured resources, social resources, human resources, financial resources, etc.),
(if) production of goods and services, (iii) distribution of goods and services, and (iv)
consumption of goods and services.

Hence, contextual economics is the result of an evolutionary process, in which economics
practitioners have eliminated those ideas that failed and kept those that appear to explain reality
well. In better words, contextual economics is the result of a sustained process of
(re)construction of an interaction between ideas and events in the changing context.

The examples of contextual economics are cultural economics, ecological economics,
environmental economics, family/household economics, institutional economics, military
economics, political economics, religious economics, resource economics, social economics,
social ecological economics, sustainability economics and “Sustainomics”, coined and clarified
by Mohan Munasinghe (1992), the Chairman of Munasinghe Institute of Development (MIND),
Sri Lanka.

As an important branch of economics, macroeconomics is not devoid of context or de-
contextual. Because “the material is not homogeneous through time” (Keynes, 1938) and there
are no unchanged structures or mechanisms for all times. That is why we have to make a new
thinking, which is relevant to the changing or contemporary world. If macroeconomics is
contextual, its objective is to cope with the changing context.

Needless to say, macroeconomics looks at the performance of the overall economy. But
how the macroeconomics or macroeconomy and macroeconomic factors and their general
conditions are examined varies in different schools of thought ceteris paribus.

Macroeconomics is also being contextualized to create the environmental
macroeconomics, ecological macroeconomics, social macroeconomics, social ecological
macroeconomics, sustainability macroeconomics, or macroeconomics of/for sustainability, etc.

The context of the 21° century macroeconomics is radically different from the context of
the 19" and 20" century macroeconomics. The contextual difference creates a differentiation in

the nature and role of macroeconomics.
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Blanchard (2000) has divided the history of macroeconomics into three epochs: (i) pre-1940
epoch, (ii) 1940-1980 epoch, and (iii) post-1980 epoch.

If macroeconomics for the former two epochs is designated as “old contextual
macroeconomics”, then macroeconomics for the latter epoch should be denoted as “new
contextual macroeconomics”. Evidence indicates that old contextual macroeconomics was
confined to the exploration of the causes, consequences and cures of the problem of persistent
economic instability through accelerating the economic growth in the capitalist world ceteris
paribus. But economic instability is one of the multiple subsocial instabilities of social
instability. The old contextual macroeconomics fails to tackle the problem of persistent social
instability, non-economic social instability or remaining subsocial instabilities.

In addition, the worldwide celebration of the First Earth Day on 22 April 1970
reminds/warns us that the “old context” (persistent social instability) has been coupled with a
“new context” (emerging ecological instability) in the capitalist world, given the exogenously
and spontaneously determined natural instability and natural stability including solar stability.
This “dual instability” (dual context), that is, the coexistence of the “persistent social instability”
(old context) and the “emerging ecological instability” (new context) cannot be tackled by the
“old contextual macroeconomics”. Hence, the need for a “new contextual macroeconomics” has
become eventually inevitable. The substitution of a new contextual macroeconomics for an old
contextual macroeconomics means contextualization of macroeconomics or contextual
(re)construction of macroeconomics. Such contextualization is needed only when there is a
substitution of a new context for an old context.

Macroeconomics in Context of Goodwin, Nelson and Harris (2009), is the result of
contextualization of macroeconomics. In this book, they have reinterpreted economics,
microeconomics and macroeconomics in the context of sustainability.

Thus, macroeconomics is not a set of principles, which is set in stone (Goodwin, Nelson
& Harris, 2009). Rather, it has changed over time with the change in context. Contextual
macroeconomics studies how the various macroeconomic principles fit into different contexts or
changing context.

The contextual (re)construction of macroeconomics started since the 1970s. But such
(re)construction needs adequate, apposite and/or appropriate context. The examples of

contextualization of macroeconomics are as follows:
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Fellner’s (1976) Towards a Reconstruction of Macroeconomics
Sims’s (1980) Macroeconomics and Reality

Gregory’s (1988) Recent Developments in Macroeconomics
Fisher’s (1988) Recent Developments in Macroeconomics
Phelps’s (1990) Recent Developments in Macroeconomics
Lucas’s (2000) Some Macroeconomics for the 21% Century
Harris and Goodwin’s (2003) New Thinking in Macroeconomics

Goodwin’s (2003) Macroeconomics for the 21% Century
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Taylor’s (2004) Reconstructing Macroeconomics

=
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. Aoki and Yoshikawa’s (2006) Reconstructing Macroeconomics

-
-

. Cohn’s (2007) Reintroducing Macroeconomics

=
N

. Goodwin, Nelson and Harris’s (2009) Macroeconomics in Context

=
w

. Harris and Goodwin’s (2009) Twenty-First Century Macroeconomics
14. Sachs’s (2009) Rethinking Macroeconomics.
15. Stiglitz’s (2011) Rethinking Macroeconomics: What Failed, and How to Repair It.

In this connection, it is relevant to recall the title of a conference “Rethinking Macroeconomics”,
which was held at the Pocantico Conference Centre of the Rockefeller Brothers Fund, on 20-23
June, 2002, and sponsored by Global Development and Environment Institute of Tufts
University, Medford, USA.

2.1.5. Macroeconomics of Sustainability (MOS)

A different kind of macroeconomics is going to be needed... The time is now ripe to develop a
new macroeconomics for sustainability... There is no macroeconomics for sustainability... So
there is an urgent need to develop the capabilities required to build a new macroeconomics for
sustainability... A new macro economics for sustainability is not only essential, but possible
(Jackson, 2009).

The implementation of ambitious programs for social investment and redirection of the macro
economy towards sustainability will be essential for preserving economic systems in the twenty-
first century (Harris, 2009).
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When the “core concepts” of macroeconomics developed, the world contained four billion less
people than it does today. The preanalytic vision, which informed the development of
neoclassical thought, was that of a world, in which human activity was but a tiny fraction of
global activity. Human use of resources and production of wastes was considered costless,
because the regenerative and absorptive capacities of the earth appeared to have no limits.
Today, evidence, to the contrary, arrives with regularity, to the point that the Royal Society of
London and the United States National Academy of Sciences, Population Growth, Resources
Consumption, and Sustainable World (1992) issued an unprecedented joint action statement-

warning (Kysar, 2001):

The future of our planet is in the balance. Sustainable development can be achieved, but only if
irreversible degradation of the environment can be halted in time. The next 30 years may be
crucial. The continued dominance within economics of a view of nature as limitless demonstrates
that macroeconomic theorists also may have committed Whitehead’s antirationalist fallacy: an
arbitrary halt at a particular set of abstractions.

Yet surprisingly, little recognition has been given to the fact that macroeconomics rests on what
is arguably now a discredited worldview. Among economists, increasing divergence between
theory and reality is accounted for by increasing recognition of externalities, much like the
Ptolemaic astronomers, who attempted to save their model of circular planetary motion through
desperate addition of epicycles.

However, lest society is to risk growing beyond the biophysical limits of the earth (not to
mention the point at which marginal costs of macroeconomic growth exceed marginal benefits),
it seems appropriate to develop a “new macroeconomics”, which is grounded in scientifically
plausible visions of the “relationship between macroeconomics and sustainability”. Such a new
macroeconomics can be designated as “sustainability macroeconomics”, “macroeconomic for
sustainability”, or “macroeconomics of sustainability” (MOS).

MOS is the eventual and inevitable responsiveness of a group of ecologically and socially
conscious macroeconomists to the earlier intensive and extensive inducements provided by

another group of environmentally conscious multidisciplinary and interdisciplinary
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scholars/thinkers in the form of their writings about the causes, consequences and cures of the
threat of global unsustainability. In better words, MOS can be seen as the collective,
collaborative and independent effort of a group of ecologically and socially conscious
practitioners of macroeconomics to respond to the threat of global unsustainability
perceived/observed and documented/interpreted by the multidisciplinary and interdisciplinary
scholars/thinkers in the form of their writings/articles in books and journals.

Such writings assumed unprecedented proliferation since the worldwide celebration of
the First Earth Day on 22 April 1970. The First Earth Day can be treated as the “typical turning
point” in the history of global human society. That is why all the sustainability-related writings
can be divided into three different periods: (i) pre-1970 sustainability writings, (ii) 1970
sustainability writings, and (iii) post-1970 sustainability writings. All these literatures can be
treated as the roots, inputs or ingredients of a comprehensive MOS.

If macroeconomics is (re)constructed for realizing the context of sustainability, then
macroeconomics can be designated as MOS. Unfortunately, up till now, no comprehensive text
on MOS has been constructed/created. There are only several articles/texts, whose titles are like
Rethinking, Reconstructing, Reorienting, Reformulating or Rebuilding MOS. These titles
indicate that such texts are under (re)construction. Independently, but not simultaneously and
collectively or collaboratively, many practitioners of macroeconomics are writing only the
“pieces”, not the “whole” of MOS. Besides, such practitioners come from all over the world.
Their specific concerns, interests, activities and cultures are diverse. There is hardly any
coordination and consensus among them. Obviously, there are differences of thought and
emphasis among them. Hence, their collected writings can constitute the “naive whole” (naive
MQOS), but not the “sophisticated whole” (sophisticated MOS). That is why in the Prosperity
without Growth, Tim Jackson (2009) has rightly disclosed that “There is no macroeconomics for
sustainability. So there is an urgent need for one. A new macroeconomics for sustainability is not
only essential, but possible”.

However, the relevant examples of fractional and fragmented (re)constructions of
macroeconomics for the realization/restoration of sustainability can be demonstrated by the

following twenty one literatures:
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10.
11.
12.

13.
14.

15.
16.
17.
18.
19.

20.

21.

Macroeconomics of Sustainability in Ikerd’s (1997) Toward an Economics of
Sustainability

Bretschger’s (1998) The Sustainability Paradigm: A Macroeconomic Perspective
Macroeconomics of Sustainability in Robertson’s (1999) The New Economics of
Sustainable Development

Harris’s (2001) Macroeconomic Policy and Sustainability

Kysar’s (2001) Sustainability, Distribution and Macroeconomic Analysis of Law

Brandt 21 Forum’s (2003) The Macroeconomics of Sustainable Development

Jesperson’s (2004) Macroeconomic Stability, Sustainable Development and Full
Employment

Harris and Goodwin’s (2004) New Thinking in Macroeconomics: Social, Institutional
and Environmental Perspectives

Courvisanos’s (2005) A Post Keynesian Innovation Policy for Sustainable Development
Harris’s (2007) Reorienting Macroeconomic Theory towards Environmental Stability
Goodwin, Nelson and Harris’s (2007) Macroeconomics and Ecological Sustainability
Harris’s (2008) Ecological Macroeconomics: Consumption, Investment and Climate
Change

Macroeconomics for sustainability in Jackson’s (2009) Prosperity without Growth
Custers’s (2010) The Task of Keynesianism Today: Green New Deals as Transition
Towards a Zero Growth Economy

Pollitt et al.’s (2010) A Scoping Study on the Macroeconomic View of Sustainability
Victor’s (2010) Macroeconomics for Sustainability

Nadal’s (2011) Rethinking Macroeconomics for Sustainability

van der Ploeg’s (2011) Macroeconomics of Sustainability Transitions

Brown et al.’s (2013) Macroecology Meets Macroeconomics: Resource Scarcity and
Global Sustainability

Antal & van den Bergh’s (2014) Macroeconomics, Financial Crisis and the
Environment: Strategies for a Sustainable Transition

Venkatesan’s (2015) Sustainability in the Curriculum and Teaching of Economics:

Transforming Introductory Macroeconomics
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The construction of MOS is possible, if the preexisting or unreconstructed theoretical
approaches, frameworks or models of macroeconomics can be reconstructed accordingly, or in
other words, if the preexisting or unreconstructed theoretical approaches, frameworks or models
of macroeconomics can be substituted with the new or reconstructed theoretical approaches,
frameworks or models for sustainability. From neoclassical perspective, there is no need for a
new macroeconomic framework/model for sustainability (Pollitt et al., 2010). But Victor (2008)
claims that even in a rather conventional macroeconomic framework/model (e.g. hydraulic

Keynesian macroeconomic model), a new MOS is not only meaningful, but also possible.

The construction of MOS is still being executed by many practitioners of environmental
macroeconomics, ecological macroeconomics, social macroeconomics and social ecological
macroeconomics to reduce/rule out the emerging threat of unsustainability and/or to
restore/realize the state of sustainability of the “tiny little Titanic of global life amid the
boundless ocean of lifelessness”.

Hence, the reconstruction of HK, coined and clarified by Coddington (1976, 1983), for
restoring/realizing the context of sustainability, can be regarded as one of the complementary
contributions to MOS.

Albert Einstein (1879-1955 AD) remarked that “problems cannot be solved at the same
level of thinking that lead to their creation” (lkerd, 1997). If so, problems arising from old
contextual macroeconomic thinking cannot be solved using that thinking. A new contextual
macroeconomics (e.g. MOS) cannot be derived from the contextual macroeconomics of the old

belief system. A new belief system is inevitably needed for reconstructing MOS.

2.1.5.1. Need for a MOS

The need for a MOS has been disclosed by Ikerd (1997) in his Toward an Economics of
Sustainability by an analogy as follows:

We need a new (macro)economics of sustainability, because the old (macro)economics is
fundamentally incapable of addressing the social and ecological issues of sustainability. The old
(macro)economics is like an old house that has been fixed up over and over with new paint, new
siding, new roofs, added rooms, and added stories; but still has the same support structure and
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foundation. Now, the old beams are rotting and the foundation is crumbling. There is no way to
fix it without tearing it down and starting over from the foundation up. This necessity should not
be viewed as any discredit to those who have spent careers painting, roofing, and remodeling the
old house. They have made due with what they had to work on — there seemed to be no logical
alternative. We all hate to see the old building come down. But, nothing lasts forever. It simply is
time to rebuild.

2.1.5.2. Crucial Characteristics of MOS

The crucial characteristics of MOS have been described chronologically by the following ten
authors:
(1) Indian economist Amlan Datta (1997) said:

There was a time when by the new (macro)economics was meant the Keynesian economics,
which was notable as a response to the depression of the 1930s. The new (macro)economics that
is struggling to grow today is something very different. It constitutes our response to a new set of
problems, which was only dimly perceived earlier, but has steadily grown in urgency over the
last quarter of this century. It attempts to put forward new ideas about how to organize the
foundations of a sustainable (macro)economy at this juncture in history when there are clear
signs that the global economy cannot move much further along the accustomed paths of
industrial growth without ending up in total disaster. For the true welfare economist, the horizons
of enquiry are shifting again in a new direction.... The study of wealth and welfare stands at a
new crossroads.

(2) Ikerd (1997) argues that MOS must be multidimensional — with economic, ecological and
social dimensions. It must deal with balance among, as well as attainment of, things economic,
social, and ecological. Thus, MOS must be “holistic”, not just “aggregate”, in nature. It must
promote the sustainability of communities, nations, and the world. We need a new MOS, because
the old macroeconomics is fundamentally incapable of addressing the social and ecological
issues of sustainability.

(3) According to Robertson (1999), MOS reflects the growing worldwide demand for new ways
of economic life and thought that will conserve the earth and its resources, and empower people
to meet their own needs and the needs of others. Robertson (1999) has pointed out the following
six principles of MOS:

(a) Systematic empowerment of people (as opposed to making and keeping them dependent), as

the basis for people-centered development.
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(b) Systematic conservation of resources and environment, as the basis for environmentally
sustainable development.

(c) Evolution from a wealth of nations model of economic life to a one-world model, and from
today’s inter-national economy to an ecologically sustainable, decentralizing, multi-level one-
world economic system.

(d) Restoration of political and ethical factors to a central place in economic life and thought.

(e) Respect for qualitative values, not just quantitative values.

(f) Respect for feminine values, not just masculine ones.

(4) Harris (2001) points out that there is as yet little work on reforming macroeconomic theory
and policy to take account of sustainability. Since Herman Daly first called for an environmental
macroeconomics a decade ago (Daly, 1991), there has been relatively little forward progress on
this issue — certainly none that has penetrated the mainstream of macroeconomic theory, practice,
and teaching. A sustainable perspective implies that radical and proactive government policies
are required to achieve economic development that is both socially just and ecologically sound.
The fundamental redirection required for sustainable development cannot be achieved without
reorienting macroeconomic policy. There is an increasing recognition that the achievement of
social goals is essential to environmental sustainability. Given the urgency of many macro-level
and global environmental issues together with the clearly inadequate state of current
macroeconomic theory, it appears that the time is ripe for a reassessment of macroeconomic
theory and policy.

(5) Goodwin (2003) emphasizes that macroeconomic theory has not yet come to grips with major
issues of the 21% century. These include environmental pressures, demographic changes, the size,
structure, and power of MNCs, and growing economic inequality. Existing macroeconomic
theory also does not deal adequately with normative issues, focuses excessively on market
solutions, assumes that a single macroeconomic theory can apply to all situations, and ignores
issues concerning the scale of economic activity and the speed of change. Macroeconomic theory
has been left behind by some critical facts and trends that are emerging in the 21 century. One
large set of discordant facts may be summarized as the limits of earth’s carrying capacity in
relation to both human demands for resources and anthropogenic emissions of destructive

pollutants.
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(6) Harris and Goodwin (2009) have examined the following seven crucial issues of MOS:
(a) Understanding the challenge of global warming.

(b) The new climate economics.

(c) Economics and climate change: Resilience, equity, and sustainability.

(d) The right to development in a climate-constrained world.

(e) The economic fundamentals of global warming.

(F) Macroeconomics and sustainable development: Applying “sustainomics” framework.

(9) Ecological macroeconomics: Consumption, investment and climate change.

(7) According to Jackson (2009), there is an urgent need to develop a new ecologically literate
macroeconomics capable of offering meaningful guidance for a lasting prosperity — a prosperity
that for now at least will have to do without growth, and may eventually be able to replace it
altogether. It will be essential in understanding how to build a different kind of macroeconomics,
one in which stability is no longer predicated on increasing consumption growth, but emerges
through strategic investment in jobs, social infrastructures, sustainable technologies and the
maintenance and protection of ecosystem. A new macroeconomics for sustainability must
abandon the presumption of growth in material consumption as the basis for economic stability.
It will have to be ecologically and socially literate, ending the folly of separating economy from
society and environment. MOS does not rely for its stability on relentless growth and expanding
material throughput. Jackson (2009) has prescribed twelve steps to a sustainable economy as
follows.

(A) Four Steps for Building a Sustainable Economy

(A1) Developing macroeconomic capability

(A2) Investing in public assets and infrastructures

(As3) Increasing financial and fiscal prudence

(As) Reforming macroeconomic accounting

(B) Five Steps for Protecting Capabilities for Flourishing

(B1) Sharing the available work and improving the work-life balance

(B2) Tackling systemic inequality

(Bs) Measuring capabilities and flourishing

(B4) Strengthening human and social capital
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(Bs) Reversing the culture of consumerism

(C) Three Steps for Responding Ecological Limits

(C1) Imposing clearly defined resource/emission caps

(C2) Implementing fiscal reform for sustainability

(Cs) Promoting technology transfer and international ecosystem protection

(8) Sachs (2009) remarks that sustained and widespread future prosperity will require basic
reforms in global macroeconomic governance and in macroeconomic science. Structural
challenges like energy, climate change, higher education, public health and infrastructure are not
treated as economic priorities in the conventional macroeconomics. A new strategy of economic
governance — one that is structural and global — is now needed, and a new science of
macroeconomics must supersede the stale debates of Keynesian and rational expectation
theories. The new tools of macroeconomics are quite different from the existing tools.
Macroeconomics needs an overhaul not only in concepts and tools, but in global cooperation as
well. Global macroeconomics, as opposed to national macroeconomics, should be reconstituted
around the global challenges, since solutions to the problems will do more to promote and
sustain global growth than further fiddling with macroeconomic dials. Yet as important as these
areas are to our current and future economic wellbeing, we have a surfeit of words and a
dangerous deficit of real action. We will need, urgently, to strengthen global institutions so that
they can provide reliable expert guidance, quantification, monitoring, and oversight of global
cooperative actions. The data matter and we are flying blind. We will do well to start the new
macroeconomics with three crucial and interconnected challenges: (a) climate and energy
security, (b) food and nutrition security (including land use, water use and biodiversity), and (c)
poverty reduction. The world’s macroeconomic challenges are new, because we have hit
generational roadblocks due to persistent poverty, escalating environmental threats, and
deepening energy insecurity. Macroeconomic aggregates will not produce the next generation of
automobiles, the safe worldwide use of nuclear power, the protection of rainforests, or global
capture and disposal of carbon dioxide at cost-fired plants. The new macroeconomics must be
structural — concerning itself with poverty, education, food, energy, and climate over CPI — if we
are to find our way to sustainable recovery and development.

(9) Goodwin (2010) says that the critical role for macroeconomic theory is no longer simply to

explain how the existing macroeconomic system works, but also to explore how the
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macroeconomic system can be changed to become more adaptive and resilient in the face of the
challenges of the 21% century, and how it can be more directly designed to support human
wellbeing, in the present and the future. Simultaneous changes are needed, in both the actual
macroeconomy and also in macroeconomic theory. In short, the major problems with mainstream
macroeconomic theory begins with its assumption of final ends — most probably, maximizing
GDP — that are not appropriate to a resource-constrained world. It views the macroeconomy as
separate from its social and ecological contexts, understanding neither its dependence on these
contexts nor the impacts of meta-externalities from the macroeconomic system upon them. It
only counts things that go through the market, and it has a bias against the public sector and in
favor of the status quo.

(10) Nadal’s (2011) book Rethinking Macroeconomics for Sustainability reveals the linkages
between monetary, financial and fiscal policies, and the environmental degradation, which
threatens the planet’s biosphere. Rebooting the world economic system is simply not enough to
get us on the road to sustainability. If we do not bring macroeconomics to the discussion of
sustainability, we will have failed in the endeavor to make this a better world. Nadal’s (2011)
book is an effort to bring together macroeconomics and the current debates on sustainability. The
world will never reach sustainability, if we do not redefine macroeconomic theories, policies and
practices. Nadal (2011) points out that it is a good time to seize the opportunity to go back to
basics and redefine the object and the role of macroeconomics. It is time to rethink

macroeconomics for sustainability.

2.2. Reconstructions of HK for Sustainability by Previous Literatures for
Contributing to MOS

The pursuit of knowledge is a cooperative endeavor, and will be more successful, if everyone is
allowed to make a contribution. For each man has something personal to contribute toward the
truth.

----- Avristotle (384-322 BC) [Richman, 2011]

A journey of a thousand miles begins with a single step. This is an old proverb. Initiatives to

integrate the sustainability with macroeconomic theory and policy are a step in the right direction
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to develop a MOS. The objective of the reconstruction of HK to realize the context of
sustainability is to lay the foundation for that first step.

Earlier, it has been stated that the two constituent Keynesian macroeconomic models of
HK are (i) Simple Keynesian Model and (ii) I1S-LM Keynesian Model. Hence, reconstruction of
HK for sustainability means the reconstruction of both the foregoing two models of HK for

realizing/restoring sustainability to contribute to MOS.

Chronologically, the following twenty two literatures demonstrate how HK can be reconstructed
for realizing/restoring “different dimensions” of sustainability:

(1) Young (1975) argues that in addition to describing short-run functional and causal
relationships between the main economic aggregates in a capitalist or mixed economy, the
hydraulic Keynesian model can also be reconstructed in “ecological terms”. This follows from
the fact that psychosocial, normative, and subjective factors are both explicitly and implicitly
included in the hydraulic Keynesian system. This system can, therefore, be described in terms
broader than purely economic ones, and thus the word ecosystem can be utilized in this regard,
as it seems to cover both the economic and ecological factors involved.

(2) Daly (1991) pleads for an environmental macroeconomics. The response within the school of
ecological economics has been limited to the use of the hydraulic Keynesian model (IS-LM
Keynesian model), because the IS-LM Keynesian model is the “workhorse model” in
macroeconomics (Daly & Farley, 2004; Lawn, 2003b). It is more accurate to say that the IS-LM
Keynesian model is the Trojan horse, from which the effort to distort and recover Keynesian
theory has been launched by the establishment (Nadal, 2011).

(3) According to Girma (1992), macroeconomic and program policymakers are presently not
well equipped with analytical methods for examining the environmental effects of their
recommendations and actions. Girma’s (1992) article proposes a framework for examining
macropolicy effects on incentives and constraints in the environmental sector and approach for
adapting policy cost-benefit analysis to incorporate sustainability concerns. A simple Keynesian
model is constructed, and used to show how the environment may be incorporated as a sector of
the macroeconomy. Aggregate demand policy, sectoral policy and distributional issues are

examined within the context of this simple Keynesian model. In short, Girma’s (1992) article
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starts from a simple Keynesian model and adds an environment sector to examine key
macroeconomic policies and their impacts on the environment.

(4) Thampapillai (1995) was the first author to try to assimilate the environment into a
macroeconomic model by defining an environmental cost function and projecting it on to a
conventional I1S-LM Keynesian model. The model is used to identify how macroeconomic
policies can be used to alter the I1S-LM equilibrium in order to attain a position, which maintains
the assimilative capacity of the environment. The issue is how macroeconomic policies can be
used to attain a position of environmental equilibrium. In terms of modified 1S-LM Keynesian
model, Thampapillai (1995) suggests that the restrictive or tighter fiscal and monetary policies
can reduce the level of macroeconomic activity, and such reduction of the volume of
macroeconomic activity can return the economy to the level of environmental sustainability.

(5) The article of Thampapillai and Uhlin (1996) discloses that the depreciation of environmental
capital is internalized within a simple Keynesian model to permit the determination of
sustainable national income (SNI). This article includes the simulation of SNI paths and the
evaluation of wages and technology/management policies for achieving convergence between
full employment and SNI. The scope for further conceptual development is demonstrated by the
illustration of aggregate supply in the context of environmental depreciation.

(6) Building on the basic tenet of environmental accounting, a simple Keynesian model has been
adapted by Thampapillai and Uhlin (1997) for the determination of SNI. This adaptation
involves the formulation of linear (See Figure 2, Thampapillai and Uhlin, 1997) as well as
nonlinear (See Figure 3, Thampapillai and Uhlin, 1997) frameworks of national income
determination. These frameworks are empirically demonstrated for the US economy by
integrating standard macroeconomic data with macro-environmental data. The analysis includes
the derivation of SNI paths and the evaluation of wages and technology/management policies for
jointly achieving full employment and SNI. The results indicate efficiency improvements in the
utilization of environmental capital and possible converges between the SNI path and actual NI
path.

(7) The article of Ahmed and Mallick (1997) has incorporated environment into a simple
Keynesian model for estimation of SNI of Pakistan and Bangladesh. It is now widely accepted
that the indicators of NI accounts do no correctly portray the state of the economy. GDP is the

widely used measure of economic activity, and is generally used in formulating demand
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management and stabilization policies. A major shortcoming of relying solely on GDP is that it
ignores the effects of environmental degradation and depletion of natural resources. Where
environment is concerned, there is no such thing as a free lunch and the burden of the excessive
use will have to be borne by the coming generations. In environmental economics, the
environment is regarded as capital, which is durable and provides services overtime. If managed
properly, it can provide services indefinitely. As manufactured capital depreciates overtime, the
environment also deteriorates if not maintained. Thus, the allowance for the depreciation of
environmental capital has to be deducted from a country’s NI to ensure its proper maintenance,
that is, to offset the wear and tear of natural endowments. This allowance is called environmental
capital depreciation and is deducted from the GNP to achieve the SNI.

(8) Heyes’s (2000) article has used a modified IS-LM Keynesian model to examine how
monetary and fiscal policies affect the environment. The method of Heyes (2000) differs from
that of Thampapillai (1995), because Heyes introduces the environmental restriction directly as
an environmental equilibrium curve, denoted by EE. Each point of this EE curve corresponds to
a situation, in which the wear-and-tear effect on the environment is being restored. In the EE
curve, the rate, at which the economy is using the natural resource base or the environment, is
equal to its resilience. The EE curve shows that all interest-output combinations are such that the
rate at which the economy is using environmental services is exactly equal to the natural
environment’s ability to supply them. In a nutshell, the EE curve is introduced into the IS-LM
Keynesian Model to show how monetary and fiscal policies can return the economy to a position
of environmental equilibrium. Traditional fiscal and monetary policies can set the economy on a
scale, which is compatible with environmental equilibrium.

(9) The article of Mallick, Sinden and Thampapillai (2000) shows that the environment is an
asset that provides essential services. Like any other asset, its services will diminish as it
depreciates. The environmentally SNI of a nation depends on a sustained flow of these services,
and can be estimated by including the environment in a macroeconomic framework, with a goal
to achieve both full employment and sustainability. The relationship of NI to employment is
estimated at full employment, actual employment and the employment level that is necessary to
SNI, for the Australian economy. There proved to be a widening gap between actual NI and
environmentally SNI, and between actual NI and full employment NI. Wage reduction and

improvement of technology are analyzed as possible ways to meet the goal of an
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environmentally SNI. In the analysis of the Australian economy, this article suggests that
reconciliation between the goals of sustainability and employment may be achieved by a real
wage reduction of approximately 8-10%. This analysis has been structured within the framework
of a simple Keynesian model of NI determination and a Cobb-Douglas production function. In
this article, the 8-10% wage reduction has been estimated by recourse to a Cobb-Douglas
production function for full employment. This wage reduction amounts to the same magnitude as
the environmental capital depreciation allowance, which can be subtracted from NNP in the
simple Keynesian model of NI determination in order to achieve sustainability.

(10) Munasinghe (2002) traces the relation between macroeconomics and the environment from
historical perspective. Then he discusses how environmental considerations can be incorporated
into more conventional Keynesian macroeconomic models used in policymaking, ranging from
extensions of the IS-LM Keynesian model used in analyses of comparative statics, to
sophisticated computable general equilibrium models (CGEMs), which include environmental
variables. Longer run environmental macroeconomic models for both closed and open
economies are built around supply side issues like capital accumulation, natural resource
depletion, long run labour supply, discount rate and the rate of technological progress. Finally, he
reintroduces the IS-LM-EE Keynesian model of Heyes (2000) briefly in terms of IS-LM-EE
diagram and its mathematical explanation.

(11) Lawn (2003a) has given an introduction to Heyes’s (2000) IS-LM-EE Keynesian model in
order to establish an environmental macroeconomics.

(12) Lawn (2003b) has provided an appraisal of Heyes’s (2000) IS-LM-EE Keynesian model for
the further development of environmental macroeconomics.

(13) Lawn (2003c) has extended the IS-LM Keynesian model to include an environmental
equilibrium curve, which is similar to Heyes’s (2000) EE curve. Lawn (2003¢) has demonstrated
that a decade has now passed since Daly made a plea for an environmental macroeconomics.
Despite an expanding literature on green NI accounting and the efforts of ecological economists
to measure the sustainable net benefits of a growing macroeconomy, it is only recently that
Daly’s plea has been adequately answered. This has been achieved with the incorporation by
Heyes of an environmental equilibrium curve (EE) into the familiar IS-LM Keynesian model.

However, the IS-LM-EE Keynesian model proposed by Heyes is incomplete. By extending
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Heyes’s model to include the role of technological progress and the sustainable net benefits of
economic activity, this article shows that conclusions regarding the desirability of expansionary
fiscal and monetary policies alter quite radically. Moreover, it sends out a clear message that
environmental concerns should be incorporated into macroeconomic models. They should not be
solely confined to microeconomics.

(14) The article of Daly and Farley (2004) has adopted a different approach to the use of an IS-
LM Keynesian model. First, it assumes that it is possible to calculate the throughput-intensity per
unit of output. Second, it also assumes that it is possible to estimate the maximum ecologically
sustainable level of output. This can then be imposed as an external physical constraint. The new
physical restriction is introduced into the model through a vertical line, which is called
ecological capacity line and is denoted by EC. Each point on the vertical EC line shows a
biophysical equilibrium. Given the technology used in the economy, the EC line indicates the
balance between usage and extraction rates, and the capacity of the environment to replace used
materials and restore the health of ecosystem. The points on the EC line are ignored by the
actors, whose behavior is captured in the 1S-LM curves.

(15) Sim (2006) revisits Heyes’s (2000) attempt to incorporate an environmental constraint into
the IS-LM Keynesian model. Sim’s (2006) article extends the IS-LM-EE Keynesian model of
Heyes (2000). In Heyes’s (2000) model, exogenous fiscal or monetary shocks are needed so that
the intersection of all the three curves: IS curve, LM curve and EE curve, is reached. Such
independent adjustments are circumvented in Sim’s (2006) article, which argues that a naturally
adjusting process exists and formalizes the mechanism for the IS-LM-EE Keynesian model.
Sim’s (2006) model arises out of the requirement of overcoming the inadequacies of Heyes’s
(2000) model. The main inadequacy of Heyes’s (2000) model is that it fails to answer the
question raised by Sim (2006): Is there a natural adjustment mechanism in the environmental
Keynesian framework? Sim (2006) claims that Heyes (2000) cannot suggest so. While the
simplicity and elegance of Heyes’s model deserves merit, nevertheless one difficulty is existent
in his model. In Heyes’s model, convergence to the macro-environmental equilibrium is not
automatically guaranteed, but is achieved by exogenous adjustment of IS or LM curve. In this
respect, Heyes’s model imposes a strong assumption that policy maker has perfect knowledge of
what the environmental constraint is, and the precise amount of monetary or fiscal policy

stimulus to attain an environmentally consistent market equilibrium. Sim’s (2006) model offers
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an adjustment process for the IS-LM-EE Keynesian model of Heyes based on insights from the
question: Will a level of economic activity, which is excessively polluting, be sustainable in the
long run? Recent works suggest that the answer is negative. Sim’s (2006) article suggests that in
the absence of institutional arrangements, the level of economic activity must eventually
conform to that accommodable by the environment. Through the IS-LM-EE Keynesian model,
one important lesson emerges: overlooking the environment, when developing an economy, is a
strategy programmed for serious breakdowns. Eventually, drastic but costly control measures
have to be initiated, heavily polluting manufacturing and power plants may have to be retired,
and lifestyles could change. Sustainable economic growth must also be accompanied by
progressive upgrading of regulatory standards. The objective of Sim’s (2006) article is to offer a
simple way to improve the workability of the IS-LM-EE Keynesian model so that further
extensions can be conducted from this point onwards.

(16) In Morales’s (2007) article, a simple framework extending the IS-LM-EE Keynesian model
is presented to address the perceived problem of having to balance the twin macro goals of
economic growth and environmental sustainability. This article shows that unless environmental
policy is optimal, the policy maker’s decision will lead to unsustainable growth. On the contrary,
if environmental policy is optimal, there is a: (i) finite period of sustainable growth initially, and
(i) gradual adjustment to a stationary sustainable output level due to thermodynamic constraints.
Social preferences, however, play a crucial role in terms of characterizing the long-run
adjustment process. The aim of Morales’s (2007) article is to contribute further to Heyes’s
(2000) original proposal — the greening of textbook macro theory in terms of 1S-LM-EE
Keynesian model. Morales’s (2007) article has been influenced by Daly’s suggestion that
macroeconomic theory should promote the basic goals of human development and sustainability.
(17) In terms of simple Keynesian model, Thampapillai, Wu and Sunderaj (2007), in their joint
article, demonstrate that China has been heralded as the fast growing economy in the world. This
growth has been achieved significantly at the expense of its environment. Conventional measures
of economic performance (e.g. GDP) do not take into account environmental damages, and thus
may be biased towards an unsustainable development path. This article compares China’s
economic performance as measured by GDP against a measure of sustainable GDP, estimated by
adjusting GDP for the depreciation of air, soil, and water resources. The results of this article

indicate that China’s performance may not be as remarkable as commonly perceived, and that its
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quest for sustainable development may be challenged by political and social considerations. The
challenge includes the resolution of conflict between the goals of employment and sustainability.
With the help of several equations and the income-expenditure diagram (See Figure 3,
Thampapillai, Wu and Sunderaj, 2007) of simple Keynesian model, this article illustrates the
potential conflicts between sustainability and the pursuit of full employment. This article also
points out formidable challenges in searching for sustainable development path for the Chinese
economy. The sustainability-employment conflict shows that the quest for sustainable
development could severely undermine the government’s ability to maintain social and political
stability through labour participation. While the concept of sustainable development has gained a
wide acceptance among the decision-makers in China, its implementation involves difficult
trade-offs among the various objectives.

(18) Emmanuel (2008) has transformed the I1S-LM Keynesian model into the IS-LM-BP-BE
Keynesian model to incorporate the problem of pollution. This reconstruction of the IS-LM
Keynesian model has shown the ecological and economic effects of different monetary and fiscal
policies depending on the type of small open economy considered (with or without different kind
of pollution control activities). The introduction of pollution in the form of stock in a dynamic
IS-LM Keynesian model, has allowed us to analyze the environmental consequences of
macroeconomic policies. According to this model, an environmental public expenditure, even if
it leads to increased pollution, is preferable to a usual public expenditure, because it causes
relatively fewer emissions of pollution than the latter, for an identical increase in national
income. The environmental effect of an expansionary monetary policy depends on the type of
economy involved in. In the unusual case, where the bulk of investment activities is dedicated to
clean up, any change in money supply leads to a variation in the opposite sense in the level of
pollution, for the reason that a lower interest rate stimulates investment in pollution control that
compensates the much more adverse effects of investment in usual sector. In the normal case,
where the private sector pollution is smaller than the usual private sector, any monetary policy
induced by the decline of interest rates, encourages more the usual investment (with
environmental standards unchanged), and thereby increases pollution and the income levels.
Hence, one of the major lessons of this model is that what is important is the expectation in the
sector of the pollution control and the size of this sector relatively to the rest of the economy.

Also, a government anxious to make a sustainable economic growth should give priority to try to
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drive the expectations of these pollution control firms through environmental standards
increasingly severe as long as the economy did not have a private sector of pollution control at
least as important in its economic size as the usual private sector. In the meantime,
environmental public policies should be preferred, from an environmental point of view, to any
monetary and budgetary policy, provided that public environmental measures are concrete and
truly effective remediation. Thus, our findings reinforce the arguments of post-Keynesians, who
recognized the importance of informational constraints in a state of uncertainty, and preferred
maintaining standards seeking optimality. Moreover, if one takes as relevant the criterion
proposed by Daly of carrying capacity, i.e., the optimal scale of the economy compared to the
ecosystem behind it, it can be concluded that the model, except in unusual circumstances, shows
that any monetary or budgetary policy increases the pollution level and therefore drives the
economy a little closer to the sustainable limit. If the economy is in an unusual case, one moves
more and more from this limit, and then there is sustainable development in its fullest sense.

(19) On the basis of simple Keynesian model, Victor (2008) has invented a notion of LowGrow,
which is an interactive computerized model of the Canadian economy. This LowGrow model has
suggested how both ecological sustainability and social sustainability can be achieved.

(20) Harris (2008/2009) has tried to solve the following three dilemmas by extending the simple
Keynesian model, in which three modified equilibrium equations are embedded: (i) The
balancing of consumption and investment while maintaining high employment as well as limits
on material consumption, (ii) The provision of adequate social and health expenditures, including
the added expenditures necessary for a graying population with greater longevity, and (iii) The
sufficient investment in the maintenance of critical natural capital systems including ecosystems
and atmosphere.

(21) The remark of Custers (2010) is much relevant to realize the need for reconstructing the
“ecological Keynesianism”. His argument can be summarized as follows. The world economy
today is facing the juncture of two simultaneous crises: (i) The deepest recession since the end of
World War Two, and (ii) An unprecedented world ecological crisis. Does Keynesianism offer
viable ideas to face this combined crisis, alternative to the neoliberal policymaking, which has
prevailed during the last thirty years? Historically, if viewed from a longer-term perspective, the
form of Keynesianism, which has predominated is “military Keynesianism”, defined as

macroeconomic policymaking by capitalist governments aimed at stimulating aggregate demand
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for goods. Thus, deficit spending was already applied by the British government, when it
competed with other European states to gain world hegemony in the late 17th and the 18th
century. Again, whereas for a limited period of time after World War Two, a “civilian type of
Keynesianism” has coexisted with “military Keynesianism”, especially in Western Europe, the
“military form of Keynesianism” has clearly prevailed in the era of globalization, especially in
the US. Keynesianism offers possibilities for a shift from current policymaking, but only if its
mode of application is radically different from its historical modes. An ‘“ecological
Keynesianism” needs to fulfill both a social criterion - promotion of employment - and an
ecological standard - countering capitalism’s inherent tendency to destroy its natural
surroundings. Three examples of an “ecological Keynesianism” initially come to mind: (i) The
state’s use of transfer and investment measures so as to accelerate the shift from reliance on
fossil fuels towards reliance on renewable energy, (ii) State intervention to discourage
incineration of waste, and to enhance reliance on recycling, and (iii) Conversion of military
production facilities into units, which produce for the sustenance of life on earth. While an
“ecological Keynesianism” does offer ample possibilities to address today’s combined crisis, the
given policymaking needs to be understood as transitional. A solution to the world’s ecological
crisis is only possible via the transition towards a stationary state - a zero growth economy at the
world level, which protects the interests of the global South.

(22) Konar (2010) argues that Simple Keynesian Model and Hicks-Hansen IS-LM Keynesian
Model of Coddington’s HK are devoted to explore the causes, consequences and cures of the
“persistent problem of economic instability” in the capitalist world. But recently the global
environmental indications are that the “persistent economic instability” is being coupled with the
“emerging threat of ecological instability” in the world capitalist system. This dual instability —
the coexistence of persistent economic instability and the emerging ecological instability —
constitutes the “ecologically unsustainable economic instability” or “ecologically economic
unsustainability”, which cannot be tackled by conventional HK due its ingrained inadequacies.
This article shows how the foregoing two models of HK can be “ecologized” to restore
“ecologically economic sustainability” through the compositional modifications of the
conventional equilibrium conditions for income determination by incorporating the
macroecological variables into these equilibrium conditions, and also through the introduction of

new policy measures and applications. This article suggests that conventional HK shows upward
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or downward bias with respect to ecological HK in the sense that the values of most of the
conventional macroeconomic variables (that is, surface values) are significantly different from

that of ecologically adjusted macroeconomic variables (that is, true or real values).

2.2.1. A Critical Conclusion from Previous Literatures on the Reconstructions
of HK for Sustainability

Serious criticisms and serious replies are both essential parts of science (Daly, 1997).

The twenty two previous literatures on the reconstructions of HK for realizing the varied
versions of sustainability can be classified into two groups. While the first group has attempted
to reconstruct the Simple Keynesian Model, the second group is devoted to reconstruct the 1S-LM
Keynesian Model.

The first group includes Young (1975), Girma (1992), Thampapillai and Uhlin (1996),
Thampapillai and Uhlin (1997), Ahmed and Mallick (1997), Mallick, Sinden and Thampapillai
(2002), Thampapillai, Wu and Sunderaj (2007), Victor (2008), Harris (2008/2009), Custers
(2010) and Konar (2010), while the second group contains Daly (1991), Thampapillai (1995),
Heyes (2000), Munasinghe (2002), Lawn (2003a, 2003b, 2003c), Daly and Farly (2004), Sim
(2006), Morales (2007), Emmanuel (2008) and Konar (2010).

2.2.2. Common Features of Previous Literatures

The common features of the twenty two previous literatures on the reconstructions of HK for
realizing the different versions of sustainability can be summarized as follows:

(1) The previous literatures are based on hydraulic Keynesian methodology, framework, setup,
model or paradigm.

(2) They have devised different models, in which different tools of analysis are embedded.

(3) While some models have introduced the different new variables, other some models have

introduced the different new equations, functions or curves.
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(4) Some models have been designed to tackle the problem of environmental or ecological
sustainability, while few models have considered social sustainability, ecologically social

sustainability or ecologically sustainable social stability.

2.2.3. Distinctive Features of the Reconstructed HK for Sustainability

The distinctive features of the reconstructed HK for sustainability in the present thesis can be
summarized in terms of the following two points:

(1) Reconstructed HK for sustainability consists of different submodels. Each sub-model is
characterized by its “representative equations”, which are indicated by the “equilibrium
equations” of the commodity market and/or money market. The nature of the equilibrium
equations is determined by the nature of the (i) economy (e.g. two-sector closed economy, three-
sector closed economy, four-sector open economy) and (ii) new variables (e.g. economic,
ecological, social, sub-social) incorporated into the equilibrium equations.

(2) Though the nature and composition of equilibrium equations in each submodel has been
transformed through the incorporation of the new variables, yet no new equations, functions or
curves have been introduced. Because adequate or appropriate reconstitutions of the equilibrium

equations rule out the necessity of introducing the new equations, functions or curves.

2.2.4. Two Critical Questions

The critics can raise the following two crucial questions:
(1) What are the missing points or demerits of the previous literatures?

(2) What is the novelty, newness, originality or merit of the present thesis?

2.2.5. Response to Two Critical Questions

The response to the foregoing two critical questions is based on the most relevant remarks of the
following three authors:
(1) According to the American Nobel laureate (1982) economist George J. Stigler, originality has

the temporal priority in the statement of an idea. Originators usually discover their leading ideas
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rather than excavate them from the literature. This is an interesting problem, but it makes no
difference whether the new ideas come from current originality or past originality. Originality
should be measured against the knowledge of one’s contemporaries. If one opens our eyes to
new ideas, new perspectives on old ideas, or new errors/inconsistencies, she/he is an originator.
Originality means difference, not improvement, and one may invent new errors as well as new
truths (Stigler, 1955).

(2) Lawrence Boland (1994) argues that those, who actively engage in refuting one theory, are
doing so only because they have an alternative theory in mind. It is not enough to indicate that
the researcher’s idea is or was new, but one may want to show that it is a solution to some
problem. When examining the contribution of an economic thinker, problem orientation always
involves presuming that the thinker was implicitly or explicitly trying to solve a problem:
achieving his/her aims by overcoming or dealing with all relevant obstacles. But problem
orientation is always retrospective. Sometimes, the situational analysis is substituted for problem
orientation (Boland, 1994).

(3) The French Nobel laureate (1988) economist Maurice Allais argues that the successful
scholar is always the one, who adds some marginal improvement to the dominant theories to
which everyone is accustomed. If, however, a new theory falls outside established paths, it is
certain to face general opposition whatever its justification. For all these reasons, it is essential to
subject established truths (which cannot be questioned without confronting the active ostracism
of the establishment) constantly to a critical analysis without indulgence. All genuine scientific
progress comes up against the tyranny of the dominant ideas generated by the establishment. The
true scholar undoubtedly seeks truth for its own sake, but he/she cannot be insensitive to the
recognition of the value of his/her work. Whatever they may have said, the most eminent
scholars have never remained completely indifferent to the opinions of others (Allais, 1997).

By comparison of the present thesis with the previous literatures, it can be emphasized
that the introduction of the new equations, functions or curves by some of the previous literatures
indicates not only their “superfluity”, but also the “lack of methodological mechanism” about the
transformations  of the equilibrium  equations. Some literatures have  used
ecological/environmental equilibrium curves to indicate ecological/environmental sustainability.
Surprisingly, none has thought to introduce “similar curves” (e.g. social equilibrium curves or

subsocial equilibrium curves) in his/her model in order to realize social sustainability or multiple
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variants of subsocial sustainability. This implies that such literatures have concentrated only on
ecological or environmental sustainability, not on social sustainability, ecologically social
sustainability or ecologically sustainable social stability. In better words, social sustainability,
ecologically social sustainability or ecologically sustainable social stability has been
(deliberately or decidedly?) “denied” by the previous authors. Hence, it is a matter of
“denialism”, coined by John Bellamy Foster (2011), who said, “Our worst enemy is denialism”.
Because the previous literatures have “denied the real truth about sustainability”: social
sustainability and ecological sustainability are interdependent, neither independent, nor
dependent at the cost of other (Konar & Chakrabortty, 2011). Moreover, social sustainability
includes sustainability of multiple subsocials: economic sustainability, political sustainability,
cultural sustainability, ethical sustainability, moral sustainability, spiritual sustainability, familial
sustainability, psychological sustainability, religious sustainability, etc.

On the contrary, the reconstructed HK of the present thesis can ensure the following three
variants of sustainability: (i) Ecological Sustainability, (ii) Social Sustainability and (iii)
Ecologically Social Sustainability or Ecologically Sustainable Social Stability without the usage
of new equations, functions or curves, but by the “rational reconstitutions” of the “conventional
equilibrium equations” of HK. Hence, the present thesis can be treated as a “protest against such
denialism”.

The major missing point of all the previous literatures is their inability/inadequacy to
transform the “conventional equilibrium equations” into “sustainable equilibrium equations” by:
(i) Incorporating the relevant macroeconomic, macroecological, macrosocial and/or macrosub-
social variables into them.

(if) Maintaining the consistency of the national income accounting method suggested by United
Nations IEEA (1993) and SEEA (1993).

(iii) Rationally reconsidering or reconstructing the definitional equations of sustainable national
income (SNI).

(iv) Incorporating the SNI into the consumption or saving function.
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3. Simple Keynesian Model: An Anatomical Sketch

Economics is a science of thinking in terms of models joined to the art of choosing models,
which are relevant to the contemporary world. It is compelled to be this, because, unlike the
typical natural science, the material to which it is applied is, in too many respects, not
homogeneous through time... Progress in economics consists almost entirely in a progressive
improvement in the choice of model (Keynes, 1938).

Simple Keynesian Model (SKM) is also known as Keynesian Cross Diagram. It was developed
by Meade (1937), Samuelson (1948, 1965/1948), Hansen (1953), et al. The appraisal and
reappraisal of SKM was executed by Fusfeld (1985), Patinkin (1989), Davidson (1989), et al.
The sole objective of SKM is to explore the causes, consequences and cures of the “secular
economic stagnation” in the capitalist world. This model suggests that deficiency of effective
demand or excessive saving over investment is the only cause of secular economic stagnation in
the capitalist world. As policy prescription, the SKM offers the solution that the increase in
effective demand or the excessive investment over saving can cure such stagnation. If the
effective demand is not increased by the increase in private consumption and/or investment,
government should adopt adequate fiscal policy to stimulate effective demand by the
“socialization of investment” (Keynes, 1936) to reduce or rule out such stagnation. Noteworthy
that the equilibrium income of SKM does not necessarily indicate a full employment level of
equilibrium income, rather it generates involuntary unemployment equilibrium income as
opposed to Classical full employment level of equilibrium income. As Keynes (1936) said, “The
outstanding faults of the economic society, in which we live, are its failure to provide for full
employment and its arbitrary and inequitable distribution of wealth and incomes”. This occurs
because “there has been a chronic tendency throughout human history for the propensity to save
to be stronger than the inducement to invest. The weakness of the inducement to invest has been

all times the key to the economic problem” (Keynes, 1936).

The salient features of the SKM can be summarized in terms of the points indicated by (3.1 —
3.6).

3.1. Classification of Simple Keynesian Model (SKM)
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SKM can be classified into the three categories depending upon the nature of the economy as

follows. Such classification will also be evident from Table 3.1.

(1) SKM for Two-Sector Closed Economy consisting of household sector and firm/business
sector.

(2) SKM for Three-Sector Closed Economy consisting of household sector, firm/business sector
and government sector.

(3) SKM for Four-Sector Open Economy consisting of household sector, firm/business sector,
government sector and foreign sector.

3.2. Approaches to SKM

SKM has two approaches: (i) Income-Expenditure Approach and (ii) Saving-Investment
Approach. Each approach is basically characterized by the nature of its “equilibrium equations”
as shown in Table 3.1.

Table 3.1: Equilibrium Equations of SKM

Nature of Economy Saving-Investment Income-Expenditure
Approach Approach

Two-Sector Closed S(Y) =1 (3.1a) | Y=C(Y)+1 (3.1b)
Economy

Three-Sector Closed S(Yg)+T=1+G (3.2a) |Y=C(Yg)+I1+G
Economy (3.2b)
Four-Sector Open SY)+T+M=1+G+ |Y=C(Yq) + | + G + (X-
Economy X (3.3a) | M) (3.3b)

The notions of the notations/variables used in Table 3.1 are as follows:

C = Consumption expenditure by household sector
G = Government expenditure (consumption-oriented)
I = Private investment expenditure in manufactured capital

M = Import by foreign sector
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S = Saving by household sector

T = Net tax = (Tax — Transfer payment) collected by government sector

X = Export by foreign sector

Y = Net domestic product (NDP) = (GDP — D™) = National income (NI), where GDP = Gross
domestic product, and D™ = Depreciation, depletion or degradation of manufactured capital

Yq = Disposable NI = (Y - T)

3.3. Composition of Equilibrium Equations in SKM

The composition of equilibrium equations of the income-expenditure approach and the saving-
investment approach in the SKM depends on the nature of the economy as shown in Table 3.1
(Konar, 2010).

3.4. Determination of Equilibrium in SKM for Two-Sector Closed Economy
by Saving-Investment Approach with Autonomous Investment (I = 1)

The determination of equilibrium income in SKM for two-sector closed economy by saving-
investment approach with autonomous investment can be represented in terms of Figure 3.1. To
do this, let us reconsider the equation (3.1a) in Table 3.1. The explicit form of such equation can
be given by equation (3.4).

56



Figure 3.1: Equilibrium in SKM for Two-Sector Closed Economy by Saving-
Investment Approach with Autonomous Investment
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Figure 3.2: Equilibrium in SKM for Two-Sector Closed Economy by Saving-
Investment Approach with Induced Investment
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[-Sa+sY]=la (3.4)
where S, = autonomous saving, la = autonomous investment, s = S'(Y) = MPS

Rearranging equation (3.4), we get equilibrium NI (Ye) by equation (3.5).

Ye = (la + Sa)/s (3.5)

The equilibrium NI denoted by Ye in Figure 3.1 is statically stable, because the condition for
static stability of equilibrium income requires that the slope of the excess investment (EI) curve

will be negative, which implies that MPS > 0. This is evident from equation (3.6).
dEI/dY =d[la + Sa—sY] /dY <0, ors=S'(Y) =MPS >0 (3.6)

Thus, the point of intersection between S = [- Sa + sY] curve and | = Ia curve in Figure 3.1

indicates the existence, uniqueness and static stability of Ye.

3.5. Determination of Equilibrium in SKM for Two-Sector Closed Economy
by Saving-Investment Approach with Induced Investment [I = la+ 1(Y)]

The determination of equilibrium income in SKM for two-sector closed economy by saving-
investment approach with induced investment can be represented in terms of Figure 3.2. To do
this, let us reconsider the equation (3.1a) in Table 3.1. The explicit form of such equation can be

given by equation (3.7).
[-Sa+sY]=[la+iY] (3.7)

where S, = autonomous saving, la = autonomous investment, s = S'(Y) = MPS,
i=1'(Y) = MPI

Rearranging equation (3.7), we get equilibrium income (Yg) by equation (3.8).

Ye = (la + Sa)/(s- i) (3.8)
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The equilibrium income denoted by Ye in Figure 3.2 is statically stable, because the condition for
static stability of equilibrium income requires that the slope of the excess investment (El) curve
will be negative, which implies that MPS > MPI, or s > i. This is evident from equation (3.9).

dENAY = d[la+iY + Sa—sYJ/dY <0, or s = S'(Y) > i = I'(Y) (3.9)

Thus, the point of intersection between S = [- Sa + sY] curve and | = [la + iY] curve in Figure 3.2

indicates the existence, uniqueness and static stability of Ye.

The condition for static stability or instability of Ye depends on the slope of the excess investment
(EI) curve. If the EI curve is negatively (or positively) sloping, Ye will be statically stable (or
instable), as shown in Figure 3.3.

Figure 3.3: Static Stability of Equilibrium in SKM
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4. 1S-LM Keynesian Model: A Compositional Outline

The backbone of hydraulic Keynesianism is the IS-LM framework (Snowdon & Vane,
2005).

The IS-LM model emerged as the starting point for the development of ‘“hydraulic
Keynesianism” (Coddington, 1976), a very fertile research programme (Gerrard, 1995).

While | stands for investment, S stands for saving. Hence, the curve or the locus of various
combinations of Y and r, which shows the equality between |1 and S (I = S), is called IS curve.
Further, L stands for liquidity preference or demand for money, while M stands for supply of
money. Hence, the curve or the locus of various combinations of Y and r, which shows the
equality between L and M (L = M), is called LM curve. While | = S indicates the product or

commodity market equilibrium, the L = M shows the money market equilibrium.

4.1. Classification of IS-LLM Keynesian Model

The IS-LM Keynesian Model is dichotomized into (i) Simple IS-LM Keynesian Model and (ii)
Generalized IS-LM Keynesian Model. Such dichotomization is determined by whether the 1S
curve is simple or generalized. But the LM curve is devoid of any division/dichotomization and
it is also independent of the nature of the economy (Konar, 2010). Thus, while IS curve is of two
types: (i) Simple IS Curve (SISC) and (ii) Generalized IS Curve (GISC), the LM curve is unique.

4.2. Equations of Simple IS Curve (SISC)

The composition of equations of SISC is determined by the nature of the economy as shown in
Table 4.1.

4.3. Equations of Generalized IS Curve (GISC)

The composition of equations of the GISC is also determined by the nature of the economy as

shown in Table 4.2.
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Table 4.1: Composition of Equations of SISC

Nature of the Economy Equations of SISC
Two-Sector Closed Economy S(Y) = I(r) (4.2)
Three-Sector Closed Economy SNYa)+T=1I(r)+G 4.2)
Four-Sector Open Economy SNYa)+T+M=1I(r)+G+X
(4.3
Table 4.2: Composition of Equations of GISC
Nature of the Economy Equations of GISC
Two-Sector Closed Economy S(Y, ) =1(Y,r) (4.4
Three-Sector Closed Economy SNYa, N+T=1KY,N+G
(4.5)
Four-Sector Open Economy SN, N+T+M=1Y,N+G+X
(4.6)

The notions of the notations used in Table 4.1 and Table 4.2 are as follows:

G = Government expenditure

I = Private investment expenditure in manufactured capital

M = Import

r = Rate of interest

S = Saving

T = Net tax = (Tax — Transfer payment)

X = Export

Y = Net domestic product (NDP) = (GDP — D™M) = National income (NI), where GDP = Gross
domestic product, D™ = Depreciation of manufactured capital
Yq = Disposable NI = (Y - T)

4.4. Equation of LM Curve
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The equation of LM curve is given by equation (4.7).
Ma" =[L1 (Y, P*) + L2 (r)] = L(Y, r, Pa") 4.7)

Where L; = Active demand for money = [Transaction demand for money (Lt) + Precautionary
demand for money (Lp)], L2 = Speculative demand for money, Ma"= Autonomous money supply,

Pa" = Autonomous price level, L = Demand for money = Liquidity preference, Y = NI, r = Rate

of interest

4.5. Slope of SISC

The equation of the SISC indicated by equation (4.1) in Table 4.1 can be rewritten as equation
(4.8).

S(Y)=1(r) (4.8)
By total differentiation of equation (4.8) with respect to Y, we get equation (4.9).
[dr/dY]sisc = S*(Y)/I'(r) 4.9)
= Slope of SISC
The SISC assumes four slopes depending upon the signs of S’(Y) and /'(r) as follows:

a) IfS'(Y) = 0 irrespective of I'(r), the SISC is zero sloping.

b) If I'(r) = « irrespective of S'(Y), the SISC is zero sloping.

c) IfI'(r) =0 irrespective of S'(Y) > 0, the SISC is infinitely sloping.

d) If S'(Y) = w irrespective of I'(r), the SISC is infinitely sloping.

e) IfS'(Y)>0andI'(r) <0, the SISC is negatively sloping.
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f) 1fS'(Y) <O0andI'(r) > 0, the SISC is negatively sloping.
g) IfS'(Y)>0and I'(r) > 0, the SISC is positively sloping.
h) IfS'(Y) <0and I'(r) <0, the SISC is positively sloping.

The foregoing four slopes of SISC have been shown in Figure 4.1.
4.6. Slope of GISC

The equation of the GISC given by equation (4.4) in Table 4.2 can be rewritten as equation
(4.10).

S(Y, 1) = I(Y, 1) (4.10)

By total differentiation of equation (4.10) with respect to Y, we get equation (4.11).

[dr/dY]eisc = [ly — Sy)/[Sr- 1] (4.11)

= Slope of GISC

Like SISC, the GISC also assumes four slopes depending upon the signs of Sy, lv, Sy, and Ir. The
four slopes of SISC and GISC have been shown by IS; (i = 1, 2, 3, 4) in Figure 4.1.
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Figure 4.1: Four Slopes of IS Curve
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4.7. Diagrammatic Derivation of SISC

There are two circuits: (i) abce1 and (ii) dmnez in Figure 4.2. The first circuit starts with ry rate of
interest and ends with Y1 income and thereby produces the coordinate (Y1, r1) keeping the
commodity market in equilibrium (S = 1I). Similarly, the second circuit starts with r> rate of
interest and ends with Y, income and thereby produces the coordinate (Y2, r2) keeping the
commodity market in equilibrium (S = ). The line, which connects the two coordinates: (Y1, r1)
and (Y2, r2), is the resulting SISC.
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Figure 4.2: Diagrammatic Derivation of SISC
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4.8. Points “Of” IS Curve and Points “Off”’ IS Curve

Points of the IS curve means the points on the IS curve, which shows | = S ( commodity market
equilibrium). But points off the IS curve means the points, which lie to the right and left of the IS
curve. Any point, which lies to the right (or left) of the IS curve represents an excess supply of
commaodity (or excess demand for commaodity) in the commodity market. The excess supply of
commodity [ Y > (C+ )] and the excess demand for commodity [Y < (C+ 1)] can be translated
into S > 1 and S < I respectively, both of which indicate disequilibrium in the commodity market.

In Figure 4.3, while the point A indicates S < I, the point F indicates S > |I.
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Figure 4.3: Points “of” and “Off” IS Curve
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4.9. Slope/Shape of LM Curve

The LM curve is devoid any dichotomization/division (e.g. Simple LM Curve and Generalized

LM Curve). The equation of the LM curve given by equation (4.7) can be rewritten as equation
(4.12).

Ma" =[La (Y, P*) + L2 (r)] = L(Y, r, Pa") (4.12)
By differentiation of equation (4.12) with respect to Y, we get equation (4.13).
[dr/dY]im =- Ly /L: (4.13)

= Slope of LM Curve
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The slope/shape of LM curve is determined by the slope/shape of La(r) curve [i.e. on the
sign/value of L] on the assumption that Ly > 0. The slope/shape of Lx(r) curve has been shown

in Figure 4.4, while the slope/shape of LM curve has been shown in Figure 4.5.

From equation (4.13), it is amply clear that when Lx(r) curve is vertical, LM curve follows suit,
when La(r) curve is horizontal, LM curve follows suit and when L»(r) curve is negatively

sloping, LM curve does not follow suit, that is, LM curve is positively sloping.

In fine, LM curve is the “mirror image” of Lo(r) curve in the sense that if a “mirror” is kept
vertically to the right of La(r) curve in Figure 4.4, then its “reflection” will be LM curve in
Figure 4.5.

Figure 4.4: Slope/Shape of Ly(r) Curve
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Figure 4.5: Slope/Shape of LM Curve
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4.10. Points “Of”’ and “Off” LM Curve

The kinked shaped LM curve has been shown by LM (M,", Pa") in Figure 4.5. Any point, which
lies to the right (or left) of LM curve, represents an excess demand for money (or excess supply
of money) in the money market. Both the excess demand for money (L > M) and the excess
supply of money (L < M) in the money market imply the disequilibrium in the money market. If
the equilibrium in the money market is to be obtained, then it is only possible along LM curve,
because LM curve is the locus of various combinations of Y and r along which the equality: L =
M (the equilibrium condition of the money market) is maintained. Thus, L > M is possible to the

right of LM curve, while L < M is possible to the left of LM curve (Figure 4.5).
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4.11. Equilibrium in 1S-LM Keynesian Model

If both IS curve and LM curve are brought together in a diagram (Figure 4.6), the point of
intersection between them determines the equilibrium of both the commodity market and the
money market simultaneously. Such equilibrium point is denoted by E in Figure 4.6, which
shows that the point of intersection between IS and LM (Ma", Pa") determines the equilibrium
income (Ye) and equilibrium rate of interest (re) simultaneously. This is the “existence” of

equilibrium in IS-LM Keynesian model.

4.12. Stability of Equilibrium in IS-LM Keynesian Model
The “stability” of equilibrium in IS-LM Keynesian model can be demonstrated in the following
way:

In Figure 4.6, IS curve and LM curve intersect to create four zones indicated by Zone I, Zone I,
Zone Il and Zone IV.

The following results can be obtained from the four zones:

In Zone I, I < S and L < M, which lead to fall in both Y and r.

In Zone Il, 1 > Sand L <M, which lead to rise in Y and fall in r.

In Zone 111, 1 > S and L > M, which lead to rise in both Y and r.

In Zone IV, I <Sand L > M, which lead to fall in Y and rise in r.

The stability condition of equilibrium in IS-LM Keynesian model requires that any departure

from equilibrium, or deviation of equilibrium, leads market forces to function in such a way that

the resulting change in Y and r restores the equilibrium point E through a counter clock-wise
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(circular, rectangular or similar) movement. Noteworthy that the market forces will continue to
function to change the Y and r until the equilibrium point E is reached through a counter clock-

wise movement (Figure 4.6).

Figure 4.6: Equilibrium in IS-LM Keynesian Model
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5. Means of Reconstruction of HK for Sustainability

The recent events have brought Keynes back to life. The income-expenditure model that is
conventionally taken to be the core of Keynesian theory was thus the bit of Keynes most suitable
for the policy maker. The theory of income or employment multiplier showed much extra
demand needed to be pumped into a depressed economy to bring it back to full employment. We
do not need a new Keynes. We do need the old Keynes, suitably updated. He will not be our sole
guide to the economic future, but he remains an indispensable guide (Skidelsky, 2011).

The means of reconstruction of HK, which consists of (i) Simple Keynesian Model and (ii) IS-LM
Keynesian Model, for realizing/restoring sustainability, can be described in terms of the

following nine points indicated by (5.1. — 5.9).

5.1. Introduction of Four Types of Essential Economic Activity

In opposition to the preexisting contextual notion, economics, in the present context of
sustainability, has been redefined as the study of the way people organize themselves or organize
their efforts to sustain life and enhance its quality (Goodwin, Nelson & Harris, 2009; Goodwin,
Nelson, Ackerman & Weisskopf, 2009). Hence, economics studies how individuals engage in the

following four economic activities and how their social coordination is achieved:

(1) Maintenance of Resources, such as, natural resources, manufactured resources, human
resources and social resources. Maintenance of resources means tending to, preserving, or
improving the stocks of resources, which form the basis for the preservation and quality of life.
In other words, maintenance of resources is the management of various capital (e.g. natural
capital, manufactured capital, human capital, social capital) stocks so that their productivity is
sustained.

(2) Production of Goods and Services. Production is the conversion of some of these resources
into usable products.

(3) Distribution of Goods and Services. Distribution refers to the sharing of products and

resources among people.
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(4) Consumption of Goods and Services. Consumption indicates their final use.
5.2. Introduction of Three Principal Macroeconomic Goals

Conventionally, macroeconomic goals are confined to (i) internal stability, which means
economic growth with price stability, equitable distribution and full employment, and (ii)
external stability, which implies equilibrium in balance of payment. In the present context of
sustainability, the following three principal macroeconomic goals are substituted for the
foregoing two conventional macroeconomic goals:

(1) Improvement of people’s living standards so that their lives can be long, healthy, enjoyable,
and offer them the opportunity to accomplish the things they believe give their lives meaning.

(2) Achievement of sufficient economic stability to enable individuals and families to enjoy
economic security and to be able to make reasonable predictions about their future.

(3) Achievement of sustainability, which consists of “ecological sustainability” and “social
sustainability”, given the exogenously and spontaneously determined natural stability and natural
instability.

5.3. Introduction of Four Spheres of Macroeconomic Activity

(1) Core Sphere, which consists of households, families and communities. They organize
resource-management, production, distribution, and consumption of goods and services.

(2) Public-Purpose Sphere, which consists of governments and their agencies, as well as
nonprofit organizations, such as, charities and professional associations, and international
institutions, such as, the World Bank and the United Nations established for some public purpose
beyond individual or family self-interest, and not operating with the goal of making a profit. The
economic functions of this sphere can be divided into: (i) regulation, where rules or standards are
set for the actions of other economic entities, and (ii) direct provision, where public-purpose
organization itself takes on economic activities.

(3) Business Sphere, which consists of firms producing goods and services for profitable sale.
Whereas the core sphere responds to direct needs, and the public-purpose sphere responds to its
constituents, business firms are responsive to demands for goods and services, as expressed

through markets by people, who can afford to buy the products produced by the firms.

72



(4) Informal Sphere, which consists of small enterprises operating outside of government
oversight and regulation. In less developed countries, most people are employed/engaged in
small-scale agriculture, trade, and services, which often go unaccounted. Most informal activities

are often ignored in government complied accounts.

5.4. Introduction of Six Sectors into National Income Accounting

In conventional national income accounting, only four sectors such as (i) household sector, (ii)
business/firm sector, (iii) government sector, and (iv) foreign sector are considered. But
presently, the following five sectors are incorporated into national income accounting:

(1) Personal Sector, which consists of households and nonprofit institutions serving households.
(2) Business Sector, which consists of all entities concerned with producing goods and services
for profitable sale.

(3) Government Sector, which consists of central, state and local government entities.

(4) Foreign Sector, which consists of entities located outside the borders of national countries.

(5) Natural Sector, which provides diverse natural resources for consumption and production of
goods and services by the regenerative and absorptive capacities of Only One Earth (Ward &
Dubos, 1972).

(6) Social Sector, which creates, conserves and/or control social capital for ensuring social

cohesion, cooperation, coordination, solidarity, stability, trust, transparency and accountability.

5.5. Introduction of Three Types of Capital into National Income Accounting

In conventional national income accounting, only one type of capital, such as manufactured
capital, is used. But the context of sustainability requires at least the following three types of
capital:

(1) Natural Capital, which refers to physical assets provided by nature, such as, land that is
suitable for agriculture or other human uses, fresh water sources, and stocks of mineral and crude
oil, which are still in the ground.

(2) Manufactured Capital, which refers to physical assets that are generated by applying human

productive activities to natural capital.
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(3) Social Capital, which consists of various sub-social capitals (e.g. cultural capital, political
capital, moral capital, ethical capital, religious capital, etc). Social capital refers to the
institutions, relationships, and norms, which shape the quality and quantity of a society’s social
interactions. Social cohesion is critical for societies to prosper economically and for development
to be sustainable. Social capital is not just the sum of the institutions, which underpin a society. It
is the glue that holds them together. Social capital, when enhanced in a positive manner, can
improve project effectiveness and sustainability by building the community’s capacity to work
together to address their common needs, fostering greater inclusion and cohesion, and increasing

transparency and accountability.

5.6. Compositional Reconstruction of GDP = [C + | + G + (X — M)] by
Decomposition of C, I and G

In conventional national income accounting, the notations C, | and G imply the following

notions:

C = Consumption expenditure by household sector
I = Investment expenditure by private sector firms

G = Government expenditure on goods and services (consumption-oriented)

But in the context of sustainability, the decomposition/division of the foregoing three notations:

C, I and G has become inevitable as follows:
C = [(consumption of households) + (consumption of non-profit institutions serving households)]
= [(consumption of non-durable goods and energy-intensive services) + (consumption of human

capital-intensive services) + (household investment in consumer durables)]

I = [(private investment in manufactured capital) + (private investment in natural capital) +

(private investment in social capital) + (private investment in human capital)]
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G = [(government consumption) + (government investment)]

= [{(government consumption of non-durable goods and energy-intensive services) +
(Government consumption of human capital-intensive services)} + {(government investment in
manufactured capital) + (government investment in natural capital) + (government investment in

social capital) + (government investment in human capital)}]

5.7. Reconstruction of National Income: From GDP to Sustainable National
Income (SNI)

In 1937, the first set of national accounts was presented to the Congress of USA by the
economist Simon Kuznets, who was commissioned to develop national accounts by the
Department of Commerce of USA. Mere environmental consciousness and activities cannot
resolve the emerging problem of unsustainability. What is urgently needed is an objective,
scientific and standardized checking system, which is called “environmental accounting system”
(IEEA, 1993; SEEA, 1993). Environmental accounting is treated as synonymous with green
accounting and resource accounting. The transition of national income from GDP to SNI can be
briefly sketched by the following three points indicated by (5.7.1 — 5.7.3).

5.7.1. Conventional Method of National Income Accounting

In 1948, the System of National Accounts (SNA) originated in the United Nations (UN)
Measurement of National Income and the Construction of Social Accounts, and has been
developing as a standard system of national accounting. According to the conventional national

income accounting method of SNA,
NDP =[GDP-D"=C+1+G+ (X-M) (5.1)

where GDP = Gross Domestic Product, NDP = Net Domestic Product, D™ = Depreciation,

degradation, depletion or destruction of manufactured capital.
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5.7.2. Construction of Environmentally Adjusted NDP

Ahmad, Serafy and Lutz’s (1989) edited book, entitled, Environmental Accounting for
Sustainable Development, is the outcome of the joint workshops organized by the United Nations
Environment Programme (UNEP) and the World Bank to examine the feasibility of physical and
monetary accounting in the area of natural resources and the environment and to develop
alternative macro-indicators of environmentally adjusted and sustainable income and product. A
consensus emerged in the workshops that enough progress had been achieved to develop the
links between environmental accounting and the SNA. However, according to the United
Nations System of Integrated Environmental and Economic Accounting (SEEA, 1993) and
Integrated Environmental and Economic Accounting (IEEA, 1993), a measure called
“Environmentally Adjusted NDP” (EANDP) had been developed as follows:

NDP =C+1+G + (X-M) (5.2)
EANDP = [GDP — (D™ + D")] (5.3)
EANDP=C + (P +N—D" + G + (X — M) (5.4)

where P = Net capital accumulation in produced (or manufactured) assets, N = Net capital
accumulation in non-produced (or non-manufactured) assets, D" = Depreciation, degradation,

depletion or destruction of natural/ecological assets
5.7.3. Construction of Sustainable National Income (SNI)

Empirical attempts to estimate modified national income accounts predate the interests of
environmental economists in green NNP (Eisner, 1988). In 1989, the first set of national income
accounts to incorporate environmental depreciation was produced for Indonesia by scholars at
the World Resources Institute in Washington, DC. Since the World Resources Institute Study
(1989), several dozen studies of modified national income have been published and reviewed by
Hamilton and Lutz (1996). The theoretical foundations for modifying the national income
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accounts have been subsequently set out by Hartwick (1990) and M~ aler (1991). Further,
Hueting, Bosch and de Boer (1991) developed the Methodology for the Calculation of
Sustainable National Income. An extensive guide to new national income accounting theory has
been offered by Hartwick (2000).

The concept of sustainable development suggests that a development path is sustainable,
if and only if the stock of overall capital remains constant or rises over time. There are various
types of capital. But for our present purpose, only the following three forms of capital will be
considered: (i) Manufactured Capital, (ii) Natural/Ecological Capital, and (iii) Social Capital.
Noteworthy that social capital includes various forms of sub-social capital (e.g. political capital,
economic capital, cultural capital, moral capital, spiritual capital, religious capital, etc.).

To be on a sustainable development path, then, a nation must be living within its
means, which, in this context, means non- decreasing of its overall capital stock. The
proper measure of national income corresponding to this idea of SD is widely accepted to
be the amount that can be consumed without running the stock of capital down. An indicator of
SD, then, is a measure of SNI, defined here, as the level of national income, which can be
secured without decreasing the overall level of capital stock.

As the creation, control and conservation of manufactured capital create no problem, so
depending upon the nature or classification of capital, SNI can be categorized into:

(i) Ecologically Sustainable National Income (ESNI)
(i) Socially Sustainable National Income (SSNI)
(iii) Ecologically and Socially Sustainable National Income (ESSNI)

Following Hueting, Bosch and de Boer (1991), Lutz (1993), United Nations Handbook of
National Accounting (1993), United Nations IEEA (1993) and United Nations SEEA (1993), the
definitional equations of the foregoing three types of SNI can be stated in terms of equations

(5.5) - (5.7) on the assumption that government sector is non-existent:

ESNI = [NDP — D"] (5.5)
SSNI = [NDP - D*] (5.6)
ESSNI = [NDP — (D" + D%)] (5.7)
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where DS = Depreciation of Social Capital and D" = Depreciation of natural or ecological capital

But in the presence of government sector, the definitional equations of the foregoing three types
of SNI can be modified in terms of equations (5.8) - (5.10).

ESNI = [Yq— D] (5.8)
SSNI = [Yq4 - D°] (5.9)
ESSNI = [Y4— (D" + D9)] (5.10)

where Yq = Disposable NI = [NDP — Net Tax] = [NDP — (Tax — Transfer Payments)]

Noteworthy that GDP and NDP can be substituted with GNP and NNP respectively. Further, in
the absence of government sector, the definitional equations of ESNI, SSNI and ESSNI can be
modified through the incorporation of the following three elements: (i) Restorative Expenditure
(EN, (ii) Defensive or Aversive Expenditure (E*) and (iii) Overstatement due to Non-optimal Use
of Natural Resources (O") in terms of equations (5.11) - (5.13).

ESNI = [NDP — (D" + E" + E2 + O")] (5.11)
SSNI = [NDP — (D° + ET + E2 + O")] (5.12)
ESSNI = [NDP — (D" + D + E" + E2 + O")] (5.13)

But in the presence of government sector, the definitional equations of the foregoing three types
of SNI can be modified in terms of equations (5.14) - (5.16).

ESNI = [Y4— (D" + E" + E2 + O")] (5.14)
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SSNI =[Y4— (D° + E" + E2 + O")] (5.15)

ESSNI =[Yq—(D"+ D*+ E"+ E? + O")] (5.16)

5.8. Incorporation of SNI into Consumption or Saving Function

By any criterion, consumption plans of the people are determined by their net income and not by
their earned income. At the micro level, net income of an individual means total income earned
minus total deductions. But conventionally, at the macro level, net income implies NDP or Yq.
But in the context of sustainability, net income, at the macro level, implies SNI, not NDP or Y.
Hence, while conventional macro consumption function can be written as (i) C = C(Y) such that
C'(Y) = MPC > 0, where Y = NDP, and (ii) C = C(Yq) such that C'(Ys) = MPC > 0, the
sustainable macro consumption function can be represented by C = C(y) such that C'(y) = MPC
> 0, where y = SNI. By definition, S = [Y — C]. So the sustainable macro saving function can be
represented by S = S(y) such that S'(y) = MPS > 0, where y = SNI. The clear-cut distinction
between the conventional consumption or saving function and the sustainable consumption or
saving function is inevitable, because the latter will be incorporated into the next sub-section
(5.9). The distinction between the conventional consumption or saving function and the
sustainable consumption or saving function will be amply clear from Figure 5.1. and Figure 5.2.
In Figure 5.1, three consumption functions are existent, such as, C(Y), C(Yq) and C(y).
The C = C(Y) function is called conventional consumption function when government sector is
non-existent. The C = C(Yq) = C(Y — T) function is also called conventional consumption
function when government sector is existent. But C = C(Y — T — D) = C(Yq — D) = C(y) function
is called sustainable consumption function when government sector, natural sector and social
sector are existent, where D = (D" + D®). Similarly, in Figure 5.2, the S = S(Y) function is called
conventional saving function when government sector is non-existent. The S = S(Y — T) = S(Yq)
function is also called conventional saving function when government sector is existent. But S =
S(Y —T — D) = S(Yqa — D) = S(y) function is called sustainable saving function when government
sector, natural sector and social sector are existent. Thus, as Y is substituted successively with Yq
and y in the C(...) and S(...) functions, these functions shift successively in the downward

direction. This means that with such substitution, both C and S fall consecutively. In
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consequence, sustainable consumption and saving will be lower than conventional consumption

and saving.

Figure 5.1: Conventional vis-a-vis Sustainable Consumption Function
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Figure 5.2: Conventional vis-a-vis Sustainable Saving Function
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5.9. Contextual Reconstruction of Equilibrium Equations of Two Models of
HK by (i) Incorporating Relevant Macroeconomic, Macroecological,
Macrosocial and/or Macrosub-Social Variables into Equilibrium Equations
and (ii) Maintaining the Consistency of the NI Accounting Method Suggested
by IEEA (1993) and SEEA (1993) of UN

To satisfy the end of the thesis, context has been divided into three categories: (i) ecological
context, (ii) social context and (iii) ecological context coupled with social context.

But social context includes various sub-social contexts, such as, economic context,
political context, cultural context, philosophical context, religious context, moral context, ethical
context, spiritual context, familial context, gender context, etc.

Economics is a science of thinking in terms of ‘models’ joined to the art of choosing
models, which are relevant to the contemporary world (Keynes, 1938).
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The reconstruction of a model may be complete or partial. Complete reconstruction of a model
means the perfect substitution of a new model for an old one. But the partial reconstruction of a
model implies that some elements of the old model still constitute a part of the new model. The
partial reconstruction of a model “should not be a matter of tearing up roots, but of slowly
training a plant to grow in a different direction” (Keynes, 1933).

This thesis is a partial reconstruction of the two constituent models (Simple Keynesian
Model and IS-LM Keynesian Model) of HK with respect to the three contexts: (i) ecological
context, (ii) social context, and (iii) both ecological and social context for making a contribution
to MOS.

Model is characterized by its representative equations. The reconstruction of a model
means the reconstruction of its “representative equations”. The representative equations of
Simple Keynesian Model and IS-LM Keynesian Model are indicated by their respective
“equilibrium equations”.

Hence, the reconstruction of HK for sustainability implies the reconstruction of the
equilibrium equations of the foregoing two models for sustainability.

The reconstruction of the equilibrium equations of each Keynesian model requires the
“rational reconstitution” of the composition of the “equilibrium equations” through the
incorporation of contextually relevant macroeconomic, macroecological, macrosocial and/or
macrosub-social variables into those equilibrium equations and by maintaining the consistency
of the national income accounting method suggested by United Nations IEEA (1993) and SEEA
(1993).

If it is true that philosophers have only interpreted the world differently, whereas what matters is
to change it, then it is also true that moral philosophers have only interpreted nature in different
ways, whereas what matters is to sustain it.

From a phenomenological perspective, the sustainability crisis consists in the fact that human
beings consume nature without being aware of the fact that they constitute it.

------- George Heffernan (2010)
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6. Reconstruction of Simple Keynesian Models for Sustainability

The necessary means of reconstruction of the two constituent models of HK for sustainability
have been indicated by section 5.9 in chapter 5. The reconstruction of SKM means the
reconstruction of its “representative equations”, which are shown by its “equilibrium equations”.
They have been shown in Table 3.1. These equilibrium equations can be reconstructed into the

equilibrium equations of the following three new sets of models.

(1) Set of Ecologically Sustainable Simple Keynesian Models (Table 6.1)

(2) Set of Socially Sustainable Simple Keynesian Models (Table 6.2)

(3) Set of Ecologically and Socially Sustainable Simple Keynesian Models (Table 6.3)

Table 6.1: Equilibrium Equations of Ecologically Sustainable Simple
Keynesian Models

Nature of Economy Saving-Investment Income-Expenditure
Approach Approach
Two-Sector Closed S(y®)+Dn=1Im+|" Y=C({y®)+Im+I"
Economy (6.1a) (6.1b)
Three-Sector Closed SY®)+D"+T=I"+1" | Y=C{y®)+I"+1"+G
Economy +G (6.2a) (6.2b)
Four-Sector Open SY®$)+D"+T+M=1" | Y=CHy*)+I™"+1"+G +
Economy +1"+ G+ X (X-M) (6.3b)
(6.3a)
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Table 6.2: Equilibrium Equations of Socially Sustainable Simple Keynesian

Models
Nature of Economy Saving-Investment Income-Expenditure
Approach Approach

Two-Sector Closed S(y$)+Ds=1"+1I° Y=CyS)+I1m+1I°
Economy

(6.4a) (6.4b)
Three-Sector Closed SY$)+DS+T=1"+18+ [ Y=CHy®)+IM+I°5+G
Economy G (6.5a) (6.5b)
Four-Sector Open SY$)+DS+T+M=1"+ [ Y=CH®)+I"+I5+G+
Economy F+G+X (6.6a) | (X-M) (6.6b)

Table 6.3: Equilibrium Equations of Ecologically and Socially Sustainable
Simple Keynesian Models

Nature of Economy Saving-Investment Income-Expenditure
Approach Approach
Two-Sector Closed S(ye)+D"+DsS= 1"+ Y=CH*)+ 1M+ "+ |°
Economy "+ 1° (6.7a) (6.7b)
Three-Sector Closed SYs)+D"+DS+T=1"|Y=C(y*)+ 1"+ I"+ I’
Economy +I"+ 15 +G +G (6.8b)
(6.8a)
Four-Sector Open S(Ye)+D"+DS+T+M | Y=C(y*)+ 1M+ 1"+ I’
Economy =M+ 1"+ 5+ G+ X +G+ (X-M)
(6.92a) (6.9b)

The notions of the notations used in Table 6.1, Table 6.2 and Table 6.3 are as follows:

C(y*) = Ecologically sustainable consumption function

C(y*) = Socially sustainable consumption function

C(y®*) = Ecologically and socially sustainable consumption function
D™ = Depreciation, depletion or degradation of manufactured capital

D" = Depreciation, depletion or degradation of natural/ecological capital

Ds=Depreciation, depletion or degradation of social capital
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G = Government expenditure

G =[Gc+Gi] =[Gc + (Gi" + GIM)]

Gc = Government consumption expenditure

Gi = Government investment expenditure

Gi" = Government investment in natural capital

Gi™ = Government investment in manufactured capital

GDP = Gross domestic product

I™ = Private investment in manufactured capital

I" = Private investment in natural capital

IS = Private investment in social capital

M = Import

NDP = Net domestic product

NI = National income

S(y®) = Ecologically sustainable saving function

S(y*) = Socially sustainable saving function

S(y®*) = Ecologically and socially sustainable saving function

T = Net tax = (Tax — Transfer payments)

X = Export

Y =NI =NDP = (GDP - D™)

Yq= Disposable NI = (Y - T)

y®=Ecologically sustainable NI = (Y — D")[when government sector is non-existent] = (Yq -
D"[ when government sector is existent]

y*s = Socially sustainable NI = (Y — D%)[when government sector is non-existent] = (Yq¢— D9)[
when government sector is existent]

y®s=Ecologically and socially sustainable NI = [Y — (D" + D%)][when government sector is non-
existent] = [Yq- (D" + D)][ when government sector is existent]

The foregoing nine different equilibrium equations given by equations (6.1a) — (6.9a) or (6.1b) —
(6.9b) embedded in the three tables (Table 6.1, Table 6.2, and Table 6.3) imply nine different
variants of sustainable SKM. But deliberately bypassing other eight equilibrium equations, only

one equilibrium equation indicated by (6.7a) or (6.7b) in Table 6.3 will be considered in order to
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determine the equilibrium of ecologically and socially sustainable SKM for two-sector closed

economy.

6.1. Determination of Equilibrium in Sustainable Simple Keynesian Model for
Two-Sector Closed Economy

If the methodology for the mathematical and diagrammatical representation of the determination
of equilibrium can be disclosed in terms of any one model of the foregoing three sets of
sustainable SKMs, then such methodology can easily be applied to the remaining sustainable
SKMs.

In order to realize the “ecologically social sustainability” or “ecologically sustainable
social stability”, the Ecologically and Socially Sustainable Simple Keynesian Model for Two-
Sector Closed Economy, which has been indicated by equation (6.7a) or (6.7b), will be extracted
from Table 6.3.

The Saving-Investment Approach is preferred to the Income-Expenditure Approach that is
why only the equation (6.7a) will be taken from Table 6.3. The sustainable equilibrium equation

(6.7a) can be rewritten as equation (6.10).

[S*) + (D" + D =[I" + (1" + I¥)] (6.10)

Equation (6.10) can be transformed into its “reduced form” given by equation (6.11) on the basis
of the assumptions that (i) y = y**, (ii) D = (D" + D), (iii) P = 1M and (iv) N = (1" + I°).

S(y)+D=P+N (6.11)
The sustainable equilibrium equation (6.11) may assume “more explicit forms” indicated by
equations (6.12) — (6.19) depending upon whether the variables D, P and N are autonomous or

induced, because S = [Sa + S(y)] function is always induced.

[Sa+ S(y)] + Da=Pa+ Na (6.12)
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[Sa + S(y)] + Da=[Pa+ P(Y)] + Na (6.13)

[Sa + S(y)] + Da = Pa + [Na + N(Y)] (6.14)
[Sa + S(y)] + Da = [Pa + P(Y)] + [Na + N(Y)] (6.15)
[Sa+S(¥)] + [Da+ D(Y)] = Pa+ Na (6.16)
[Sa + S(¥)] + [Da + D(Y)] = [Pa + P(Y)] + Na (6.17)
[Sa + S(y)] + [Da + D(Y)] = Pa+ [Na + N(Y)] (6.18)
[Sa + S(y)] + [Da + D(Y)] = [Pa + P(Y)] + [Na + N(Y)] (6.19)

where a = autonomous part and i(j) = induced part of the i function given by i = ia + i(j).

Now, we will proceed with only equation (6.12) deliberately bypassing other equations (6.13) —
(6.19). By substitution of the “most explicit form” of S(y) function: [- Sa + sy] for the “more
explicit form” of S(y) function: [- Sa + S(y)] in equation (6.12), we get equation (6.20).

[' Sa + Sy] + Da = Pa + Na or, [' Sa + S(Y — Da)] + Da = Pa + Na (620)

Rearranging equation (6.20), we get the ecologically and socially sustainable equilibrium NI
(Yess) by equation (6.21).

Yess = (Pa + Sa)/s + Na/s — Da(l— S)/S (621)
In equation (6.21), if we put P = Pa = la =1 and N = Na = 0, then Yess can be given by equation
(6.22).

Yess = [(Ia + Sa)/S] - [Da(l— S)/S] (622)
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Further, in equation (6.22), if we put D = Da = 0, we get the conventional equilibrium NI (Yc) by
equation (6.23).

Yc = [(Ia + Sa)/S] (623)

Comparing equation (6.22) and equation (6.23), we get the inequality (6.24).

Yess < Ye (6.24)

as [Da(1-s)/s] > 0 due to the assumption that 0 <s <1 and Da > 0.

The results of the three equations given by (6.22), (6.23) and (6.24) have been shown in Figure
6.1.

But if N = Na > 0, then the three possibilities may occur:

(|) Yess < Yc
(||) ess = Yc
(i) Yess> Yo

These three possibilities depend on the amount of N = Na. The greater the amount of N = Na, the
greater is the possibility of Yess (i) to approach to Yc, or (ii) to exceed Yc. Such phenomena have
been shown in Figure 6.1.

The same or similar result can be obtained from the remaining equations given by (6.13)
—(6.19) and the remaining equations in Table 6.1, Table 6.2 and Table 6.3.
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Figure 6.1: Determination of Equilibrium in Sustainable Simple Keynesian
Model
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7. Reconstruction of Simple I1S-LM Keynesian Models
for Sustainability

The conventional simple IS-LM Keynesian model for the two-sector closed economy can be

represented in terms of two equations (7.1) and (7.2).

S(Y) = 1 (r) = Conventional Simple IS Curve (ISc) (7.1)
Ma" = L(Y, r, P2"), = LM Curve (LM), (7.2)

The conventional generalized IS-LM Keynesian model has been deliberately bypassed in order

to avoid complication.

7.1. Construction of Sustainable Simple IS Curves

The equations of conventional simple IS curves displayed in Table 4.1 can be reconstructed into

the equations of the three new sets of sustainable simple IS curves as follows:

(1) Set of Ecologically Sustainable Simple IS Curves (Table 7.1).

(2) Set of Socially Sustainable Simple IS Curves (Table 7.2).

(3) Set of Ecologically and Socially Sustainable Simple IS Curves (Table 7.3).

The reconstructions of the conventional simple IS curves have been executed through the

incorporation of newly relevant macroeconomic, macroecological, macrosocial and/or macrosub-

social variables into the equations of conventional simple IS curves shown in Table 4.1.
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Table 7.1: Equations of Ecologically Sustainable Simple IS Curves

Nature of the Economy Equations of Ecologically Sustainable
Simple IS Curve
Two-Sector Closed Economy S(y®)+D"=1M(r) + I (7.3)
Three-Sector Closed Economy SY®)+D"+T=I"r)+1"+G
(7.4)
Four-Sector Open Economy SY®)+D"+T+M=1"r)+ 1"+ G +
X (7.5)

Table 7.2: Equations of Socially Sustainable Simple IS Curves

Nature of the Economy Equations of Socially Sustainable
Simple IS Curve
Two-Sector Closed Economy S(y$)+Ds=1M(r) + I’ (7.6)
Three-Sector Closed Economy SY$)+Ds+T=1I"r)+1°+G
(7.7)
Four-Sector Open Economy SY$) +DS+T+M=1I"r)+1P+G+ X
(7.8)

Table 7.3: Equations of Ecologically and Socially Sustainable Simple IS
Curves

Nature of the Economy Equations of Ecologically and Socially
Sustainable Simple IS Curve
Two-Sector Closed Economy S(e)+D"+DS=1M(r) + I"+ IS
(7.9)
Three-Sector Closed Economy S(Y)+D"+DS+T=1"N+1"+ 15+ G
(7.10)
Four-Sector Open Economy SY*)+D"+DS+T+M=1"(r) + 1" + I5 +
G+X (7.12)

The notions of the notations/variables used in Table 7.1, Table 7.2 and Table 7.3 are as follows:
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D™ = Depreciation, depletion or degradation of manufactured capital,
D" = Depreciation, depletion or degradation of natural capital

Ds= Depreciation, depletion or degradation of social capital

G = Government expenditure

G=[Gc+Gi] =[Gc+ (GIM+ G "+ G)]

Gc = Government consumption expenditure

Gi = Government investment expenditure

Gi™ = Government investment in manufactured capital

Gi" = Government investment in natural capital

G/® = Government investment in social capital

GDP = Gross domestic product

I™ = Private investment in manufactured capital

I" = Private investment in natural capital

IS = Private investment in social capital

M = Import

NDP = Net domestic product

NI = National income

r = Rate of interest

S(y®) = Ecologically sustainable saving function

S(y*) = Socially sustainable saving function

S(y®*) = Ecologically and socially sustainable saving function

T = Net tax = (Tax — Transfer payments)

X = Export

Y =NI = NDP = (GDP — D™)

Yq= Disposable NI = (Y - T)

y®=Ecologically sustainable NI = (Y — D")[when government sector is non-existent] = (Yd -
D™[ when government sector is existent]

ys=Socially sustainable NI = (Y — D)[when government sector is non-existent] = (Yq— D9%)[

when government sector is existent]
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y®s=Ecologically and socially sustainable NI = [Y — (D" + D%)][when government sector is non-

existent] = [Yq - (D" + D%)][ when government sector is existent]

7.2. Diagrammatic Derivation of Sustainable vis-a-vis Conventional Simple IS
Curve

The equations of Ecologically and Socially Sustainable Simple IS Curve for different economies
have been displayed by the equations (7.9), (7.10) and (7.11) in Table 7.3. But for the sake of
simplicity, only the equation of Ecologically and Socially Sustainable Simple IS Curve for the
Two-Sector Closed Economy will be considered. That is why equation (7.9) will be extracted
from Table 7.3. The equation (7.9) can be rewritten as an equation (7.12).

S(/) + [D" + D)= I"(r) + [I" + I (712)

On the basis of the following Simplifying Assumptions, equation (7.12) can be transformed into
the equation (7.13).

S(y) + Da = I(r) (7.13)

= Ecologically and Socially Sustainable Simple IS Curve (ISess)

Simplifying Assumptions

(1) S(Y) is the conventional saving function.

(2) I(r) is the conventional investment function.

(3) y is substituted for y***, that is, y = y**=[Y — (D" + D?)].

(4) S(y) is the ecologically and socially sustainable saving function.

(5) D consists of D" and D, that is, D = (D" + D®).

(6) P function is substituted for I™ function and N function is substituted for (I" + I°), that is, P =
IMand N = (1" + I°).
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(7) D function is autonomous, that is, D = Da.
B P=Il=I(r)and N =0.

Figure 7.1, which is self-explanatory, shows the derivation of both the conventional simple IS
curve (ISc) and the ecologically and socially sustainable simple IS curve (ISess) for making a
comparison between them. The intrinsic mechanism of Figure 7.1 indicates that ISess must lie
below the IS..

Figure 7.1: Simple IS Curve: Conventional vis-a-vis Sustainable
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7.3. Simple IS Curve: Conventional Vs. Sustainable: A Mathematical Analysis

The slope of the conventional simple IS curve (ISc) denoted by: [S(Y) = I(r)]

= (dr/dY)c = S'(Y)/I'(r) <0,

since S'(Y) >0, I'(r) <0, where ¢ = conventional

(7.14)

The slope of the ecologically and socially sustainable simple IS curve (ISess) denoted by: S(y) +

Da = I(r) (under the foregoing simplifying assumptions)

= (dr/dY)ess = S'(y)/1'(r) <0,

since S'(y) >0, I'(r) < 0, where ess = ecologically and socially sustainable

By definition, y = (Y — Da). So by its differentiation with respect to Y, we get:

dy/dY =1, ordy =dY

Further, by total differentiation of S(y) = S(Y — Da), we get:

S'(y)dy = S*(Y)dY

From equations (7.16) and (7.17), we get:

S'(y) =S'(Y)

Thus from equations (7.14) — (7.18), what we get is:

dr/dY)ess = [S'(Y)/1'(r)] = [S'()/1'(r)] = (dr/dY)c
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Equation (7.19) indicates that no difference exists between the slope of IS; and the slope of ISess.

Despite the validity of the equation (7.19), the following inequality (7.20) holds.

|ErY|ess < |ErY|c (7.20)

where |Ev|

= |(dr/r)/(dY/Y)]

= |(dr/dY)[/(r/Y)

= Absolute elasticity of r with respect to Y at a given r on the IS curve,

|Ervless = Absolute elasticity of r with respect to Y at a given r on the 1Sess curve

|Erv|c = Absolute elasticity of r with respect to Y at a given r on the IS curve

The inequality denoted by (7.20) implies that the 1Sess curve must lie below the IS¢ curve.

7.4. Equilibrium in 1S-LM Keynesian Model: Conventional Vs. Sustainable

If both IS¢ and 1Sess are brought together with the LM in Figure 7.2, it is amply clear that Yess <

Y and ress < re, Which occur because the 1Sess lies below the 1S..
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Figure 7.2: Equilibrium: Conventional Vs. Sustainable in IS-LM Keynesian

Model
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8. Reconstructed HK for Sustainability: Results and Roles

All theory depends on assumptions, which are not quite true. That is what makes it theory. The
art of successful theorizing is to make the inevitable simplifying assumptions in such a way that
the final results are not very sensitive. A crucial assumption is one, on which the conclusions do
depend sensitively, and it is important that crucial assumptions be reasonably realistic. When the
results of a theory seem to flow specifically from a special crucial assumption, then if the
assumption is dubious, the results are suspect (Solow, 1956).

8.1. Results of Reconstructed HK

The results, realized/derived from the reconstructed hydraulic Keynesianism for sustainability,

can be discussed in terms of the points indicated by (8.1.1) — (8.1.5).

8.1.1. Conventional Vs. Sustainable Equilibrium NI

From Figure 6.1 and Figure 7.2, it is evident that ecologically and socially sustainable
equilibrium NI (Yess) is less than the conventional equilibrium NI (Y¢), that is, symbolically, Yess <
Yc. While the proximate determinant of the inequality: Yess < Yc¢ is S(y), the remote one is D. The
paradoxical inequality: Yess < Yc implies that Yc shows upward bias. That is why Y. is treated as
superficial equilibrium NI, while Yess as real or true equilibrium NI. Further, both Yess and Yc
cannot guarantee that they are equal to the full employment equilibrium NI (Ys). Rather there is
every possibility that Yess < Yc < Ys. Given that P = Pa =1 =l and N = Na = 0, only the
difference between the S(Y) and the S(y) functions caused by D can generate the inequality: Yess
< Y. provided that the slope of the S(Y) or S(y) function is greater than that of P and N functions.
If P =[Pa+ P(Y)] and N = [Na+ N(Y)] are respectively substituted for P = Pa=1=1,and N =
Na = 0, then also the inequality: Yess < Yc holds.

8.1.2. Dual Stagnation
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If the macro production function is denoted by Y = F (L) such that F'(L) > 0 and F"(L) <O, the
income inequality: Yess < Yc < Yt can be translated into the employment inequality: Less < Lc < Ly,
which means that [true involuntary unemployment (Lt - Less)] = [{conventional involuntary
unemployment (Ls - Lc)} + {latent involuntary unemployment (L¢ - Less)}]. The gap: (Yc - Yess) or
(Lc - Less) measures the ecological and social cost inflicted to, or borne by the capitalist world, or
alternatively, this gap measures the cost of capitalism’s self-defeatism. Thus, the gap: (Y¢- Yess) Or
(Lt - Less) shows how the secular social stagnation measured by the gap: (Yr - Y¢) or (Lf - L¢) is
coupled with the secular ecological stagnation measured by the gap: (Yc -Yess) O (Lc - Less) in the
capitalist world. The coupling of the secular social stagnation with the secular ecological
stagnation gives rise to dual stagnation. Such dual stagnation can be reduced or ruled out by the
development of dual capitalism (social capitalism coupled with ecological capitalism) gradually
over a period of time. Theoretically, this dual stagnation can be reduced or ruled out if a new
ecologically and socially sustainable equilibrium condition: [S(y) = la = Pa] can be substituted
for the conventional one: [S(Y) = la = P4] in Figure 6.1, in which not only is Yess greater than Y,
but also Yess approximates to Yr. In Figure 6.1, this new ecologically and socially sustainable
equilibrium condition is denoted by Eness.

8.1.3. Policy Prescription via Multiplier Method

The relevance of Keynesian multiplier process after sixty years has been disclosed by Dalziel
(1996). Gnos and Rochon (2009) have pointed out that the multiplier is a central concept in
Keynesian and Post-Keynesian economics. It is largely what justifies activist full-employment
fiscal policy. Nallari and Mba (2010) emphasize the importance of multipliers in a globalized
world. Syed, Tahir and Sahibzada (2011) have measured the impact of Keynesian four sector
open economy multiplier model in the context of Pakistan’s economy and suggested to the

government how the size of multiplier could be increased.

In the conventional equilibrium equation of SKM for two-sector closed economy: S(Y) = I, if
S(Y) > I, which is the “chronic tendency throughout human history”, then according to Keynes

(1936), “economic instability” (which is one of the multiple sub-social instabilities) emerges. But
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in the equilibrium equation of ecologically and socially sustainable SKM for two-sector closed
economy: [S(y) + D = P + N], if [S(y) + D] > [P + N], then the coexistence of “social
instability” and “ecological instability” leads to the emergence of “ecologically unsustainable
social instability” or “ecologically social unsustainability”, which is renamed as simply

“unsustainability”.

Hence, the task of the policy scientists is to adopt such measures so that [P + N] can be raised
and/or [S(y) + D] can be reduced to fill the gap between [S(y) + D] and [P + N] in order to
realize/restore “ecologically social sustainability” or “ecologically sustainable social stability”,

which is renamed as simply “sustainability”.

For the operationalization of this stabilization policy, the adequate measures are the manipulation
of different Keynesian multipliers, which can be categorized into conventional multipliers and

sustainable multipliers. dY/dX = conventional X—multiplier and dy/dX = sustainable X-multiplier.

Further, both conventional multipliers and sustainable multipliers can also be classified into
dyadic multipliers, triadic multipliers, quadratic multipliers, etc.

If any two parameters of the equilibrium equation, which have the opposite or conflicting effects
on equilibrium NI (conventional or sustainable), are changed at equal or unequal rate and in the
same direction, then their combined effect on equilibrium NI is designated as dyadic multiplier.
Analogously, if three or four parameters of the equilibrium equation, which have conflicting
effects on equilibrium NI (conventional or sustainable), are changed in the same direction, their

combined effect on equilibrium NI is called triadic multiplier or quadratic multiplier.

The significance of the foregoing Keynesian multipliers is that they suggest the policy scientists
how to realize/restore “ecologically social sustainability” or “ecologically sustainable social
stability” through the manipulation or adjustment of different parameters of the equilibrium

equations simultaneously.

8.1.3.1. Examples of Conventional and Sustainable Multipliers in Sustainable
SKM for Two-Sector Closed Economy
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From equation (6.12), we get the different conventional and sustainable multipliers, which have

been encapsulated in equations (8.1) - (8.3).

dY/dDa = (S' = 1)/S' < 0 (8.1)
dy/dDa = dY/dSa = dy/dSa = — 1/S" < 0 (8.2)
dY/dPa = dy/dPa = dY/dNa = dy/dNa = 1/S" > 0 (8.3)

where0 < S'< 1.

(2) From equation (6.13), we get the different conventional and sustainable multipliers, which

have been encapsulated in equations (8.4) - (8.7).

dY/dDa = (S' = 1)/(S' — P") < 0 (8.4)
dy/dDa = (P* = 1)/(S' = P*) < 0 (8.5)
dY/dPa = dy/dPa = dY/dNa = dy/dNa = 1/(S' - P*) > 0 (8.6)
dY/dSa = dy/dSa = — 1/(S' = P*) < 0 (8.7)

where1>S'> P’

(3) From equation (6.19), we get the different conventional and sustainable multipliers, which

have been encapsulated in equations (8.8) - (8.13).

dY/dDa = (S'—1)/Z <0 (8.8)
dy/dDa = [(P"' + N') = 1]/Z < 0 (8.9)
dY/dP, = dY/dNa = 1/Z > 0 (8.10)
dy/dPa = dy/dNa = (1 - D')/Z >0 (8.11)
dY/dSa=—-1/Z<0 (8.12)
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dy/dSa=—(1-D")/Z<0 (8.13)

whereZ=[S'+D'(1-S)-(P'+N")] >0, as
S'<l,D'<land[S'"+D'(1-S)]> (P +N".

8.1.3.2. Examples of Conventional and Sustainable Multipliers in Sustainable
Simple I1S-LM Keynesian Model for Two-Sector Closed Economy

The equations of sustainable simple IS-LM Keynesian model for two-sector closed economy can
be written as equations (8.14) and (8.15).

[Sa + S(y)] + Da = [Pa + P(r)] + Na = ISs (814)
Ma" = L(Y, 1) = LM (8.15)
where ISs = Sustainable simple IS curve and 0 < S'(y) <1, P'(r) <0, L'(Y) >0,L'(r) <0.1

From equations (8.14) and (8.15), we get the different conventional and sustainable multipliers,
which have been represented by equations (8.16) - (8.19).

dY/dDa = L'(r) [S'(y) — 1J/A < 0 (8.16)
dy/dDa = — [L'(r) + P'(r) L'(Y)J/A < 0 (8.17)
dY/dNa = dy/dNa = dY/dPa = dy/dPa = L'(r)/A > 0 (8.18)
dY/dSa = dy/dSa = — L'(r)/A < 0 (8.19)

where the determinant A = [S'(y)L'(r) + P'(r)L'(Y)] <O.

8.1.3.3. Examples of Conventional and Sustainable Dyadic, Triadic and
Quadratic Multipliers in Sustainable HK for Two-Sector Closed Economy
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(1) From equation (6.12), we can get one conventional dyadic multiplier given by equation

(8.20) and one sustainable dyadic multiplier given by equation (8.21).

(dY/dDa + dY/dPs) = 1 (8.20)

(dy/dDa + dy/dP2) = 0 (8.21)

(2) From equations (8.14) and (8.15), we can get the conventional triadic and quadratic

multipliers given by equations (8.22) and (8.23) respectively and the sustainable quadratic

multiplier given by equation (8.24).

(dY/dDa + dY/dSa + dY/dP2) = [L*(r)}{S"(y) — 1}/4] < 0 (8.22)

where the determinant 4 = [S'(y)L'(r) + P'(r)L'(Y)] <O

(dY/dDa + dY/dSa + dY/dPa + dY/dNa)

= U+ {P'(NL(V){S'(y)L'(n}] >0 (8.23)

(dy/dDa + dy/dSa + dy/dPa + dy/dNa) = — L/[{S'(y) L'(nN}{P'(r) L'(Y)} + 1] <0
(8.24)

8.1.4. Growth: Conventional Vs. Sustainable

The growth, we are talking about, is the expansion of the overall size of the economy ... and of
the quantities of energy and material goods flowing through it (Heinberg, 2011a).

By definition, y = (Y — D). (8.25)

By differentiation of equation (8.25) with respect to t, we get equation (8.26).
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dy/dt = [dY/dt - dD/dt] (8.26)

If it is assumed that dD/dt = 0 in equation (8.26), we get equation (8.27).

[(dY/dt)/Y] = [(dy/dt)/Y] < [(dy/dt)ly] (8.27)

Equation (8.27) implies that the rate of change in sustainable equilibrium NI (y) exceeds that of
conventional equilibrium NI (Y). But if it is assumed that D = uY in equation (8.25), where u > 0,

and then by its differentiation with respect to t, we get equation (8.28).

[(dY/dt)/Y] = [(dy/dt)/y] = [(dD/dt)/D] (8.28)

Equation (8.28) implies that Y, y and D change at the same rate. This is the condition of steady
state rate of growth.

8.1.5. Reconstruction of Degrowth by the “Inequation of Sustainability”

Economic growth, as we have known it, is over and done with. The economic crisis that began in
2007-2008..... marks a permanent fundamental break from past decades — a period during which
most economists adopted the unrealistic view that perpetual economic growth is necessary and
also possible to achieve. There are now fundamental barriers to ongoing economic expansion,
and the world is colliding with those barriers (Heinberg, 2011a).

Degrowth simply means negative growth. It is different from zero growth, which means
stationary state of John Stuart Mill (1846). The stationary state is a non-growing, non-declining,
and it is synonymous with the “steady-state” of Herman Daly (1973) in ecological economics.
Steady-state refers to the condition of an economy with a constant level of consumption of
material and energy resources over time. According to Alejandro Nadal (2010, 2011), degrowth
refers to a reduction of production and consumption in physical terms through downscaling and
not through efficiency improvements. Degrowth is a smooth, voluntary and equitable
downscaling of production and consumption, which ensures “social sustainability” and

“ecological sustainability” locally as well as globally on the short and long term. Thus, degrowth
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is not limited to a technological dimension. Growth is not a cultural phenomenon or a feature of
a maniac mentality. It is the direct consequence of how capitalist economies operate. It is not
possible to have capitalism without growth. In the words of Richard Smith, “We either save

capitalism, or save ourselves, we cannot do both” (Nadal, 2010, 2011).

Following Joachim H. Spangenberg (2008), the concept of degrowth can be reconstructed on the

basis of the following seven notations and their notions:

(1) Y = Size of the economy = GDP

(2) dY = Change or growth of Y

(3) L = Number of employed persons

(4) L/Y = Labor-intensity of the economy
(5) Y/L = Per capita productivity

(6) y=(Y - D)=SNI and hence, Y = (y + D)

()b =(D"+ D)

The number of jobs can only increase, if the economy grows faster (or declines slower) than the
production per capita. In consequence, more workers are needed to do the job. Symbolically, this
condition can be written by the inequality given by (8.29).

d(Y/L) <dY < dL >0 = Conventional First Inequality (8.29)
The Conventional First Inequality can alternatively be written as (8.30).

d(y + D)/L < d(y + D) = Reconstructed First Inequality (8.30)

Now let us consider the following three new notations and their notions:
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(8) R = Use or consumption of resource
(9) R/Y = Resource intensity

(10) Y/R = Resource productivity of the economy

If (Y/R) grows faster or declines slower than the Y, the total consumption of resources decreases.
Symbolically, this condition can be written by the inequality given by (8.31), which can be

converted into an alternative inequality given by (8.32).

d(Y/R) >dY < dR <0 = Conventional Second Inequality (8.31)

d(y + D)/R > d(y + D) = Reconstructed Second Inequality (8.32)

Combining the two sets of inequalities given by [(8.29), (8.31)] and [(8.30), (8.32)], we get the
resulting set of inequalities given by [(8.33), (8.34)], which includes Conventional Inequation of
Sustainability (Spangenberg, Omann & Hinterberger, 2002) and Reconstructed Inequation of
Sustainability. Either of the Inequations of Sustainability is a minimum condition for a
potentially sustainable pattern of economic growth. Noteworthy that jobs, growth, and the
environment are reconciled, if either of the Inequations of Sustainability given by (8.33) and
(8.34) is valid:

d(Y/L) <dY < d(Y/R) « dR < 0 < dL = Conventional Inequation of Sustainability (8.33)

d(y + D)/L <d(y + D) < d(y + D)/R = Reconstructed Inequation of Sustainability (8.34)

If either of the foregoing two Inequations of Sustainability is fulfilled, growth may be
sustainable. If it is not, growth is definitely unsustainable. Either of the Inequations of
Sustainability clearly indicates that “social sustainability” defines a necessary minimum of

“economic growth”, while “ecological sustainability” defines an upper “threshold”. Thus,
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sustainable development has to be based on a balanced approach between social demands and
ecological limits. According to Peter Custers (2010), “The survival of humans and of other
species living on planet earth, in my view, can only be guaranteed via a timely transition towards
a ‘stationary state’, a world economy without growth”. That is why John Bellamy Foster wrote
an article, entitled, Degrow or Die? which was published in December-January 2011 issue of the

UK Journal Red Pepper.

Against the earlier degrowth discussion, it can be emphasized that the “dictum/doctrine of
degrowth” should be imposed only on the North, while the South should be allowed to “gain

from growth” so that “global growth-equity” can be maintained.

Victor (2010) has classified degrowth into: Green Degrowth and Black Degrowth on the basis of
the (i) trend in GDP and (ii) trend in GHG emissions as follows. Green degrowth indicates the
decline in both GDP and GHG emissions, while black degrowth implies decline in GDP, but

increase in GHG emissions-intensity is so fast that total emissions rise.

In The Meaning of Sustainability, Albert Bartlett (2012) has differentiated between the Dumb
Growth and the Smart Growth as well as their eventual consequences in terms of the following
lines:

Dumb growth destroys the environment.
Smart growth destroys the environment.
The difference is that smart growth
destroys the environment with good taste.

So it’s like buying a ticket on the TITANIC.
If you’re smart, you go first class.
If you’re dumb, you go steerage.
Either way the result is the same.
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8.2. Roles of Reconstructed HK

The newly introduced variables and/or functions in the reconstructed HK for sustainability can
be incorporated into different conventional macroeconomic models/theories for realizing the
different roles of the reconstructed HK for sustainability. The following examples may be

relevant.

8.2.1. Construction of Harrod-Domar Model of Sustainable Growth

The conventional Harrod (1939, 1948)-Domar (1957) growth model can be transformed into the
sustainable Harrod - Domar growth model in the following way. The conventional Harrod —
Domar growth model is based on the three equations given by (8.35) - (8.37).

S =S(Y) =9Y, (8.35)
where s =MPS = APS

| = [vdY/dt], (8.36)

where v = Capital-output ratio = (K/Y)

s(Y) =1, (8.37)

= Conventional equilibrium equation of the commodity market

Combining equations (8.35) - (8.37), we get equation (8.38):

[(dY/dt)/Y]e = ge = [s/V] (8.38)

= Rate of change in conventional equilibrium NI, where ¢ = conventional
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The conventional Harrod - Domar growth model can be transformed into a sustainable Harrod -

Domar growth model on the basis of the five equations indicated by (8.39) - (8.43).

S =S(y) =sy = s(Y - D), (8.39)

= Sustainable saving function, where s =MPS = APS

D=y, (8.40)

where u = (D/Y)

P = [pdY/dt], (8.41)

where p = (P/Y)

N = [ndY/dt], (8.42)

whereu>0,p>0,n=(N/Y)>0

[S() +D=P +N] (8.43)

= Sustainable equilibrium equation of SKM for two-sector closed economy

Combining equations (8.39) - (8.43), we get equation (8.44).

[(dY/dt)/Y]ess = gess = [S —-sD + U]/[p + n] (844)

= Rate of change in sustainable equilibrium NI.

If D=0=nandp =vinequation (8.44), we get equation (8.45).
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Gess = [(s/V) + (UV)], (8.45)

which means gess > gc

If u =0 in equation (8.45), we get equation (8.46).

Gess = ge = (S/V). (8.46)

8.2.2. Construction of Solow’s Model of Sustainable Growth

In conventional Solow’s (1956) model of growth, the condition of steady state rate of change in

conventional equilibrium NI (Y¢) is given by equation (8.47):

[sf(k) — gk] = 0, (8.47)

where s = [S(Y)/Y], f(K) = Y/L = AP, q = [(dL/dt)/L] and k = K/L

But if conventional saving function: S = S(Y) is substituted with sustainable saving function: S =
S(y) = sy = s(Y — D), the condition of steady state rate of change in ecologically and socially

sustainable equilibrium NI (Yess) is given by equation (8.48).

[{sf(k) — gk} — sD/L] = 0 or, [sf(k)\w —qgk] =0, (8.48)

where w = (1- u) and u = D/Y > 0.

Comparing equations (8.47) and (8.48), we get the inequality indicated by (8.49).

Ko > Kess (8.49)

The inequality indicated by (8.49) means that the conventional steady state equilibrium k (kc) is
greater than the ecologically and socially sustainable steady state equilibrium k (kess), which

involves upward bias. But if D = 0 in equation (8.48), we get equation (8.50).
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Kc = Kess (8.50)
Further, in Solow’s growth model, the ecologically and socially sustainable golden rule s is less
than the conventional golden rule s, because the condition of the conventional golden rule s is
given by equation (8.47), while the condition of the ecologically and socially sustainable golden
rule s is given by equation (8.48). Noteworthy that “golden rule s” is defined as that “steady state
equilibrium s” (say, s*), at which per capita consumption (C/L) is maximized, which is possible

if s*f(k) curve, which is concave to the horizontal axis, intersects the gk line, which is a

positively sloping straight line through the origin.

8.2.3. Construction of Swan’s Model of Sustainable Growth

The Swan’s (1956) conventional model of growth is based on the four equations given by (8.51)
- (8.54).

Y = KaLb (8.51)

= Macro production function, where (a+b) =1 = CRS

S=sY (8.52)

= Macro conventional saving function, where s =APS = MPS

L = Loe™ (8.53)

=> Macro labour supply function
dK/dt=1=S (8.54)

= Equilibrium equation of the commodity market for two sector closed economy.
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From equations (8.52) and (8.54), we get equation (8.55).

[(dK/dE)/K] = s(Y/K), (8.55)

which is called rate of change in capital (K). It is a positively sloping straight line through the

origin in a diagram where (Y/K) is measured along the horizontal axis. By differentiation of

equation (8.51) with respect to t, we get equation (8.56).

[(dY/dt)/Y] = [a (dK/dE)/K] + [b (dL/d)/L], (8.56)

which is called the rate of change in NI (Y).

By differentiation of equation (8.53) with respect to t, we get equation (8.57).

[(dL/dt)/L] = n, (8.57)

which is parallel to the horizontal axis, along which (Y/K) is measured. It is called the rate of

change in labour (L). Combining equations (8.55) - (8.57), we get equation (8.58).

[(dY/dt)/Y] = [as(Y/K) + bn], (8.58)

which is a positively sloping straight line with a positive vertical intercept amounting to bn. This
line is flatter than the [(dK/dt)/K] = s(Y/K) line indicated by equation (8.55).

In conventional Swan’s model of growth, the conventional steady state equilibrium is achieved
at that (Y/K), say (Y/K®), where the three functions indicated by equations (8.55), (8.57) and
(8.58) intersect simultaneously. At the conventional steady state equilibrium (Y/K), we get

equation (8.59).

[(dY/dt)/Y] = [(dK/dt)/K] = [(dL/dt)/L] = n, (8.59)
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since (a + b) = 1. This conventional steady state equilibrium is also stable.

Swan’s conventional model of growth can be transformed into the sustainable model of growth
by the substitution of “sustainable saving function” for “conventional saving function” ceteris
paribus. While the conventional saving function is given by equation (8.52), the sustainable

saving function is indicated by equation (8.60).

S=sy=s(Y-D) (8.60)

From equations (8.54) and (8.60), we get equation (8.61).

[(DK/dt)/K] = [sY/K — sD/K], (8.61)

which means that sustainable [(DK/dt)/K] function lies below the conventional [(DK/dt)/K]

function indicated by equation (8.55), since 0 < s < 1 and (D/K) > 0. Combining equations

(8.56), (8.57) and (8.61), we get equation (8.62).

[(dY/dt)/Y] = [{as(Y/K) + bn} — as(D/K)], (8.62)

which means that the sustainable [(DY/dt)/Y] function lies below the conventional [(DY/dt)/Y]

function indicated by equation (8.58), since 0 <s < 1,0 < a < 1 and (D/K) > 0. At steady state

equilibrium, we get equation (8.63).

[((DK/dt)/K] = [s(Y/K) — s(D/K)] = [(dL/dt)/L] = n (8.63)

Hence, from equations (8.62) and (8.63), we get equation (8.64).

[(dY/dt)/Y] = [{as(Y/K) + bn} — as(D/K)]

= a[s(Y/K) —s(D/K)] + bn
=(an +bn) =n(a+b) =n, (8.64)
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since (a + b) = 1.

The sustainable steady state equilibrium is achieved at that (Y/K), say (Y/K®), where the three
functions indicated by equations (8.57), (8.61) and (8.62) intersect simultaneously. Hence, the
sustainable steady state equilibrium (Y/K) must be greater than the conventional steady state

equilibrium (Y/K), which is shown by the inequality (8.65).

(YIKS) > (Y/KE) (8.65)

Sincey = (Y — D), so Y = (y + D). In consequence, (Y/K) = [(y/K) + (D/K)]. Thus, we get the
inequality indicated by (8.66) as (D/K) > 0

(V/K) < (YIK) (8.66)

The inequality given by (8.66) implies that sustainable NI produced by one unit of capital is less

than the conventional NI produced by one unit of capital.

8.2.4. Construction of Global Hydraulic Keynesianism by Analogy of Kohler
(1999)

The unreconstructed HK is confined to “nation states”. That is why it may be renamed as
“unreconstructed national HK”. But “contextually reconstructed HK” can be applied to the

“global level” also to give rise to “Contextually Reconstructed Global HK” by analogy of
Kohler’s (1999) Global Keynesianism.

8.2.5. Reconstruction of Simple Keynesian Model for Sustainability by
Analogy of Harris (2008/2009, 2013)

By analogy of Harris (2008/2009, 2013), Simple Keynesian Model of HK can be remodeled to

realize “some dimensions of sustainability” through the decomposition of conventional
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macroeconomic variables: C, I, G, etc., and thereby transforming the “conventional equilibrium
equations” of Simple Keynesian Model. Harris’s (2013) reconstructed Simple Keynesian Model
explores the possibilities for “Green Keynesianism” in theory and practice, and suggests that
“Green Keynesianism” offers a solution to both “economic stagnation” and “global

environmental threats”.

8.2.6. Securing Sub-Social Sustainability

HK can also be used to realize various variants of “sub-social sustainability”. To do this, the only
precondition is the “rational reconstitutions” of “conventional equilibrium equations” of HK by
the incorporation of relevant macrosubsocial variables into such equilibrium equations and by
maintaining/keeping the consistency of the national income accounting method suggested by
IEEA (1993) and SEEA (1993) of UN.

Living within our planet’s natural boundaries is essential, but taking into consideration social
boundaries, such as, access to fresh water, education, health care, and other basic needs is as
important. Between the social foundation of human rights and the environmental ceiling of
planetary boundaries lies a space that is both environmentally safe and socially just, and we must
work to move in to that space.

----World Watch Institute’s State of the World 2013
(http://www.worldwatch.orq)

115


http://www.worldwatch.org/

9. Concluding Comments

Conclusion is claimed to be true, whenever all of the assumptions are true. In other words, the
conclusion is true, whenever one accepts the assumptions as true. In one sense, it can be claimed
that the conjunction of the assumptions forms a justification of truth of the conclusive statement.
But the justification is conditional on the actual truth of the assumptions. Thus such a
justification is always open to question. If one accepts all the assumptions as true, then one
cannot at the same time accept statements, which contradict any valid conclusion based on those
assumptions (Boland, 1994).

“When states of knowledge are of the essence, it is best to acknowledge the reality by clearly and

consistently theorizing about the consequences of partial ignorance” (Fitzgibbons, 2000).

A famous Bengali writer, Lila Majumdar, said, “An animal can be lifted from the forest, but the
forest cannot be lifted from the mind of that animal”. By analogy, it can be stated that an
economics practitioner can be lifted from HK, but HK cannot be lifted from the mind of that
economics practitioner. Even if HK is radically rejected, “X Keynesianism” will be substituted
for HK.

There is no end of proliferation of criticism against HK about its adequacy for tackling
the economic and non-economic problems. This means that HK is inadequate to tackle the
problems of economic and extra-economic instabilities. The answer to such an allegation is that
HK is not inadequate, rather it is used or applied inadequately.

HK can be likened to language, which, in turn, can be likened to dress. Variation of dress
is needed to suit the occasion. For example, one does not appear at a friend’s silver wedding
anniversary in gardening clothes, nor does one punting on the river in a dinner-jacket. As
variation of dress becomes necessary to suit the occasion, similarly variation in the “composition
of equilibrium equations” of the constituent models of HK becomes inevitable to suit the context.
That is why the significance of the nomenclature of the title of this thesis is justified.

Mesarovic (1982) emphasizes that the objective of the models of sustainability should be
to “separate the realm of possible paths into the future from the realm of impossible ones”.
According to Costanza, et al. (1993), “models are analogous to maps...they have many possible

purposes and uses, and no one map or model is right for the entire range of uses”. Against the
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remark of Costanza, et al. (1993), it is worthy to recall what Strawson (1959) said: “We do not
use a different scheme, a different framework, on each occasion. It is the essence of the matter
that we use the same framework on different occasions”. Thus, following Strawson (1959), it can
be argued that through the incorporation of the relevant macro variables (e.g. macroeconomic,
macroecological, macrosocial or macrosub-social variables) into the “equilibrium equations” of
HK, it can easily be reconstructed to fit the contemporary context.

However, it can be admitted that the contextually reconstructed HK is not free from
limitations. The most important limitation of it is that up till now, no adequate, appropriate or
apposite method or measure has been discovered to execute the valuation of the new macro
variables (e.g. natural capital, social capital, various sub-social capitals, human capital, etc.),
which have been incorporated into the “equilibrium equations” of hydraulic Keynesian models.

Thinking about a sustainable world is pointless, unless an adequate, appropriate or
apposite “way”’ can be discovered to get there. The nature of sustainable world can be imagined
easily, but whether and how human population can continue to survive indefinitely on this “tiny
little islet of life amid the boundless ocean of lifelessness” (Rebrov, 1989) without threatening
the survival of all other biological populations, may not be so easy. The reasons lie in the
remarks of the following three authors:

(1) Baba Dioum stated that “In the end, we conserve only what we love. We will love only what
we understand. We will understand only what we are taught” (Cunningham & Cunningham,
2009).

(2) Mollie Beatty pointed out that “What a country chooses to save is what a country chooses to
say about itself” (Cunningham & Cunningham, 2009).

(3) Lynn Lands asserted that “We are living in a false economy, where the price of goods and
services does not include the cost of waste and pollution” (Cunningham & Cunningham, 2009).

That is why Wangari Meathai, the Nobel laureate in Peace in 2004, argued: “Today we
are faced with a challenge that calls for a shift in our thinking, so that humanity stops threatening
its life-support system” (Cunningham & Cunningham, 2009). But historical evidence reveals that

neither ecological system nor social system can continue forever.

Can life possibly be sustained on forever? Given our limited knowledge, we cannot conceive of

being able to sustain life on earth without a continuing inflow of “solar energy”. Thus, solar-
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based systems of production represent the current limit to our thinking with respect to means of
ensuring sustainability. Perhaps the “post-solar phase” will be spiritual, rather than physical in
nature. If this is so, this may explain why spirituality is coming into discussions of “physical
sustainability” to prepare humanity for “post-solar sustainability” (Ikerd, 1997).

Sustainability is neither a macroeconomic issue, nor a nature-conservation issue. Rather
sustainability synchronizes and harmonizes social process and ecological process. An adequate
model of sustainability cannot be built on the existing understanding of society and nature.
Humans have also created what can be described as “second nature”, that is, the human-made
material world, which by size and importance, has become comparable to the global natural
world. It not only acts as a buffer between humans and nature, but has also become the main
objective of human development. Following its own developmental logic and laws, this “second
nature” ironically is now threatening the planet’s nature.

In an article Economic Strategies for Sustainability, what Wayne Hayes (2005) speaks of

sustainability is as follows:

Sustainability must not be confounded with parochialism, isolationism, or xenophobia.
Sustainability demands a cosmopolitan outlook, negotiating and integrating levels of social
organization ranging from the local through the regional and the national into the global order of
things. Sustainability, like ecology, thrives on diversity. Indeed, sustainability presents a
daunting conceptual challenge that must be worked out in practice, not given to pre-ordained or
ideologically driven preconceptions. The practice of sustainability presumes an illuminating
public discourse built on a vibrant civic culture, from your neighborhood to the global village we
all share. The level of human development evoked by sustainability poses an imposing challenge
of societal evolution that can only be conceived in intergenerational context although we don’t
know how much time we have available until catastrophe (profwork.org/eee/ess).

The heuristic, theoretical and practical value of this thesis can be described in terms of the

following two remarks:
(1) “You don’t see those, who stand in the dark”.
----Bertolt Brecht and Kurt Julian Weil (1928) in The Three Penny Opera
(2) “But those, in the dark, could use some effective help from the presently living

intelligentsia”.
----Gernot Kohler (1999) in Global Keynesianism and Beyond
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Borrowing the relevant words from Keynes’s (1933) remark, as stated below, it is worthy to
admit that the completeness of this thesis has been executed “not by tearing up roots, but by
slowly training a plant like HK to grow in a different direction”.

It should not be a matter of tearing up roots, but of slowly training a plant to grow in
a different direction (Keynes, 1933).

Foster (2011) points out that “All of us here today along with countless others around the world
are currently engaged in the collective struggle to save the planet as a place of habitation for

humanity and innumerable other species”.
But, on 16 April 2013, World Watch Institute launched the latest edition of its Annual Flagship
Report State of the World 2013, in which fifty coauthors (Adamson, et al., 2013) devised and

devoted their articles to answer the critical question:

Is Sustainability Still Possible?
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CHAPTER ° _

1.1. Origin and Meaning of Substitution

The concept of “substitution" was introduced by the Greek scientist
Archimedes (287-212 B.C) of Syracuse in his On the Sphere and
Cylinder. It is a work published by Archimedes in two volumes in 225
BC. Archimedes wrote: “Further of unequal lines, unequal surfaces,
and unequal solids, the greater exceeds the less by such a magnitude
as, when added to itself, can be made to exceed any assigned
magnitude among those, which are comparable with (it and with) one
another" (Heath, 1897, p.4). The signification of substitution can be
understood from the “law of substitution of similars” and the “axiom of
substitution”. The “law of substitution of similars” was applied in his
economic theory as the "law of indifference” by Wicksteed (Robertson,
1951, p. 243). But the “axiom of substitution” can be defined from the
economist's intuitive point of view - “Given a particular quantity of
some commmodity of which a person is desirous, it is always possible to
find some quantity of other commodities sufficiently great to
compensate him for loss of part of his consumption of the given
commodity” (Chipman, 1960, p. 194). Stigler (1966, pp.25-26)
emphasizes that “there is no simple 'technical' measure of
substitution: not only is it difficult to compare heterogeneous things
(Is radio a better substitute for television than for a theatre or a
newspaper?), but substitutability varies with circumstances (a tractor
Isasubstitute for a horseto a farmer, lesssoto a riding academy)”.

Ihe process of substitution can be likened to the (i) operation of a
scissor, (Il) process of exchange and (iii) process of chemical reaction. In
the first case, both the blades of a scissor function simultaneously in
any operation. In the second case, both the sale and purchase of any
commodity are subject to synchronization. And in the third case, both

1
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the oxidation and reduction occur simultaneously during the process
of a chemical reaction. Thus substitution is process/phenomenon, in
which both the inclusion/addition of something and the
exclusion/subtraction of another thing occur simultaneously.

Substitution between any two variables L and K is of two types: (i)
substitution of L for K, which can be symbolized by S and (i)
substitution of K for L, which can be denoted by S,.. Inthe case of S, Lis
injected, included or added, while K is ejected, excluded or ousted
simultaneously. But in the case of S, Kis injected, included or added,
while L is ejected, excluded or ousted simulta neously.

The concept of “substitution” is associated with the concept of “iso-z-
function” (I1ZF) denoted by Z=Z (L, K), where Z is a parameter and L and
K are two variables. Along a given IZF, S, 0r S, is possible, if and only if
the algebraic slope of the IZF is negative (i.e. dK/dL<0) irrespective of
the curvature of the IZF (i.e. d*K/dL® % 0), provided that A’K/dL? # oo,
Along a given IZF, which is negatively sloping, S, implies that an
increase in L must be accompanied by a decrease in K in order to
maintain the “isoness” of the IZF: Z=Z(L, K). Further, S, refers to the
synchronization of an increase in K and a decrease in L for keeping
intact the parametricvalue of Zalong a given IZF.

1.2. Origin and Meaning of Iso-Z-Function

The concept of “iso-z-funtion” (IZF) was introduced into economics in
the name of “isoperimetric problem” by the Italian mathematician
Paolo Frisi (1728-1784 AD), the editor of the book Meditazioni sulla
economia polotica (1772), written by Pietro Verri (1728-1797
AD)[Robertson, 1949].

Though IZF is a multivariate function, yet the present analysis will be
confined only to bi-variate IZF, which can be represented by Z=Z(L,K),
where Z is a parameter, but L and K are two variables. The
nomenclature of IZF is determined by the name of the parameter 4
For example, if Z successively stands for utility, output, cost, revenue
and profit, we get isoutility function, isocost function, isorevenue
function and isoprofit function respectively.
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The I2F Z=Z(L.K) is defined as the locus of various combinations of L
and K, which shows the "isoness” of the parametric value of Z. The IZF
for £, denoted by Z, =Z(L,K) can be rewritten as K=K(L, Z,). For
different parametric values of Z,say, 2,2, Z........Z,,, the "iso-z-map" (I1ZM)
cun be shown interms of Figurel.

Figure I: Linear Iso-Z-Map

Zs=Z (L, K)or K=K (L, Zs)

Z:=Z(LKlorK=K(L Z)

Z=Z (LK) or K=K (L, Z)

- d

(a) dK/dL<0and &°K/dL*>0 => convexity of IZF.
() el <0 and °K/dL? <0 => concavity of IZF.
DAL <0 and d'K/dL’=0 = egatively sloping linearity of IZF.

(o) /AL <0 anvd d' K/ L= co=> L-shaped IZF.

These four IZF, are shownin Figure 2.
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1.3. Origin and Meaning of Elasticity of Substitution (ES)

The word “elasticity” is alien to economics. It has been imported form
physics. Conflicting views about the introduction of “elasticity” into
economics persist.

The generally acceptable impression is that elasticity was introduced
into economics in terms of Marshall's elasticity of demand. According
to Stigler (1955), “Marshall was the first man to write about elasticity of
demand = - (dq/dp. p/q)". Allen (1938/1979, p. 251) points out that “No
established notation for elasticity isin current use”.

If Marshall's “price elasticity of demand" is denoted by Eg. (sign
ignored) for the demand function P=P(D) such that P'(D)<0, then we

get:

E..=(dD/D)/(dP/P)

=(dD/dP)/(D/P)

= (marginal demand)/ (average demand)

= (P/D)/(dP/dD) y

= (average demand price) / (marginal demand price)

4 _ Nature and Role of Substitution in Microeconomics
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I the sarly 19308, Hicks (1932) and Robinson (1933), all about
simultansously and independently of one another and of their
forerunners, struck out what came to be known as ES. Though they
watked Independently, they arrived at an identical result in the sense
that by a curlous coincidence Hick's ES (HES) was exactly the same as
Hobinson's ES (RES).

If the Isoguant (/IQ) for Z, level of output is denoted by Z,=Z (L, K) or
KeK(L, Z,), where Land Karetwo inputsand Zas a parameter stands for
the level of output produced by the firm, then HES and RES can be
denoted by the common notation, which can be defined as follows:

as (rate of change in input-ratio) / (rate of change in marginal physical
product-ratio ofinputs).

ES (o) is of two types: (i) o,.and (i) o,, where o,=ESoflforKando,, =
ES of K for L. If k= (K/L), | = (L/K) = (/k), m = (MP/MP,) = (Z,/Z), n =
(MP/MP,) = (Z,/ Z,) = (I/m), MP,= marginal physical product of L and
MP, = marginal physical product of K, then

(o, (along agiven Q)
(ke /k)/([dm/m)
(clk /ddm)/(k/m)
(marginal k) / (average k)
(m/k)/(dm/dk)
* (average m)/(marginalm)
(i) o, (alongagiven IQ)
(dl/)/(dn/n) .
(dl/dn)/(l/n)
" (marginal )/ (average /)
(n/Wcin /dl)

(average n)/(marginal n)

1.4, Orlgin and Meaning of Substitution Curve (SC)

'he concept of SC was introduced by Lerner (1933). By analogy of
Marshall's dermand curve, denoted by P = P(D) such that P(D) < 0 or its
Inverse O = D(P)such that D'(P) < 0, Lerner devised the SCfrom a given
Q. As Marshall's demand curve (MDC) shows the functional
relationship between the price (P) and demand (D), similarly the SC
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shows that between m (= MP,/MP,) or n (= MP,/MP,) and k (= K/L) or I (=
L/K) given the IQ. Further, as MDC can symbolically be represented by
P = P(D)or its inverse D = D (P), similarly SC can be given by m = m(l) or
its inverse | = I{m) given the IQ. The SC is the mapping of IQ from the
input-space (LK-space) into the relative input-relative marginal
physical product-space (Im-space). According to Lerner (1933), m isthe
substitutability of L for K, while n is the substitutability of K for L along
the same IQ. Following Lerner (1933), the relationship among the /IQ,
SC,and ES can be shown interms of Figures 3and Figure 4.

Figure 3:Isoquants of Varied Degrees of Curvature

L3

K

Z;

Z;

0 ' d

my(a=10) m; (o =0)

(6 ==)

(0] /
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The 5C denoted by m, in Figure 4 is the mapping of IQ denoted by Z,in
the Figure 3 from LK-space into Im-space, Lerner (1933) points out that
ES s inversely related to the curvature of the 1Q (= d°K / dL?), which is
teflected In the shape and curvature of SC [i.e. m'(l) and m"(l)]. He
feimarks that £5 could be read off in the same way that the elasticity of
demand is read off a demand curve and the elasticity of such a curve
(56) will glve us the ES. The analogy between SC and MDC can be
encapsulated in Table 1. Needles to say, various types of SC or “similar
curves” were developed later on by the economists like Kahn (1933),
Swoeezy (1933), Kennedy (1962), Matyas (1980), et al. But no vital
difference is found among Lerner's (1933) SC, Kennedy's (1962) SC and
Matyas's (1980) “capital intensity function”.

Table 1: Similarity between Marshall's Demand Curve and Lerner's SC

Marshallian Demand Curve (MDC) ~ Lerner'ssc |
5 m = MP/MP, = ~ B
substitutability of L for K.

i w (dermand) mwom |

| = L/K = substitution or
substitutability.

3 = quantity demanded

B w PD)=>Marshall's demand .3 =m(l) = Lerner's

funection substitution function.

P /dD = slope of MDC dm /dl = slope of SC.

E. (Slgn ignored) = (dD/dP)/(D/P) E,, (signignored) = (dl /dm)/

“ marginal demand / average (I/m)= marginal substitution

demand = (P/D) /(dP/dD) = average /average substitution =(m /)

(Hemand) price / marginal (demand) / (dm/dl) = (average _

price substitutability of L for K) /
(marginal substitutability of L.
for K) = HES = RES=o.

Il » vlasticity of i with respect to j for the function i=i(; )

1.5, Origin and Meaning of Marginal Rate of Substitution (MRS)

Conventionally, It is received that the term MRS was used
chronologlcally by Hicks and Allen (1934), Allen (1938/1979) and Hicks
(1959), Such established notion is incorrect, because the concept of
MRS was congealed or concealed in both HES (1932) and RES (1933),
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where MRS was treated as the "marginal physical product-ratio of
inputs” thatis, MP,/MP, (= m)or MP,/MP, (=n).
In modern terminology, MRS is the absolute slope of the IZF such as 1Q,
indifference curve or the similar curves. Like ES, MRS is also of two
types: (i) MRS, and (ii) MRS,,. While MRS, is read as MRS of L for K,
MRS, isread as MRS of Kfor L.

So MRS, = |dK /dL| = MP/MP,=Z,/Z, = m and MRS,, = [dL/dK]| =
MP,/MP, = Z,/Z, = n, where the IQ is given by Z,= Z (L, K) or K=K (L, Z,)
and in the diagram of IQ map, L and K are measured along the
horizontal and vertical axes respectively.
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CHAPTER o

2.1. Surrogate “Substitution Curve” of Lerner (1933)

Lerner (1933) was the originator of the substitution curve. Sweezy (1933)
arrivesindependently ata similar curve obtained by a different process
for the special case when the factors are labour and time. Later on,
Kennedy (1962) also used the substitution curve as a tool of hisanalysis.
But Matyas's (1985) capital-intensity function isthe rehashed version of
Lerner's (1933) substitution curve. Analogously, it can be admitted that
the present concept of surrogate substitution curve is also the
rehashed version of Lerner's (1933) substitution curve or Matyas's (1985)
capital-intensity function, both of which showthe correlation between
theisoquant and the elasticity of substitution. The concept of isoquant
was invented by Wicksteed (1910), though the term isoquant was
coined by Frisch (1935), while the concept of elasticity of substitution
was invented by Hicks (1932). It was on the analogy of indifference
curve of consumption that Johnson (1913) constructed indifference
curve of production, which is renamed as isoquant. This article is a
tribute to Philip H. Wicksteed (1844-1927) for the introduction of the
concept of isoquant in the Common Sense of Political Economy (1910).
In praise of Wicksteed, Herbert Foxwell described him as a born
economist. Lerner derived the substitution curve (SC) from isogquant

(IQ).

The SC shows the geometric relationship between m (= MP,/MP,) and
I (= L/K) for a given IQ, where MP, = marginal product of L and MP, =
marginal product of K. It can be represented by the function m = m(l)
for a given IQ. The SC is the mapping of IQ from the input space (LK-
space) into the relative input - relative marginal product space (/m-
space). Following Lerner, the relationship among the /Q, SC, and
elasticity of substitution (ES), denoted by o, can be shown in terms of
figures 1and 2. The SC denoted by m, in figure 2 is the mapping of IQ

Nature and Role of Substitution in Microeconomics
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denoted by &£ In figure | from LK-space into Im-space. Lerner (1933)
paints out that the £S is inversely related to the curvature of the IQ (=
K SuL) whieh Is reflected in the shape and curvature of SCindicated
by () and m''(l),

Flgure I: Set of Isoquants denoted by Zi =Fi (L, K)

‘7 N_
-7,
Zs
~ .Y L N&

0 £

Flgure 2: Lerner’s Substitution Curves denoted by mi =fi(l)

m my (o<0) m;(6=0) m: (6> 0)

i (0 = =)

0 14 i
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The necessity of _:ﬂaac&,:m the surrogate substitution curve lies not
in the newness of its name, but also in its wider, simpler and
economical applications in the theory of firm's behavior. Lerner's SC is
derived only from /Q. But surrogate substitution curve can be derived
not only from IQ, but also from isocost (/C), coined also by Frisch (1935),
and other similar isocurves or isofunctions. Henceforth, the surrogate
substitution curve derived from the IQ will be called “isoquant
substitution curve” (IQSC) and by analogy, the surrogate substitution
curve derived from the IC will be called “isocost substitution curve”
(ICSC). Thus we can obtain isorevenue, isobudget, isoutility, isoprofit
and isoexpenditure substitution curves or similar curves.

The age of isoquant and isocost used as traditional tools of analyzing
firm's behavior is almost hundred years. We are well acquainted with
their derivation and application. Their application has been found
inadequate in some new, neglected or conflicting areas. This
inadequacy of their application can be compensated by the newly
derived two tools such as IQSC and ICSC. This paper seeks to
substitute almost a century old isoquant and isocost with the new but
derivative toolssuch as IQSC and ICSC.

Here IQSC and ICSC are called derivative tools, as they are derived from
1Q and IC respectively. But the application of the new tools to the new,
neglected or conflicting areas of firm's behaviour has deliberately
been bypassed in this paper due to space constraint. The newness of
application of the new tools will be considered in another article. Inthis
paper, our analysis will be confined to the derivation of IQSC and ICSC
and their different applications to the conventional areas of the theory
of firm's behavior.

The substitution of new tools (IQSC and ICSC) for old tools (/Q and IC)is
based on the remarks of the following three economists:

() According to Koopmans (1957), “The test of sujtability of a tool of
reasoning is whether it gives the most logical and economical
expression to the basic assumptions appropriate to the field in
question...."

12 _ Nature and Role of Substitution in Microeconomics
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() Behmookler (1965) writes - “.. if we need new tools, we can get
them inthe sarme way that we got the old tools: by making them or
buttawing them from some neighboring discipline”™.

(W) Tolin argues that “What is wrong with the economics is not so
mileh the putting together of the pieces (tools)....what is wrong is
the poor guality of pieces (tools) that we put together in such
models" (Koopmans1957).

2.2, Derlvation of Isoquant Substitution Couve (IQSC)

IFthe IQ Is represented by Z, = F (L, K) or K = K (L, X,), the IQSC can be
denated by k = f (m, X, ) or simply, k = f (m), where Z = firm's level of
OULPUL, L w input -L, K=input- K k= (K/L)and m = (F,/F,) = (MP_/MP,) =
| /dl | The IQSC denoted by k = f (m) is the mapping of IQ from LK-
space Into mk-space given the level of output Z. In other words, IQSCis
the locus of various combinations of m and kalong which the “isoness”
ol Zls maintained. Needless to say, k is the slope of the ray drawn from
theariginto a pointon the IQ for a given level of output,say, Z =27, while
i1 s the absolute slope of IQ in the LK-space in which L and K are
measured nlong the horizontal and vertical axesrespectively. If k=f(m)
I callod JQSC, ! (m)will be called “marginal IQSC" (MIQSC) and f(m)/m
willbhe called "average IQSC" (AIQSC).

2.5, Mathematical Derivation of IQSC
Now et us see how IQSC can be derived mathematically from 1Q:

Far the production function (PF) given by Z=F (L, K),we have:
Ukw[(F, L+ F,. K dL]/F,. L ;
mes ﬁ%”‘u.n ‘...u_ “... = h:. _ﬁxu..uﬁ.t.x “n._.u\_n&a..ﬁ\.ﬂxu

B (e ) o f'(m) = MIQSC =D, F.2 /A%,

)
()
(3)

whete D« (F, L + F,. K) = Distributable output between the inputs L
ane K and

AN ﬂu.q.,:. ‘..._ ﬁ... ﬁ..: ﬂ.....l F MK \u__.J
“ Bordered Hesslan determinant that determines the curvature ofthe Q.

Notewarthy that equation (3) is obtained by the joint consideration of
theequations (1) and (2).

Nalure and Role of Substitution m Microeconomics
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nﬁo|3 mn.cmzo: (3) we have:
2lf'(m)]/ & A=-DF, /AL’
a’lf'(m)]/é 4'=2DF,/A°L°

(4)
(5)

Equations (3), (4) and (5) state that the MIQSC is inversely related to the
curvature ofthe IQ, (= A). Further, the higher or the lower the convexity
(A > 0) or concavity (A < 0) of the IQ, the flatter or the steeper will be the
IQSC, irrespective of whether the IQSC is positively or negatively
sloping. The relationship between the IQ and the /QSC is shown in
figures 2 and 4. The IQs denoted by F, (i =1, 2, 3, 4) in figure 3 are
mapped intothe IQCSsdenoted by f,(i=1,2,3,4) infigure 4.

d f
- s’ b fi

fa

.
n%u.*

F;

F;

L

Figure 3: Isoquants:
Z=Fi(L, K)

e

a' f

0

n

Figure 4: Isoquant Substitution

Curves: k = fi (m)

2.4.Graphical Derivation of IQSC
Now let us consider the graphical derivation of IQSC from the IQ, in
termsoffiguresSand 6.

From the pair of figures 5 and 6, we get the following results:

(I) The ab segment of the IQ is mapped into the a'b’, which is called
IQSC.

(i) Point a or @' is the lower ridge point at which F, = 0 =m and the
slopeoftherayca=o04d.

(ili) Point bor b'is the upper ridge point at which F, =0, m = and slope
oftherayob=m,b"
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..& ;I_%.-.n_ﬂoz ab or a'b'is called economic zone or efficient
SN within which substitution between L and Kis possible.

Wl Far s moverment from the point a or o' toward the point b or b’
wlang the IQ or IQSC, F, rises, while F, falls and vice-versa.

(i) The IQSC starts from the positive vertical intercept oa’ = slope of
the ray oa.

Z=Zy

0

L n

0

my

Figure 6: Isoquant Substitution
Curve for Z =20

Flgure 5: Isoquant for Z = Z0

Far canvex Qs with varying degree of convexity, the positively sloping
IQSCs may assume various shapes, positions and curvatures. More
specifically, the positively sloping IQSC may also start either from the
arlgin or from the negative vertical intercept depending upon the
dugree of convexity of the 1Q. For example, the positively slopinglinear
IOQSE that starts from the origin, can be derived from the Cobb-
Douglas (1928) production function.

Muteover, the shape and the position of IQSCs also depend upon the
shape ol the ridge lines, as shown in the figures 7 and 8. The convex IQs
denoted by & and Z, in the figure 7 are merely imaginary in the sense
that they are needed only to represent the array of successive levels of
output, whete 2, » 2, where URL = upper ridge line and LRL = lower
Hdge line
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» 3 A AR D/ LKA >0 10)
% URL r¢ LRL
LRI Ihe (nverse telationship between the HES and the curvature of the 10
g (o8 Baustions (8), (9) and (10)]isshownin figure 9.
c .7
z b Fram sauation (6) it is obvious thato =€, = ¢ (MIQSC, AIQSC), where
a ¢ s functional symbol.
o ¥ o o Mgure 9 Relation between Curvature of Isoquant and Elasticity of
: ; Substitution (o)
Figure 7: Pair of Ridge Lines Figure 8: Pair of Isoquant
Substitution Curves Yo A
4
2.5.Multiple Applications of IQSCand ICSC |~ =00=c
The multiple applications of IQSC and ICSC will be confined to the
following conventional areas of firm's behaviour, deliberately e %
5 L : - _N- q =3
bypassing unconventional areas: .L...w!:.a_s. of 1) . \ (Comvexity of I
+A
2.5.1. Measurement of Elasticity of Substitution (ES) \
The concept of elasticity of substitution (ES) between the in puts was fAl*w|a|=0
invented by Hicks (1932). The Hicksian elasticity of substitution (HES) is = s
denoted by o, which is of two types such as oand oy, Where g,, = ES of Lihbaitaic il Gl
L for K and o, = ES of K for L. Noteworthy that HES is still being ~o |

measured interms of /Q. But now the HES can be measured interms of
either IQSC or MIQSC and AIQSC. If, following Bishop (1952), £, stands

for“m elasticity of kalong the IQSC", we have: 453, Measurement of Relative Input Share

WESFL/Zand K, = F,.K/Z where L= share of L in Zand K. =share of K
Eim=(dk/k)/(dm/m)=(dk/dm)/(k/m)=MIQSC /AIQSC (6) 11 & o KA, = FollF.L=(K/L)/ (F /F,)= k/m = AIQSC = slope of ray in mk-
BUtHES = o= (dk/k)/(dm/m) (7) wpaoe, m

From equations (6) and (7), it is clear that Ein (Measured along the ,..c__.o__o‘_x.\h.lezmn?mm:mBo;\mjc. (L./K,)=relative share of |
IQSC) = o (measured along the IQ). Form equation (6) we find that for

the convex IQ, E,,, > 0; for the concave IQ, E,.. < O; for the linear IQ, E. = 40, p,\x.. “m/k s 1/AIQSC (12)
and for the L -shaped IQ, E,_ = 0.Further it canbeshownthatE, orois

inversely related to the curvature of the IQthatis A.For the PFgiven by Then fram eguation (M)itis amply clear that (K./L,) issynonymous with

Z=F(L,K), AIQSE while (L/K,)is the reciprocal of AIQSC.
0= Em= [F,.F. D)/L.K.A (8)  WM3 Relationship between the/QSCandE, |
) = 2 :
Fo/ A=-F,F.D/LKA*<0 (O) I, |stands for ‘absolute L elasticity of Kalongthe IQ" we have
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| [El = 10K/ K)/(dL/L)] = I(dK/dL)I/ (K/L) = (F/F)/ (K/L) = Fl/Fi K .
0 (k/m) [E,, 1) (15)

=L,/K,=m/k=1/AIQSC (13)
i (14) we have [d(k/m)/dk] % Oaccording as E,, % 1.
| 2.5.4. Relationshipamong E, , |E.l, MIQSC and AIQSC
| From equation (6), we have: n (15), we get [d(k/m)/dm] W 0,according askE,, N i
| * E,.=o=HES=(dk/dm)/(k/m)=MIQSC/AIQSC. of squations (14) and (15) have also been displayed in table 1.
From equations (11) and (12), we have: =
7 7 K./L,=k/m=AlQSCandL./K,=m/k=1/AIQSC. _
| i From equation (13), we have: slonship among IQSC, IQ,E,., |E.land (K./L)

I |E] = m/k=L/K.So,finallywe get [from equations (6) and (11) and (13)]

MIQSC=dk/dm=E,./|E.]=E../(L/K)=E,.,.AIQSC.These resultscan
bedisclosed intermsfigure10 and table 1, which are interrelated.

{i I Figure 10: Set of Isoquant Substitution Curves: k =fi(m) - Jp b.uo: s T o o T S g Fuo_ SRR 1
7 _ m Cobb ~Douglastype = =1 = <l K>L, =0
_ A>0

_

b — |
ﬂl Convex to origin & <1 i <| K>t <0

_

| 10CS; 105C; 10SC; e | |
A = higher _
10SC; (45 ray) . N SRR RN Sl W - S T
g. Cobb - Douglastype | =1 | =| K. =L, =0 _
ik A>0 |

i 7 Nﬁhdm - ! | _ e J

| IQSC, = Convextoorigin& | >1 | >I K<L, >0
| 10SC; A - |

| \\ niwn Gobb-Douglastype | =1 | | |K<L| =0 |
m | - shaped | =0 | =< K =0| dk/m)/ |
3

= . | A= | = dm<0

D m ——— ._ — e e e el i e R e

256, Miekslan Technological Progress and its Effects on Relative

2.5.5.Trend in Relative Input Share (K,/L,) Input Share and Input Substitution
Earlier we have seen that K./L, = k/m = AIQSC = slope of ray in the mk - Attarding ta Micks, technological progress (TP) is said to be K -
space.Now, d(k/m)/dk=(1/m)[1-1/E,..)] Intensive, L« Intensive and neutral (or unbiased), if at given k (= K/L), it

(14) lowers, ralses and leaves unchanged the m (= F/F,) respectively or,

v

uﬁ_ _ Nature and Role of Substitution in Microeconomics Nature and Role of Substitution in Microeconomics




alternatively, if at given m, it raises, lowersand _mm<mm.c:n3m3mma the k n Labor-intensive Technological Progress (HLITP)
respectively. Now we shall see how Hicksian TP can be represented in
terms of the IQSCs and also its impact on the relative input share (K/L,)
and the input substitution (IS). sty
N/ I0SC,
: Lo o 3 a,
Here we shall assume that the /IQs are convex to the origin (excepting b
the Cobb-Douglas IQs), for which the IQSCs are positively sloping.
Figure 11: Hicksian Capital-intensive Technological Progress c
(HKITP)
I
k1 10SC;=k=f; (m) __ 21
ka c 10SC;=k=f; (m) 0 m — m o
M b I :.c__- 12, due to Hicksian L-intensive TP (HLITP), the IQSC shifts to
i : s Hght, for which at given k = k, m rises from m,tom,. The movement
[ the point @ to the point b is called HLITP, for which (K./L,) falls, as
the i. ol the ray ob becomes lower than the slope of the initial ray
o Further, the movement from b to c is called input substitution of L
for I farwhich k falls from k to k,.
~ Flgure 13 Hicksian Neutral Technological Progress (HNTP)
0 m S omy m
i 10SC; )
In figure 11, due to Hicksian K-intensive TP (HKITP), the /QSC shifts to
the left, for which at given k = k, m falls from m,to m.. Asaresult, (K./L.|
rises, as the slope of the ray ob becomes higher than the slope of the ¢ IOSC,
initial ray oa. ﬁ
Further due to HKITP, k rises from k, to k, at the initial m = m, which
meansthat Kis substituted for L along the shifting /QSC at the initial m
= m, Thus the movement from the point a to the point b is called
HKITP, while the movement from b to cis called input substitution of K
s 5
for L. . -
o " m
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:._ :m_cﬁm J_u ?e_o “Omnm cuts each other at the Uo_nﬁ a, for E:_nj thall
given k = k™ is associated with the given m = m . This means thaty
Hicksian TPis neutral, which leaves both the (K./L,) .

A of the firm can also be demonstrated when both IQ
linear The following three cases, for example, can be

1\
and the input substitution unchanged, as the slope of the ray oa
remainsunchanged and the kremainsunchanged at k " respectively.

e 10 and IC are convex to the origin, but the degree of

Yol 19 s greater than that of IC, both IQSC and ICSC will be
wly sloping. Now the ICSC must be steeper than IQSC, if the
o~ equilibrium is to be ensured, that is, if the steeper ICSC
2.5.7. Equilibrium of the Competitive Firm g nI. flattar IQSC at the point of equilibrium, the equilibrium
Thefirmisin equilibrium if the following two conditions are satisfied: will e stable.

) IE st the 1Q and IC are concave to the origin but the degree of

() m (=F,/F.) = P (=P./P,) and (ii) (dK / dL) < 0 and (d*K / dL?) > 0, which of the IC s greater than that of IQ, both /QSC and ICSC
means that the /Q is convex to the origin or, alternatively, the IQSC is e negative sloping. But the stability of equilibrium requires
positively sloping. Here P = P,/P, = absolute slope of the isocost (IC], JOSE will be steeper than ICSC.
where P, = price of L and P, = price of K. If the first order condition o;_ If the IQ Is convex, while the IC is concave, the stability of
firm's equilibrium, given by m = p, is to be satisfied, the IC is to be  ggullilbtlurm requires that the positively sloping IQSC cuts the
mapped into “isocost substitution curve” (ICSC), as earlier the IQ has  pagatively sloping ICSC. But the equilibrium will be unstable, ifthe
been mapped into /QSC. If the IC is denoted by C = (P.L + P.K), the  ggiugise ls true, that is, if IC is convex or ICSC is positively sloping,
equation ofthe ICSCwillbe k=C/P,L-P=g (P),suchthatg'(P)=« . Whils 10 Is concave or IQSCis negatively sloping.

This means that the /ICSC will be vertical in the Pk-space. Thus givert i Input Inferlority

the /QSC and ICSC, the equilibrium of the firm is determined by tha lygs saneapt of “Input inferiority” was also introduced by Hicks (1939).
point of intersection between the positively sloping /QSC (if /Q isguasing to Micks, an optimizing competitive firm “will increase its
convex to origin) and the infinitely sloping ICSC (if the IC is negatively, it I tesponse Lo a rise in the price of the 'k th' factor of production,

sloping linear). Itisshown infigure 14. [ wndl anly If, the 'k th' factor is inferior”. Later on, it was modified by
' o % Watl (1962), Bear (1965) and Ferguson (1968). Bear's (1965) diagram for
Figure 14: Equilibrium of Competitive Firm Nt Inferiority can be reinterpreted in terms of IQSC - /CSC diagram,
wshown Infigure 15,
k ICSC=k=g(P) .
10SC = k=1 (m) Sl 18 Input Inferiority
[} 1CSC
105C;
ke e (firm’s equilibrium point)
105C;

(0] P,=m, m, P

" Mg m,
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increases, which isthe same thing as the Hicksian K- intensive 11 Here
in k (= K/L), L is inferior and K is superior, where K may be treated as
aggregate of “all other factors”. Noteworthythat Ferguson's (1967) view
of input- inferiority is similar to Bear's (1965) view. Accarding to tham,
an input will be inferior, if its price is positively related ta the
equilibrium output of the firm. So, Bear's (1965) diagram will be
identical to Ferguson's (1967) diagram (See figure 15).

2.5.9. An Example of the Relationship among IQSC, AIQSC, MIQSC,
(K./L)andE,, (o)

Let us suppose that the IQSC assumes the explicit form k=f(m)=B"m’,
which gives rise tothe following derivative functions:

k/im=Bm=K,/L. = AIQSC (16)
dk/dm=2k/m=0=> MIQSC (17)
d’k/dm’=2k/m°>0 = slope of MIQSC, (18)

where B is a positive parameter, From equations (16), (17) and (18) it is
obvious that the IQSC must be convex to the m-axis, which is only
possible if the IQ meets both the L- axis and K- axis. Since AIQSC = k/m
=K_./L,, s0 AlQSC curve will coincide with the K, /L. curve. Further since
o=E, =(dk/dm)/(k/m)= MIQSC/AIQSC,soc=E,,h >1 asMIQSC>
AIOSC. All theseresults are reflected in figures 16 and 17.

10SC =k=f(m) MIQSC = [ (m)

AIOSC=(Ks/Ls)
=k/m

o mo (@) : "

Figure 16: Downward Figure 17: Positively Sloping
Convex IQSC MIQSC and AIQSC
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2.6.Concluding Comments

Despite the proliferation of various theories of firm such as neo-
classical, average cost pricing, limit pricing, managerial, behavioral,
principal-agent, transaction cost, contractual, property rights etc,, the
neo-classical theory is still persisting at least on heuristic ground. In
class-room lectures, the neo-classical theory is very popular for its
apparently mathematical simplicity. Almost a century old Isoquant-
Isocost Model is a constituent part of the neo-classical theory of firm's
behavior. This model is also inadequate to theorize the long neglected,
conflicting or new aspects of firm's behavior that is why IQSC and ICSC
are introduced.

The IQSC and ICSC can be used as the new but derivative tools for
theorizing both old and new aspects of firm's behaviour. In this sense,
the IQSC-ICSC Model should be conceived as the next expletive step in
the theory of firm's behaviour. Finally, it can further be admitted that
the application of the IQSC and ICSC to the new, neglected or
conflicting areas of firm's behaviour has deliberately been bypassed in
this paper due to space constraint, which will be disclosed in an
another article.
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CHAPTER o

The objective of this article is to reformulate the three selected
production functions (PFs) such as (i) Cobb-Douglas production
function (CDPF) of Cobb and Douglas (1928), (ii) constant elasticity of
substitution production function (CESPF) of Arrow, Chenery, Minhas
and Solow (1961), and (iii) the implicit form of linearly hormogeneous
production function (LHPF). This objective can be achieved through
the applications of two new tools such as "isoquant substitution curve”
(IQSC) and “isocost substitution curve" (ICSC), introduced by Konar
(2009).

3.2. ABriefSketch of IQSCand ICSC

The IQSC, which has been recently introduced by Konar (2009), is the
“rehashed version" of Lerner's (1933) “substitution curve" (SC), or
Matyas's (1985) “capital-intensity function”, both of which exhibit the
relationship between the isoquant and the elasticity of substitution. If
theisoquant (/IQ) isrepresented by X, = F (L, K), or K=K (L, X,), the IQSC
can be denoted by k =f (m, X,), or simply k=f (m), where X=name and
amount of commodity X, L =input-L, K=input- K k=(K/L)and m = (F,
/F)=(MP,/MP,) =] dK/dL | The IQSC, denoted by k = f (m), is the
mapping of /Q from LK-space into mk-space, given the X In other
words, IQSC is the locus of various combinations of m and k, along
which the "isoness” of X is maintained. If k =f (m) is called |IQSC, then f'
(m) is called "marginal IQSC" (MIQSC) and f (m)/m is called “average
1QSC" (AIQSC). So, "inverse IQSC", “inverse MIQSC" and “inverse AIQSC"
can respectively bedenotedbym=f"(k), dm/dk=f"(k)andm/k=f"
(k)/k.
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If the isocost (IC) isdenoted by C = (P,.L + P,.K), the equation of the IC5C
will be k = C/P,L - P =g (P)such that g' (P) =, where P = (P, _/ P,) . This
means that the ICSC will be vertical in the Pk-space. Thus, ICSC is the
mapping of IC from LK-space into Pk-space, given the C, where P,

price of input-L, P, = price ofinput-Kand C = name and amount of total
cost of production. In other words, ICSC is the locus of various
combinations of Pand k, along which the "isoness” of Cis maintained.

3.3. Reformulation of CDPF

The general form of CDPF of Cobb and Douglas (1928) can be written as
follows:
X=F(L K)=ALK’, ()

where A level oftechnology,a=F,L/X=L.=shareofinput-LinX,

b = F.K/X =K, =share of input-K in X, v = (@ + b) = returns to scale, or
degree of homogeneity of COPF,v>1 IRS,v<1 DRS,v=1 CRS.

Following Konar's (2009) methodology, the general form of COPF. X =F (L,
K)=AL° K’can be transformed into asingle function k=f(m)=Bm, (2)

where k=(K/L),m=(F,/F.)=(MP,/MP,)=[dK/dL|,B=(b/a),F,=MP, =
a(X/L)=aAP,and F,=MP,=b (X/K)=b AP,. From equation (2) we get
the following functions:

k=Bm = CDIQSC (3)
dk/dm=B= CDMIQSC (4)
k/m =B=> CDAIQSC (5)
B=(b/a)=K./L.=k/m=CDAIQSC = dk/dm=CDMIQSC (6)
|[E./=m/k % l,accordingasm  kor,L, Z K, (7)
E . =o=1 (8)
dk/km = [E,/[E. /) % 1,accordingasE,, % [E.l, (9)
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where [E,,[="absolute L elasticity of K" measured along CDIQ and

E.. = "m elasticity of k" measured along CDIQSC = “elasticity of
substitution” measured alongthe /IQ=o,

Let us rewritethe general form of CDPF as:

X=F,(L,K)=A LK, (10)
where the subscriptidesignatestheith “isoquant map" :Q.é.

Let us suppose that there are only three CDIQMs such as CDIQM,
CDIQM, and CDIQM,, all of which produce X. Further, we suppose that

CDIOM,, CDIOM,, and CDIQM, assume the following three specific
forms of CDPF respectively:

X=F,(L K)=A, LK, wherea,=b,= CDIQM, (1)
X=F,(L,K)=A,L’, K", wherea,> b, = CDIQM, (12)
X=F,(L,K)=A,L". K, where a,<b, = CDIQM, (13)

The CDIOM, will be rectangular hyperbolic, while the CDIQM, and the
CDIQM, will be asymmetrical relative to L-axis and K-axis, but roughly
be similar in shape to the rectangular hyperbola. However, the three
CDIQMs must be convex to the origin, irrespective of their degree of
convexity, and asymmetry relative to L and K axes. Following one ofthe
properties of homogeneous IQM, the three different CDIQMs such
CDIQM, CDIQM, and CDIQM, can be reduced to the correspondingly
three different CDIQs such as CDIQ, CDIQ,and CDIQ..

This property says that the slopes of the successive /Qs are equal at the
given input-ratio in the /QM represented by the homogeneous
production function of any degree. The transformation of the general
formof COPF:X=F (L, K)=A, L° K® intoasingle function:k=f (m)=Bm
implies that the three different CDIQMs such as CDIQM,, CDIQM, and
CDIQM,, or their reduced forms such as CDIQ, CDIQ, and CDIQ; in
figure 1 can be mapped into the correspondingly three different
straight lines with different slopes, which start from the origin in the
mk-space,asshown in figure 2.
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t ' CRIQSC

k=fi(m)=Bym, By>1
(45° Ray,
k=fi(m)=Bm, B,=1

X=A, LK1 q;=b;
X=4; ha... m_..‘bu_ Q.._Vmuu
X=d; 1% K7

x' cDIpSC,

, 3<b;

¢ CDIOSC:
i

ie=fom)=Bam. B:<1

O=d"=y'=u' m

Figure 2: Correspondingly

Figure 1: Three CDIQs Three CDIQSCs

The new functions:k =f,(m)=Bm (i=1,2,3)in figure 2,are the mapping
of the CDIQs represented by X = F, (L, K) = A, LK (i =1, 2, 3) in figure 1
fromthe LK-space into the mk-space. The new functionsin figure2are
called CDIQSCs.

Table I: Comparison among the Three CDIQSCs

Nature of CDPF: X = Fi X = AL%, K, a,= X = AL% K®., a,> X = ALS, Ko, O

(L, K)= AL" K, b, b, =D
Nature of CDIQM or  Rectangular Similar to Similar to
cDIQ Hyperbola = Rectangular Rectangular
Hyperbola Hyperbola
Name of CDIQM or CDIQM, or CDIQM,or CDIQM; or
CDIQ CDIQ, CDIQ, CDIQ;
Name and Equation of CDIQSC; k= CDIQSC, k= CDIQSC; k =
CDIQSC Bm B.m B:m
Relation between K. K.=L, K.<L, =L,
and L,
E... (o) along the E..=1 Ew=1 Bl
CDIQSC
[E..] along the CDIQ [E.]=1 Eaf=1 IE.|<1
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Received Nature of Neutral Neutral Neutral
Technological Change

Nature of Input- k= k = Lower k = Higher

Intensity along the  Intermediate
CDIQSC
R =7 | <7 >7 |
Value of v, Smmu S.‘Nq SVMH _

Value of B, = (b,/ a) B =1 B,<1 B.>1

3.3.1Problems of Firm's Equilibrium

On the basis of equations (3) to (13), the comparison among the three
CDIQSCs such as CDIQSC, CDIQSC, and CDIQSC, in figure 2 can be
briefed in terms of table 1. According to the information encapsulated
in table 1, the three different CDIQSCs such as CDIQSC,, CDIQSC, and
CDIQSC, in figure 2 can be regarded as the three different “paths”
faced by the firm, which produces X with the help of two inputs L and
K. It is worthy to reiterate that either the whole CDIQOM, or the single
CDIQ,can be mapped into CDIQSC, Since the firm is facing the “three
paths”, given by CDIQSC, CDIQSC, and CDIQSC,, so the guestion is:
which “path"will be chosen by the optimizing firm in equilibrium? This
question involves dual problem: one is “equilibrium determination
problem” and the other is the “choice of equilibrium problem”
corresponding tothe “path”.

In the former case, firm's equilibrium requires the balancing of
“technical desire” with “economic desire” of the firm. The technical
desire of the firm is reflected by the IQ or IQSC, while the economic
desire of the firm is reflected by the firm's isocost (/C) function or the
ICSC. While the CDIQSC is a straight line through the origin, the ICSCis
vertical. If both CDIQSC and ICSC are brought together in a single
diagram (figure 3), the point of intersection between them will ensure
both the first order condition of firm's equilibrium: m = p and the
second order condition of firm's equilibrium: the positive slope of the
IQSC that is dk /dm > 0. In figure 3, the vertical ICSC cuts the three
CDIQSCs at three different points, which are called the firm's
equilibrium points. Let e, be the equilibrium point corresponding to
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the "ith path” denoted by CDIQSC, (i = 1, 2, 3). S0, e, e, and e, will be
consistent with CDIQSC, CDIQSC, and CDIQSC, respectively. The
"choice of equilibrium path" depends on the desirability of the firm
with respect to the relative position of K, and L, (thatiswhether K, Z L,)
on the one hand, and the desirability as well as awareness about the
existing three paths of the trade union on the other hand, given the
ICSC. If the firm desires to have K. > L, coupled with higher K-intensity
on the assumption that either the trade union is naive, or completely
unaware of the existing three paths, the firm will choose the
equilibrium point e, which is consistent with the CDIQSC; path.

On the other hand, if the trade union leader is sophisticated, and
completely aware of the existing three paths, he/she may force the
firm to choose the equilibrium point e, corresponding to the CDIQSC,
path, since trade union knows that the CDIQSC, path invelves L, > K
coupled with L-intensity. The paths CDIQSC, and CDIQSC, are
considered as the two extreme paths. While CDIQSC, path is biased
against the trade union, the CDIQSC, path is biased against the firm.
But, if neither firm, nor trade union “stoops” before each other, then
through the bargaining process, the intermediate path CDI/QSC,
which may be looked upon as an “egalitarian path”, as along such path
K.=L,isensured, will eventually be chosen bythe mutual agreement of
both the conflicting parties.

Figure 3: Choice of Firm's Equilibrium

k1 ICsC
CDIOSC;: Higher K-intensive. K, > L,
(45° Rav)
ks (3 CDIOSC,: Intermediate K-intensive, K.= L,
k \ 2 CDIQSC;: Lower K-intensive, K, < L,
»... £
0 m=P m, P 5
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3.3.2 Problems of Hicksian Technological Progress (HTP)

From figure 3, we find that along any path or CDIQSC, the HTP is
neutral, as suggested by the received theory. This means that for
CDPF, the intra-IQM or intra-/QSC technological progress (TP) is
neutral in Hicksian sense. But, this neutrality of HTPis vitiated owing to
divergence of choice of path, CDIQSC or e, This means that the inter-
path, inter-IQM orinter- IQSC-TPis non-neutral in Hicksian sense. More
specifically, owing to divergence of choice of path, if the CDIQSC shifts
from its initial position CDIQSC, to the final position CDIQSC, such
shift of CDIQSC indicates Hicksian K-intensive TP (HKITP), while the
shift of CDIQSC from CDIQSC, to CDIQSC, indicates Hicksian L-
intensive TP (HLITP). Thus, the inter-path, inter-IQM or inter-IQSC-TP is
always non-neutral, which has not been considered by the received
theory.

If the CDPF is rewritten as X, = F, (L, K) = A, L" K or k,= B.m, where the
subscript i may designate industry, firm within an industry, or the plant
within a firm, the movement along any CDIQSC, (i =1, 2, 3) must imply
intra-industry, intra-firm or intra-plant HTP, which is neutral for the ith
industry, firm or plant. But the shift of CDIQSC, in either ward (upward
or downward) involves inter-industry, inter-firm or inter-plant HTP,
which is non-neutral. More specifically, if the CDIQSC shifts from
CDIQSC, (or CDIQSC,) to the CDIQSC, the inter-i HTP will be K-
intensive (or L-intensive) [Figure 3]. Thus, in fine, intra-i HTP is always
neutral, but inter-i HTP is non-neutral, where i may stand for industry,
firm within an industry, or plant within a firm. In this context, the
contribution of Massell (1961) is noteworthy.

Now, the distinction between the intra-i TP and inter-i TP should be
disclosed. While the intra-i TP refers to the improvements in the state
of arts, and efficiency within i, which should be termed as invention
and/or innovation performed by i, the inter -i TP refers to the diffusions
or spillovers of the technological invention and/or innovation among
the i.. Further, the inter- i TP may occur owing to inter-i mobility of
inputs because of inter-i inequality of the marginal products of the
inputs. Both intra-i TP and inter-i TP contribute to the shift in the PF
within i and among i, respectively. The inter-i TP results in a further
increase in output over and above theincrease in outputrealized in the
intra-/ TP.
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Figure 5: Intra- and Inter-
Industry TP (K-Intensive)

Figure 4: Intra- and Inter-
Industry TP(L-Intensive)

Now, let us consider the effects of Hicksian non-neutral TP (for
example, inter-industry TP) interms of figure 4 and figure 5. In figure 4,
due to inter-industry HLITP, the CDIQSC shifts to the right from k =,
(m)to k =f, (m), for which at the given k = k, m rises fromm m, to m,. The
movement from the point e, to the point e, is called “inter-industry
HLITP", for which the relative share of K (=K. / L.) falls for industry 1, as
the slope of the ray Oe,becomes lower than the slope of the initial ray
Oe, Further, the movement from the point e, to the point e, is called
the “increase in substitution of L for K", for which kfalls from k; to k..

The movement from the point e, to the point e, is also called “intra-
industry Hicksian neutral TP". But, in figure 5, due to inter-industry
HKITP, the CDIQSC shifts to the left from k =f, (m)to k =f. (m), for which
at the given k = k, m falls from m, to m.,. As a result, the relative share of
K (=K./L.)for industry1rises, as the slope of the ray Oe, becomes higher
than the slope of the initial ray Oe, The inter-industry HKITP also leads
toarise in kfrom k,to k, at the initial m = m, which means the “increase
in substitution of K for L" along the shifting CDIQSC: k = f, (m) at the
initial m = m,. Thus, in figure 5, the movement from the point e, to the
point e, is called “inter-industry HKITP", while the movement from the
point e, to the point e; is called the “increase in substitution of K for L.",
or"intra-industry Hicksian neutral TP".
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3.4. Reformulation of CESPF

As a serious challenge to the CDPF, the CESPF was devised jointly by
Arrow, Chenery, Minhas and Solow (1961). The CESPF was popularized
by Uzawa (1962), Mc Fadden (1963) et al. The foregoing two problems of
CDPF, indicated by subsection 3.1 and subsection 3.2, equally hold true
in the case of CESPF also, that is why deliberately bypassing the
repetition of reasoning of the foregoing two subsections, only the
nature of CESIQSC has been disclosed, as follows.

By analogy of CDPF: X =F (L, K)=AL°K",the CESPF can be written as:
X=F(LK)=AlaL"+bK']", (14)where (a + b) =1, v returns to scale
parameter 1, A technological change parameter, r substitution
parameter,while a and b refertodistributional parameter.

From equation (14) we get two derivative functions such as (15) and (16):
F. =&Y guX "ML (15)

Fe=TA™ by X™] /K™ (16)

From equation (15) and (16) we get:
k=B’m’=> CESIQSC (17)

From equation (17) we get:

k/m=8B"m~ = CESAIQSC=(K./L.) (18)
dk/dm= B'm™ = (k/m)= CESMIQSC o (1)
d’k/dm’= a(a-1)(k/m’)=> slope of CESMIQSC (20)
Ak/ B=oB"'m", (21)
whereE, = o= CESMIQSC/CESAIQSC =[1/(1+r)] = o (r), (22)
B=(b/a)=(k/m)k"*"=(K/L)K', (23)
sincer=|[(1-0)/c] and (24)
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a=(LA"L)/vX™(herel,#a whilein COPF, L, =a) (25)
b=(KA" K')/vX™(hereK.#b, whilein COPF, K, = b) (26)

The CESIQSC assumes various shapes depending upon the nature of
CESIQ, which in turn depends upon the values of r and o as shown in
figure6.

Figure 6: Five CESIQSCs Corresponding to Five CESIQs

k CESIQSCy: o=, r = -1. CESIQ is lincar

CESIOSC:: o= Y%, r =1, CESIQ neither cuts.
nor approaches axes

CESIQSCs: o=1, r = 0. CESIQ is of

CDIQ type

CESIQSCy: o=2, r = -0,
CESIQ meels both
axes

\ CESIOSCs: o=0, r=c,

CESIQ s L-shaped

|\\.\\|\\.\\

If positively sloping (linear or non-linear) CESIQSCs are substituted for
CDIQSCs in figure 3, figure 4 and figure 5 leaving other things intact, it
will be evident that the two problems, indicated by subsection 3.1 and
subsection 3.2, are equally applicable to the CESPF like CDPF,

On the basis of equation (22) or (24), the "CES-Curve” can be derived as
follows. Since E,,=o=1/(1+r)=0o(r),so ¢'{r) == a°<0and ¢'(r)=2 ¢’ >0 on

theassumptionthat o>0.

This indicates that the “CES-Curve", which shows the relationship
between oand r, must be convex tothe origin, as shown in figure 7.
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Figure 7: CES Curve
orr) (o= r=-1)

(c=Lr=10)

(c=tr=1)

3.5. Reformulation of LHPF

The objective of this section isto disclose that the implicit form of LHPF
can reproduce the basic features of CD, CES and VES production
functions. The reproduction of such basic features, which is another
basic feature of LHPF, can be executed in terms of Konar's (2009)
isoquant substitution curve (IQSC). The implicit form of LHPF. X = F (L,
K) can diagrammatically be represented by an isocquant map (IQM),
which exhibits constant returns to scale (CRS), irrespective of the
curvature of the IQM. The three explicit forms of production function
(PF), whose basic features can be reproduced by the implicit form of
LHPF, are (i) CDPF of Cobb and Douglas (1928), (ii) CESPF of Arrow,
Chenery, Minhas and Solow (1961), and (iii) the VESPF of Lu and
Fletcher (1968). -

Let the implicit form of LHPF be
X=F(L, K), (27)

which can be rewrittenasx =t (k), (28)

where x=AP, = (X/L),(x/k)=AP, and k= (K/L).
Equation (27) can also be rewrittenas X=Lt (k) (29)

From equation (29), we get two derivative functions such as (30) and
(31):
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MP,=F = (t-kt')=AP (1-K,)=AP L, (30) where E,, "k elasticity of x" measured alongthe AP, curve: x =t (k).

where K,=F . K/X= So,thetrend in K, with the changein kcan be given by:
shareof KinXandL,=F, L/X=shareof LinX.
MP=Fs= TQQ =APK, _“w.: Q.Rm \QkﬂQW.xk\QWHmﬁ i~ E_Yv _“ﬁ..n;.”_ \mmnﬁﬂ_hh+ EHJ \nbﬂ:..np Fx \\D__Uruu;:qlxx\
AP (41)
From equations (30) and (31) we get:
F./F.=m=(t-kt)/t'=f"(k), (32) 3.5.1Shapes of AP, Curve Derived from LHPF
The AP, function: x =t (k) assumes various shapes depending upon the
which is called “inverse IQSC" of LHPF, while k= (t—mt')/t'=f(m) (33) value of E_, and t", on the assumption that t' > 0, which will be obvious
iscalled IQSC of LHPF. fromfigure 8.
From equation (33), we get two derivative functions such as (34) and Figure 8: Five APL Curves of LHPF
(35):
dk/dm=MIQSC=~t"/tt" (34)
X
k/m=AIQSC=K,/L,=kt'/(t-kt') (35)

Ea<l.t"<0.F; >0,t'>0
Eq<1.1"=0,F;>0.1'>0
Eq=1,1"<0, F;=0.t'>0

Ey >1.1"=0,F; <0,1">0
Ey>1.1">0.F; <0.1'>0

Similarly from equation (32), we get two derivative functions such as (36)
and (37):
dm/dk="inverse MIQSC" =—tt"/t”" (36)

d'm/dic = (2ttE -t t"-tt't'")/t*, (37) whichiscalled “slope of inverse
MIQSC" of LHPF.

From equations (34) and (35), we get;
E..= =(dk/k)/(dm/m)=(dk/dm)/(k/m)=(m/k)/(dm /dk)

= MIQSC/AIQSC =—[t' (t—kt')] /ktt"= (k). (38) 0 e
k
where o "elasticity of substitution” measured along the 1Q, while E,,
‘m elasticity of k" measured along the /QSC, though o =E,,, Figure 8 shows that the two AP, functions t, (k) and t, (k) are practically
: . . feasible, as K, <1and MP, > 0, whilethe AP, function t, (k) is theoretically

Thetrendin withthechangeinkcanberepresented by: feasible, as K, =1and MP, = 0. But the other two AP, functions t, (k) and t.

(k) are quite impossible in reality, as K. can never be greater than unity
do/dk=d[(m/k)/(dm/dk)]/dk and MP, can never be negative.
=(m/k)[(1-o0)m/K = (d’'m/diK))/([dm/dk) (39)

So, for practical purpose, the AP, functions t, (k) and t, (k) can be
E.=(dx/x)/ (dk/k)= (dx/dk)/(x/k) retained,deleting the rest ofthe AP, functionsin figure 8.
=kt'/t=MP,/AP,=F.K/X=K, (40)

" T v J . R I .
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3.5.2Shapes of IQSC Derived from LHPF
The slope and curvature of IQSC: k = f (m), depends upon t) t', t'""and ,
which will be obvious from equations (34), (36), (37) and (38):

() Ift'>0and t"=0,we getdk/dm = == ,which means that the IQSC will
be vertical in mk-space, which will be consistent with the three AP,
functions such as t, (k), t. (k) and t. (k) in figure 8, irrespective of
whether E, = K, 1. Further, in the case of vertical IQSC, we find that =o
E..= andd(k/m)/dk=d(K./L.)/dk>0.

(il) But, if the AP, curve: x =t (k) is concave to the k-axis in kx-space (see
figure 9), which is possibleift'>0, t"<0and E,, =K. < 1,the t' (k) function
may assume three shapes (see figure 10) depending upon t" (k), for
which the IQSC may assume, for example, seven shapes, as shown in
figurel.

P >0, 1" <0, Eg=K.<11'(k)’
x=t(k)
1"<0,1"'<0
h-n\r” Q. -.--w“
1'<0,"">0
0 k 0 k
Figure 9: Single AP, Curve Figure 10: Three MP,
of LHPF Curves of Single AP, Curve

From equations (34) to (39), and figure 10 and figure 11, the realized
results are encapsulated in table 2. Further, the seven IQSCs of LHPF,
denoted by k=f,(m)[i=1to 7] in figure 1l are consistent with the single
AP, curve in figure 9, from which the derived outcomes are also
displayed intable 2,

But, table 3 shows the results, which are derived from figure 8, and
equations (40) and (41).
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Figure 11: Seven IQSCs of LHPF
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VESPF
CESPF, CDPF,
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>0 <0 >0 <0 .>O

>0

A

fe (m)

VESPF

VESPF

>0 >0 <0 >0 <0 .>O <0
=0 >0 <0 >0

<0

=0
<0

fi (m)
f;(m)

VESPF

AV

Features of Five APL Curves of LHPF

Table 3.

5]
1

L,=MP,/ dK./dk

dL./dk

:K':;:

Exk

‘;":::K:sz-r"

x/'MP,

AP, =

t (k] MP,

APy=

AP, Curve:
t; (k) in Figure 8

MP, /AP, AP,

(k)

<0

t' (k)

k
>0
>0
>0
>0
>0

FL

X =

L. | s

>0
>0
>0
>0
>0

0
0

AV

AV

<]

>0

>0
>0
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<1

A

AV

<0
<]

<0

>1
<1

>0

<0
>0
<0

<0
>0

>0
<0

>1
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3.6. Conclusion

The reformulation of the three production functions such as CDPF,
CESPF and LHPF in terms of Konar's (2009) methodology indicates a
departure from traditional, received or established framework. So,
potential controversy or criticism can not be ruled out, that is why a
Nobel laureate economist said: “If, however, a new theory falls outside
established paths, it is certain to face general opposition whatever its
justification. For all these reasons, it is essential to su bject 'established
truths' constantly to a critical analysis without indulgence” (Allais,
1997). Noteworthy that Konar's (2009) methodology can also be

applied to “similar neglected fronts” in the conventional theories of
economic(s) education.
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Children Education during
COVID-19 Pandemic and Related
NSS Activities

Dr. Tarun Kumar Barik

Abstract

During the COVID-19 Pandemic, we are facing a serious
living and learning crisis. Children and youth of primary,
secondary and higher secondary school age were out of school.
Actually, COVID-19 threatens the education system from a bad
to worst situation day-by-day and creates a gigantic shock to all
education systems in our lifetimes. We have here different crisis
and approach to recover children’s education system from this
hazardous emergency situation and related NSS activities have
been summarised in this chapter. The schools, colleges and
universities need proper master plan to start reopening and
stabilising the education system slowly but more carefully. The
present analysis suggests to emphasis on the maintenance of
hygiene level, following digital systems and regular basis online
counselling of school children are required on priority basis.
School authorities are most responsible to upgrade their digital
Systems timely and make a long-term resilience in our education
system. NSS volunteers play a prime role to spread the awareness
ifhrough online and one to one personal communication about the
!mportance of hand hygiene, respiratory hygiene, social distancing,

importance of mask wearing in the public places and also the
Importance of COVID-19 vaccination.
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Introduction
The shocking Pandemic outbreak of Corona virus disease—

2019 (COVID-19) is a severe threat to our human society.
COVID-19 is caused by a new type Corona virus, SARS-CoV-2
(Severe acute respiratory syndrome Coronavirus-2) and in the
case of infection, most of the people fall sick with mild to
moderate symptoms. It becomes deadly serious when virus
transmitted to lungs and subsequently occurred complications like
acute respiratory failure. The virus spread easily among people
by person to person contact (within about 6 feet, or nearly 2
metres), by the droplets released from coughing, sneezing or
talking of infected person. Till now, COVID-19 patient’s
complications, risk factors and prevention strategies are
announced and well-documented. Researchers through
worldwide have already discovered COVID-19 vaccines; most of
them have completed phase-3 clinical trials successfully. Doctors
are trying to manage the symptomatic treatment to increase the
recovery rate. However, whole World is following the lockdown
based option of prevention strategy by staying home as much as
possible to stop the spreading in our community. It is recommended
to work from home. It is going for long days that will make an
immense problem in our society or nation. This is the era of World
Wide Web (www), where maximum work can complete by the
help of web-based technologies. Therefore, the educational systems
have the major role in this period to grow up our nation in a
required standard.

The Post-COVID emergence or ongoing the Pandemic scenario
have multidirectional consequences on various spheres of life
apart from deterioration of human health. The economical cost
associated with COVID-19 Pandemic is very high as it inferred
from high costs of medical and intensive care, loss of productive
working days, major impact on travel and tourism, ban on export
of agricultural product from affected regions, etc. Similarly, if the
growths of educational systems become weaken that can’t be
compensated by means of anything else. Students’ mental health
is glso very much important for his learning, appearance and
attitude. In this critical situation, the roles of teachers are
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extraordinarily important to save our student’s health and

growth our nation.
Sharing of Knowledge on Health and Hygiene

Hygiene is the attitude, behaviour and practices for the
protection of health consequently healthy living. Poor health
hygiene practices are the major cause of several communicable
diseases. In developing countries, the primary causes of morbidity
and mortality among young or school children are the acute
respiratory and intestinal infections [1]. School is the only place
where students acquire not only education but also provoke their
attitude, behaviour and environment. The United Nations
Children’s Fund (UNICEF) confirmed that knowledge, attitudes,
and practices (KAP) are the basic principle of hygiene. Simple
hygienic process by washing hands with soap is poorly practised
in India and almost no culture in any school, college or university
systems. It is necessary to prepare new hand washing facilities
including enough knowledge in awareness which may lead to
some changes in behaviour and attitude. Lack of resources like
soap, sanitising material, and very poor sanitising system in
educational institutes in India may be the main reasons not to
develop their attitude and behaviour.

Recent awareness regarding the Pandemic outbreak of Corona
virus disease (COVID-19) is extremely important due to its
pathogenic and contamination nature because it is caused by a
virus, SARS-CoV-2. Currently, COVID-19 has caused global
health concern. Human to human transfer by contact or through
the aerosols from sneezing and coughing is widely confirmed. To
reduce the transmission of current outbreak, lockdown emergency
is going on including banned the international and domestic
flights and social distancing, etc., World Health Organization
(WHO) gives a general advice on how to comply with ‘social
distancing” while also fulfilling family and work responsibilities
and provides guidance on the hygiene measures to protect
someone from infected patients. All the students must have to
follow the points in future and make their attitude to continue
with these habitats:

* Wash hands with soap and water before and after meal
for at least 20 seconds.
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Wash hands with soap and water after toilet and urination_
ash he

Maintain good respiratory hygiene- (COVEI:S mOu’_ch and
oE;e when coughing or sneezing and immediately disposes

n

of tissues and wash hands).

« Use alcohol-based (>70%) hand sanitisers when necessary,

e Provide basic knowledge about how sanitisers and soap
kills the virus (SARS-CoV-2).

¢ Avoid touching eyes, nose and mouth.

* (lean and disinfect surfaces you use often such as bench
tops, desks and doorknobs.

* Increase the amount of fresh air by opening windows or
changing air conditioning

* TFrequent cleaning of work surfaces and touch points such
as door handles etc.

* Use mask when it is necessary to go outside.

The maintenance of personal hygiene is of great importance
to decrease the trouble of not only COVID-19 but also from any
other infectious diseases.

Emphasis on Home School

Recently, the COVID-19 Pandemic has altered the education
system all over the world. Globally, due to Pandemic situation,
billions of students are out of their usual classrooms teaching. As
a result, education has changed noticeably, with the characteristic
rise of e-learning, whereby teaching is undertaken remotely on
E‘Sltsl platforms. Re.cent research suggests that online learning

as been shown to Increase retention of information, and take

l : .
€ss ime [2]. While si)me peoples believe that the unplanned and
nline 1 i

leve that a new hybrid model of digital
porge with significant benefits. According to

ang Tao, Vice-Prac:
?f Tencent Edui Pre51dent of Tencent Cloud and Vice-President

ation ~ : ;
' education w; bzrtlu "f}}: ® Integration of information technology
wil] ¢ventually becorm;Er accelerated and that online education

an integral component of school
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education”. Again, according to Dr. Amj.ad, a Professor at the
University of Jordan, who has been using Lark to teach his
students, says, “It has changed the way _of teaching. It enables
me to reach out to my students more eff.lciently and effectively
through chat groups, video meetings, voting and also document
sharing, especially during this Pandemic. My students also find
it is easier to communicate on Lark. I will stick to Lark even after
Corona virus, I believe traditional offline learning and e-learnin

can go hand by hand” [2]. There are, however, challenges to
overcome online learning. Some students without reliable Internet
access and/or technology struggle to participate in digital learning;
this gap 1s seen across countries and between income brackets

within countries. Hence, schools, college, university or government

authorities should think about this matter seriously in near future
for uniform e-learning [2]

- For those, who do have access to the
right technology, there is evidence that learning online can be

more effective in a number of ways. Some research shows that
on average, students retain 25-60 per cent more material when
learning online compared to only 8-10 per cent in a classroom.
This is mostly due to the students being able to learn faster online;

e-learning requires 40-60 per cent less time to learn than in a
traditional classroom setting because students can learn at their
own swiftness, going back and re-reading, skipping, or accelerating
through concepts as they choose [2]. But the effectiveness of
online learning varies amongst age groups. BYJU’s Mrinal Mohit
says, “Over a period, we have observed that clever integration
of games has demonstrated higher engagement and increased
motivation towards learning especially among younger students,
making them truly fall in love with learning”. It is clear that this
Pandemic has completely disrupted the education system, while
Some worry that the hasty nature of the transition online may
have hindered the goal, others plan to make e-learning part of
thgir Mew normal’ after experiencing the benefits first-hand [2].
Like, €-Commerce post-SARS, it is yet to see an inflection point
OT rapid innovation occurs in case of e-learning post-COVID-19.

The horror of COVID-19 outbreak has shut-down schools,
CO”?BQS and universities in India. Preliminary data analysis about
Onhr?e teaching indicates that it is a non-starter for most students
and institutiong in India. Maximum students of India comes from
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al or urban area, where less ossibilj
adlagan ClaISSt;;ELtl.mAlc?uaﬂYf it is easy to connectp i
access :101’;1; cEing others through the Internet would e tough
frtﬁtji;;;'tal divide should be evid(?ntFin teaE:h.iIng gesources. but
every student must have access to it. Few i1'3'1'1‘71 €ged educationg)
institutions in India have good platform o e—learm.ng because of
their maximum students come from a creamy society but othey
have to struggle with inequality for successful Implementation of
digital drive of e-learning at home. _quever, Internet access ot
home is pitifully low in India. This is a combination of low
Internet coverage in India as well as the fact that many householdg
do not own smart phones that can get them on the Internet. Ag
the COVID-19 infections rise in India, and there is justified
pressure to keep educational institutions closed, one must be
mindful of these numbers when suggesting online teaching,
While the long-term strategies may involve increasing ethernet
connectivity, or subsidising data on mobiles, it would seem that
device ownership is as much a worry, especially for children
coming from rural places. If universities remain closed for a long
time, it is important for the universities to subsidise cheap smart
phones for students to get on with the business of teaching. This
1s in addition to any subsidies that need to be paid for bandwidth
(assuming that it is a surmountable problem). Without such help,
online teaching is a non-starter for most institutes of India.
Central-and state-governments, different NGOs and every hearty
Peoples of India should come forward and work together to solve

this inequality in the post Pandemic situation and should fulfil
the dream of digital India.

to one get of

At the time of nationwide lockdown schools, colleges an_td
universities are depending on the online mode of teaching In
order to maintain the continuity of education. Schools are
launching PpPs, conducting classes over Google meet/ Google
Hangouts,/ Zoom/Teams, and sending interactive worksheets
and videos for learning in WhatsApp or facebook groups. Even
though Internet-baged teaching is the most appropriate szP‘gi‘P
arrangement now, it has highlighted the inequalities n t 112
education System in major portion of India. A majority of tic
student Population ig being left out in the pursuit of'basre
education. Many schools, colleges and universities of India a

i

!
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using WhatsApp or facebook groups, to connect to their students
or guardians. Teache.rs ha\.re been silsked to make WhatsApp
group of all parents in their respective classes and send those
lessons so that students can learn at home. Teachers are taking
help from the central government’s digital learning portal DIKSHA,
which has lessons in multiple languages for all classes from
primary to UG/PG. Some teachers are also making videos on
practical concepts and these videos are then shared on the
WhatsApp groups to connect to their students. As for example,
nearly 50 per cent school students (of class-V to Class-XII) and
75 per cent college or university students of Medinipur
municipality, Paschim Medinipur, West Bengal, India are accessing
this facility. The students below the class-V of the above locality
have accessed e-learning facilities only 20 per cent. On the other
hand, the situation of rural students of Paschim Medinipur
district is very bad compared to students of urban area [This is
the approximate data survey by the author in his district]. Table-
1 shows the list of e-learning resources, platforms and educational
applications to help parents, teachers, school/college/university
administrators, and students during the COVID-19 outbreak [3].

Resource Generation by Teachers

School teachers have to be more conscious about their
teaching and course work generation. It may not be the same as
in practical class teaching. School teachers can sign up to provide
their teaching material to enrolled students with full and free
access or make web-based industry partners. They must be
careful about a long-term plan for web-based virtual learning
classes and accordingly design their course work. Few important
points are discussed below to sharing the knowledge and resource
management—

* Design an Online Course: Develop online course tutorial
for classroom, planning and designing online lessons
following modern and advanced educational tools.

* Be an Online Tutor: Self-practice necessary training to
teaching about online education processes. Follow several
online teaching modules like Online Learning Technology
Landscape, e-learning management tools, and
communication and creation tools.
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Educational Resources: There -
over 7000 resources On higher feducation, open schoolin e
teacher education, and technical and vocationg] skillsj
development, anyone can take help.

Open Resources for English LfII}g'uage TeaChing i
intended to support classroom activities for teachers,

COL’s Institutional Repository provides access to a large
number of resources on online learning and guides to help

teachers plan, design, develop and offer quality online

learning.

o Digital/ WhatsApp and Facebook educator information
hub may consider engaging with your students on
WhatsApp and make group. Be part of what’s happening
around the world in real-time, no matter where you are.

Build up the Longer-term Resilience of Education Systems

It is commonly accepted that countries demand well-built
education systems that advocate knowledge, life skills, and social
consistency. However, systems sometimes fail to deliver education
services in adverse situation such as natural disaster, political
crisis, health epidemic, invasive violence, and armed quarrel, etc.
Ironically, education can also lend a hand to take the edge off
the risks of such hardship and help students to succeed over the
situation despite of unremitting challenges. This is one aspect of
the kind of pliability of individuals, communities, and the
institutions that providing development to convalesce and
understanding positive change in the face of hardship. The
Education Resilience Approaches (ERA) programme applied by
World Bank Group (WBG) is an important tool in facing this
hardship [5]. This programme is designed to provide relative
analysis of resilience processes in education system based on local

Directory of Open

statistics on adversity, school-neighbourhood relations, education

thcies, .and services in adverse situation. Several countries have
(Se;%E‘IJ{S{ng Systems Approach for Better Education Results
6] WBg; 1’to analyse various aspects of their education systems
for. All’, i a21(1]11(:hed. the ‘Education Sector Strategy 2020: Learmlll’lg
invest ’fon 111}' with the aim to “Invest early, invest smartly, 2 0
educati © 2% [7]. The strategy “holds that investments :

Ion should achijeve learning for all because growth,
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gevelopment and poverty -reduction depend on the knowledge
and skills that peop”le acquire, not the number of years that they
sit in a classroom. The main theme of SABER is to provide
1earning for All’ by targeting on three main pillars; (i) “Public
access to systema_tici accurate, and comparable data on the
quality of countries educ.a-hon Rolicies and the quality of
implementation of those .pol1C1es”, (ii) “Awareness and utilisation
of these data by countries and development partners in sector
analyses, policy dialogue, and planning processes”, (iii) “More
informed global discussion and debate about strengthening
education systems to increase countries’ learning for all”. These
areas are supposed to take part in a big role in education system
reforms on both for a country and global level also. There are
thirteen domains that are currently evaluated through SABER,
and education resilience is a major domain among these. The
thirteen areas are: (i) Early Childhood Development (ECD), (ii)
Education Management and Information Systems (EMIS), (iii)
Education Resilience (ERA), (iv) Engaging the Private Sector
(EPS), (v) Equity and Inclusion (E&I), (vi) Information and
Communication Technologies (ICT), (vii) School Autonomy and
Accountability (SA&A), (viii) School Finance (SF), (ix) School
Health and School Feeding (SH&SF), (x) Student Assessment
(SA), (xi) Teachers (T), (xii) Tertiary Education (TE), (xiii)
Workforce Development (WfD). The initial focus of SABER is to
evaluate education environments by investigating the existing
documented education policies. Then assess the efficacy of these
policies and institutions in practice at the classroom level, and to
identify policy implementation gaps within and across countries.
SABER then propose a new tool to explicate the linkages between
these gaps to explore an overall systems approach. Knowledge
regarding human development and learning has grown at a
rapid pace; the opportunity to shape more effective educational
practices has also increased.

Even before the COVID-19 Pandemic, the world was living
a learning crisis. Before the Pandemic, 258 million children frgm
Primary and secondary-school age, were out of school gducatl'OE
System. Another adverse impact is of low schooling quahty'whmI
means many students, who were in school learned too little. It
can be defined as ‘Learning Poverty’. The Learning Poverty Rate
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ddle-income countries was 53 per cent before
emic, meant that more than half of a]] 10-year
old children couldn’t read and comprehend a simple story, Ever;
worse, the most underprivileged children had the worst access
to schooling leads to highest dropout rates, and the largest
learning deficits. It proves that, the world was already far behing
the target of ‘Gustainable Development Goal (SDG)’, which
include, “all girls and boys complete free, equitable and quali
primary and secondary education.” The COVID-19 Pandemic
added new challenges in this context. The Pandemic has created
a deep impact on education by closing schools almost everywhere
:n the world. It has impacted nearly 1.57 billion learners out of
school and 191 country-wide school closures, impacting 91.3 per
cent of the world’s total enrolled learners as per UNESCO
estimation up to April 20, 2020. Drop-out rates across the globe
are likely to rise as a result of this massive disruption to education
access [8, 9]. It has created a severe dent to all education systems
in our lifetimes. The damage will become even more rigorous as
the COVID-19 pandemic will be translated into global recession.
Out of school, children are more likely to be exposed to risks like
child labour, family violence, forced marriage, trafficking and
exploitation and so many. For the most vulnerable children,
education is life saving drug, it also inculcate hope for a brighter
future. However, it is possible to counter this damage, and to turn
emergency in to opportunity. The first step is to manage effectively
with the school closures, by protecting health-safety and doing
what. they can to prevent students’ learning loss using remote
learning. Secondly, countries need to start planning for reopening
gfr Dschool Wlth. a proper framework. That means prevenhng
techpn(;uz ensuring healthy school conditions, and usmgdne‘tt;
e baf:lk Eii to }};Jromote rapid learning recovery, once t}}e stuaen
o Systemsc 01(_)\1 Teachers have a major role in frami
and e £ » within the school as well as the governmen
O implement them effectively at earliest. An

i d during
e . . i
Ockdown, continuing education through alternative Jearning

athw

Ii)“tel'ruagtsiorr]in*:s,c 2 50 be a top priority right now, to i e t’clrl1 ;

need to gy © education is as limited as possible. We Ufge“rg

commumcatippm‘t teachers, parents/caregivers, innovato t(;
ons experts and all those who are positioned

in low and mi
COVID-19 Pand

t systemsx
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provide education, whether through radio programmes, home-
schooling, online learning and other innovative approaches

The list of e-learning resources, platforms and educational
app]ications below to help parents, teachers, school/collegei
university administrators, and students during the COVID-19
outbreak [3].

Digiml Learning Management Systems
e Century Tech
e ClassDojo
e Edmodo
e [Edraak
» EkStep
* Google Classroom
e Moodle
* Nafham
* Paper Airplanes
» Schoology
e Seesaw
e Skooler
Systems Built for use on Basic Mobile Phones
¢ Cell-Ed
* Eneza Education

e Funzi
« KaiO5
* Ubongo

* Ustad Mobile
External Repositories of Distance Learning Solutions
* UNHCR
* UNEVOC Resources
* Organisation international de la Francophonie
* Koulu.me
* Keep Learning Going
* Global Business Coalition for Education
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European Commission Resources

EdSurge
Education Nation

Brookings Common Sense

Learning

Education Commonweatlh of

Massive Open Online Course (MOOC) Platforms

Alison
Canvas
Coursera

European Schoolnet Academy

EdX

iCourse

Future 8. Learn
Icourses

TED-Ed Earth Schoo
Udemy

XuetangX

Self-directed Learning Content

British Council
Byju's

Code It

Code.org

Code

Week

Discovery Education
Duolingo

Edraak

Facebook Get Digital
Feed the Monster
Geekie

Khan Academy
KitKit School
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 LabXchange
e Mindspark

e Mosoteach

e Music Crab
e OneCourse

e Polyup

e  Quizlet

e Siyavula
e Smart

e History

* YouTube

Mobile Reading Applications
e African Storybook
e Biblioteca

 Digital del Instituto Latinoamericano de la Comunicacion
Educativa

e Global Digital Library
e Interactive
¢ Learning Program
e Reads
e Room to Read
e Story Weaver
e Worldreader
Collaboration Platforms that Support Live-video Communication

e Dingtalk

e Lark

e Hangouts Meet
e Teams

e Skype

e eChat Work

* Whats App

e ZooOom
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Tools for Teachers to Create of Digital Learning Content
e Trello
e Squigl
e Pear Deck
e Nearpod
e Kaltura
e EduCaixa
e Ed Puzzle
e Buncee

e Thinglink
Regular Basis Online Counselling

The Pandemic has radically changed the concept of traditional
education in the past few months and virtual learning will be the
new future of education. Before the Pandemic, technology was
just considered as a means of entertainment. Today, keeping
teachers and the students engaged in learning process has
become the priority during lockdown, and virtual classes have
proved to be helpful in these difficult times. This powerful
medium has diversified the field of teaching. Earlier, teachers
were not so familiar with online teaching at the school level,
except for the computer lectures. Now, along with teachers, every
profession has chosen the virtual platform, providing precious
opportunities to both new learners and experts. There appears
to be no deficiency of online resources of academic value. And
therefore, online teaching is more an opportunity than a challenge
for teachers today. Mental health of students is the topic of major
concern during COVID-19 Pandemic, especially when school
and colleges and other academic institutes are closed due to “Lock
DOV\{n’. The overall education is not only dependent on academic
curriculum but also on his mental health. Disturbances in the
mental health have an extreme negative impact to a student and
?1}120 g;ile .Comml%nit){. Today’s student is the future citizen of
serving v;g;,o E;nt]ilbu;['mg to the devglopment of a nation by
Elarira fin ment;? ﬁs 111;6 teacher, engineers, doctors, nurse, etc.
- orl?an o ealt of- the students has to be given at most

P ce. Till date, there is no proven treatment to manage the
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Novel Corona virus disease, though some vaccines are in trial,
lockdown is the only option available to slowdown the rate of
spreading the infection by restricting community-infection path.
In this process, all the education institutes suddenly were declared
‘locked down’. The students were in different phases of their
academic year. It is well known that the students experience lots
of stress especially before and during the examinations [10, 11].

The students were preparing the examinations especially the
entrance examinations for years together. For example, in India,
NEET is the common entrance examination to enter into the
professional colleges. Students will be preparing for this exam
since two years as the scores will decide their admission criteria.
Some students might be allotting an extra year to get through the
entrance examinations. These students are in high anxiety because
their pre-examination phase will prolong till they complete their
examination, further, as there is no proclamation of the date of
exam. There is quiet improbability about their future. Parents
may add up more anxiety to the system, as they are equally
undergoing stress regarding their kid’s career in future. Though,
many of the educational institutes have launched online classes,
adaptation of the student to the sudden change from habitual
teaching method to a new system is stressful. This is true chiefly
in case of the slow learners. The fear of Corona Pandemic will
add up to their stress. There for, the need of psychiatrist, in this
circumstance to keep the mental balance of the students is
extremely necessary. Every educational institution may think of
establishing a mental health cell, or student counselling centre
that comprises of psychiatrist(s) or psychologist(s) with a proper
management system. Regular online counselling should be planned
along with the online teaching classes. Importance should be
given to counsel the parents with equal importance along with
students. Regular monitoring of the stress levels using different
online tools can be done to prevent the student to enter into the
state of depression. And teacher, who is a pivot of this whole
system, simultaneously be counselled in handling the students
with the new teaching process. The student should be priory
convinced that there will not be any loss of academic year. The
entrance examinations may be planned to conduct online as
majority of the universities/institutes throughout the world is
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ing the same. The cmmsclling t:'ull. Hlmu!c,l ;ll:q()
after the lockdown as il takes time for
If after the long, U nexpected break
offering counselling to the
keep the students mentally sou nd and
do well in personnl and pl‘ol"c:‘aslionnl life. lor «cxal‘nplﬁh li)qllpl.’mlcl
student’s mental health c_lurn}g the Io_ckflow.llw the & tuclent
Counselling Unit (SC’U) of Unit-Forl I.-lar(_.t Umvcrm't}f gUI'I"lU)‘h"nH
noved its services to an online platform [13]. By vu-i!tmg the S(,U
facebook page, students arc able .to engage. WlEl1 qunhf:gd
Psychologists in a safe and confidentml' space. 1 hc' sCU nll" L{I:H
University 1S managed by a psychologzst on a c|a||l){ bas:..q. l.hc
platform allows psychologists from the unit to participa le in live
chats and offer one-on-one assistance via privale online sessions.
Psychological advice on how to manage lockdown related stress
and anxiety is also shared on the page. The SCU also suggested
their students to stay connected with their peers, share study
materials and approaches in order to feel connected with like-
minded people. They also suggested some following tips [13] to
their students to remove Stress during and make on¢ feel goal-
directed during lockdown.
e Topreparea special routine during
it.
¢ Planning of study sessions and including break time.

follow
o students cven
alise himsc
ous monitoring,

already
monitor th
the students to norm
of his studies. Contint
needy students will help to

lockdown and main tain

e Self-care is an important aspect
e Never stay in empty stomach, intake meal in regular time

e Drink sufficient water time to time

. LlStEl?lI‘lg to good music and engaging in dance once in
a while can have a positive impact on mental health

. Not.spending too much time on social media, especially
at night, as this may lead to sleep problems and fatigue.

I? our India, CalE:utta University has started free onlitie
Eiyc ;?rlgsg 1c31 o unselling [14_] service for all its students to beat
als}(; issuesd qué‘img lth‘e (.:OVID'19 lockdown. The university has
b w1(1 ) chtil ar with the name and number of the faculty
GotnE Al EER 1e students may call at specified time slots for

g services. Thirteen teachers—five from the Department
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of Psychology and eight from the Department of Applied
Psychology—is provide counselling session to students of
undergraduate and postgraduate courses available for 12 hours
daily. _

Teaching to Children of Migrant Labour

Refugees, displaced and migrant children, often fall between
the cracks as national policies might not necessarily include
these helpless groups. They must be included and provided for
in any global responses to this crisis. While, we are practising
social distancing, and trying to practice work from home, in
the hope of a better tomorrow, there is a possibility that a
significant number of children would appear as victims of such
measures. One impact would be an increase in the number of
child workers. Along with the health crisis, the Pandemic has
generated a huge shock on the economic and labour market.
And millions of child labour would be in vulnerable condition
which needs serious attention. According to ILO (International
Labour Office), the Global Estimates of Child Labour: Results
and Trends (2012-2016) presented in Geneva in 2017 [16],
there were 152 millions child labourers worldwide, of which
73 million were in hazardous work. Among these 152 millions,
88 million are boys (58%) and 64 millions are girls (42%).
Among these children, 48 per cent are 5-11 years-olds, 28 per
cent are 12-14 years-olds and only 24 per cent are 15-17 years-
olds. In another statistics, 70.9 per cent of these children were
engaged in Agriculture sector, 11.9 per cent in Industry and
17.2 per cent in Service sector. If we do address this issue with
immediate and accelerated efforts, we are going to lose the
battle of eliminating all forms of child labour by 2025, a
commitment under the SDG. And the bare fact is that, a very

large number of children in child labour are completely
deprived of education.

Children of the age group 5-14 years, there are 36 million
are in child labour who are out of school, which is 32 per cent
of all those in child labour in this age range. It is one of the
most important indicators to address of the impact of child
labour on sustainable livelihood prospects. The crisis created
by the Pandemic of COVID-19, will push millions of vulnerable
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; specially the children of migra
children into child labou.i, OI;’ Indig,, has also declaredg ftor}’
The Governmen . _ _ or a
labour. e school closure. UNCESCO also estimates that
counh;l}"é"zl ciore learners are had an effect of it, of which 162
aroun re boys 15.8 crore are girls. The bulk of these students
cr-ore z:.oued in primary and secondary schools (86%), followed
Eletit:tiary (10%) and pre-primary (4%) level of education [g].
G)gvernments have adopted a variety of' hi-tech, lowfv—tech and
no tech solutions to assure the continuity of lear.nmg during
this period. Most of the focus has been on online learning
platforms, though nearly half of our'country has.no Internet
access. We can’t think about Internet in case of children living
in remote village, staying at foot-path or in slams. The MHRD
(Ministry of Human Resource Development) of Govt. of India
has suggested that all schools should connect with their
students through digital platforms to compensate for the loss
of school hours. But the fact is that, as of now, mostly private
schools (Generally CBSE and ICSE affiliated schools) and
selected Govt. schools like Kendriya Vidyalaya have started
online classrooms. However, most state government schools do
not have the technology and equipment to provide online
teaching. Moreover, the majority of students do not have
access to internet, smart phones or a computer. Therefore, a
large number of children studying in public schools remain cut
off from online education. The Lock Down will inexplicably
affect children who already experience barriers in accessing
education. This includes children with disabilities, students in
remote locations, children of migrant workers, and children
fI'-OH_I the poor family. The millions of children who will be
victims of the COVID-19 Pandemic need immediate attention
from states and communities. The starting point should be the
parents; coordinated policy efforts should be taken income
Support to all informal sector workers, migrant workers to
Stl_mlfléte their family needs. As a direct measure, states should
};ﬁlorltl§e efforts to continue education for all children, using
to :;’gf:;letﬁchnology. But school teachers have a vital r(?lﬁ
students in eds Issue. Teachers have the direct rela‘tl.on__ wit
discuss with ucation process. So, they will take initiative to
Ith school authorities and need to ensure that every
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student will have free lunches at home until schools open.
Special efforts should be taken to identify children orphaned
due to COVID-19, and arrangements of shelter and foster care
for them should be made on a priority basis. Apart from
teaching process, teachers have a roll to support the Govt.
policies adopted during this Pandemic period. States are also
working on food distribution to all Govt. school children. For
example, while Kerala and Delhi governments are delivering
food packets as a part of mid-day meals for government school
children at their doorsteps, West Bengal and Andhra Pradesh
are providing dry rations to children. But distribution of foods
in terms of food packets or dry rations can be smoothly
organized with the help of teachers. Another hard problem for
migrant children is to adopt the language of education. As
their parents are migrant labour, they have to move around
with their parents, thorough the India, which is multilingual
country. In COVID-19 pandemic, when most of the migrant
labours are coming back to their home state, both students and
teacher will face a problem to use the common language for
education. Kerala [16] can be a model in this situation.
Kerala’s economy is dependent on migrants. Kerala sending
out large numbers of workers overseas (2.4 million in 2013,
based on a May 2018 report by the Centre for Development
Studies) it needs migrants from other Indian states for Kerala’s
economic activities. The exact number of migrants coming to
Kerala is unknown. According to 2017 estimations by CMID,
(Centre for Migration and Inclusive Development, an
Ernakulam-based non-profit organisation) as much as 11 per
cent of the population of Kerala) would be migrant and the
figure may turn to 3.5~4 million. The Kerala Government has
been more proactive compared to other states to address
situation as their economy is directly relate to it. There are
three types of migrant workers at Kerala; those who come for
work and settle down, those who look for work temporarily,
and seasonal migrants, and the migrant due to natural
calamities. The migrant student drop-out rate depends on the
nature of migration. The problem starts with the language
barrier first. Kerala Government through Sarva Shiksha

Abhiyan (SSA) has appointed a large number of volunteer to
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help these students unfierstand Malayalam, which g "
medium of education in all Government schools, These
measures will no doubt respond to the emergency created be
COVID-19 directly or indirectly to some extent. However 1};
is clear that more needs to be done to prevent childrep fré)m
lapsing into child labour and teacher as a main

) plllar of
education system, has a major role to address this situation,

Role of NSS Volunteers in COVID-19 Outbreak

Maximum schools, colleges and universities of India have
National Service Scheme (NSS) volunteers since 1969. The number
of NSS volunteers was 40,000 in 1969 and 3.8 million in March
2018. A NSS volunteer is a student of school or college or
university who has enrolled his/her name in the National Service
Scheme. The roles of the NSS volunteers are very significant
according to the National Service Scheme because they are the
main beneficiaries of the programme. It provides the opportunity
to the youth students of class-XI and XII in schools and graduate
and post graduate students of colleges and university level of
India to take part in various community service activities and
programmes. The slogan of NSS is Not Me But You [4]. The NSS
programme aims to encourage social welfare in students, and to
provide service to society without bias. NSS volunteers work t.o
ensure that everyone who is needy gets help to enhance their
standard of living and lead a life of dignity. In doing SO,
volunteers learn from people in adopted villages how to lead a
good life despite a shortage of resources. The first thing NS5
provide is to develop their own thought process by doing
(:t?rmnunity services. Society is a group of persons who may have
different ideology. NSS volunteers through their skills and
dedication build it a homogeneous ideological group- NS5
EOlunte?rS. also provide help in natural and man-made disasters

Y providing food, clothing and first aid to the disaster v1ct1m;-
NSS volunteers take care of cleanliness, blood donation, hea ;
awareness issues, child education, and many other activities. NS1
]@Sm]il(:::gr?ntr}{]ing to bring smiles on innocent facessgzgiges
its Voluntee%- a ) deCIIJ rived Wlth. Gaeation. I thl.s wey B student
et undgeoo human being. While studying, these which

rtake community development activiti€s
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help to build their personality as well as develop the belongingness
towards the society. The NSS volunteers are performing the role
of mediator between the education system and the community
which is helpful for the nation building. They are developing their
qualities of leadership, skills to become an organiser, and an
administrator and to attain the multi-faceted development of
their personality as a whole. Whenever there is a need, the NSS
volunteers appear themselves to serve the nation. NSS volunteers
always take up relief and rescue operations on priority whenever
a natural disaster occurs in any part of the country. It may be
the issue of environment enrichment, malnutrition, immunization,
or the issue of natural disaster; NSS volunteers are becoming the
saviours for the victims [17].

Recently, Maximum NSS volunteers with their NSS
Programme Officers and Coordinators have completed iGOT
(Integrated Govt. Online Training) courses about COVID-19
Pandemic on DIKSHA platform. There are different iGOT courses
about COVID-19 like Basic of COVID-19, Infection Prevention
and Control, Clinical Management of COVID-19, ICU Care and
Ventilation Management, Infection Prevention through PPE,
Management of COVID-19 cases, Quarantine and Isolation,
Psychological care of patients with COVID-19, etc. The trained
. volunteers are also trying to attract the attention of the other
students of the school, college or university towards these courses
about COVID-19 outbreak awareness activity.

National Service Scheme (NSS) volunteers in India have taken
up different awareness activities about basic infection, prevention
and control of COVID-19 in war-footing basis to the common
people in the lockdown period of COVID-19 Pandemic. Different
NSS units across the India are fully involved in the relief activities
to the poor. The NSS volunteers are sanitising the affected area,
preparing food packets for the flood victims, running common
kitchen and distributing medicines. The NSS volunteers and other
functionaries are distributing food packets to the affected people
at various places and are also helping in rescue operations with
the health workers. They are collecting items of daily uses like
dry ration, drinking water, clothes, soaps, medicines, safn.tary
napkins, milk powder, bleaching powders, hand wash, sanitisers
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otc. These volunteers work tirelessly to mobilise relief ma ter?als
and work for the smooth distribution of the col!ccted Tl"lElt‘eI‘lE.IlS
in the affected area in close coordination W1th_ the dlSl’I‘}Ct
administration. They are also collecting money for l'he_ .PM Relief
Fund and CM Relief Fund of different states of Indla: As for
example, Md. Salauddin Ansari, a NSS volun-teer .(Umt—III) of
Achhruram Memorial College, Jhalda, Purulia, West Bengal,
India participated in different COVID-19 related activities [see
Fig.-1] to aware and help the common people. At present about
41 lakh volunteers are enrolled in this programme in 426
universities of India covering about 32000 institutions. NSS nodal
or programme officers circulate and forward materials including
COVID-19 facilitators guide, packet book and awareness posters
etc. to all NSS volunteers and then they in-turn forward these
materials through email, whatsapp and other social media
platforms to all other NSS volunteers and students of University/
Directorate/college/schools/institutions to propagate the right
messages on Corona virus and clear all myths, misconceptions,
stigma and discrimination about COVID-19. At this critical
juncture, NSS play the prime role to spread the awareness
through online and one to one personal communication about the
importance of hand hygiene, respiratory hygiene and minimum
1 metre social distancing in the public places. Students of the
National Service Scheme are not discouraged by the lockdown,
and are doing their bit by spreading awareness on COVID-19 via
posters, videos, quizzes, etc. The N'SS coordinators
their responsibility to train volunteers about mask preparation,
hand sanitiser preparation or the simple practices such as
converting old newspapers into little napkins that can be used
to open the gate or correct method of sorting groceries and even
ways to handle those under home quarantine. Also some

educational institutions have started creatin 1 i
a ¢ aling quizzes or webinar
about COVID-19. 1

are performing
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Fig. 1: Some COVID-19 related NSS activities performed by

Md. Salauddin Ansari, NSS volunteer (Unit-III) of Achhruram
Memorial College, Jhalda, Purulia, West Bengal, India.
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National Service Scheme in India keeps a well tuned relationship between stake holders
of academic institutions and communities from its inceptions. Researches and academic
discourses are the plethora for strengthen one concept and practices. Contributors of this
edited volume have direct experiences, erudition and vision at different levels like Program
Coordinators, Program Officers, NSS Volunteers and Researchers also cutting across the
interdisciplinary cross sections. This volume has the certain potentialities to usher and
extend ideas and concept for further practices and support newly taken initiatives to establish
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Chapter 10 )
Mapping and Reclamation of Wastelands
in Drought-Prone Purulia District

of West Bengal, India Using Remote

Sensing and GIS

Manoj Kumar Mahato(® and Narayan Chandra Jana

Abstract Wastelands mapping and reclamation studies has been carried out in
Purulia District in western most part of West Bengal, India using high-tech tools
of geoinformatics. Purulia District provides vast tracts of wastelands, which covers
28.41% of total wastelands area of West Bengal and 7.51% of total geographical area
of the district in 2015-16. About six categories of wastelands were identified, viz.
Badland wasteland, Gravelly wasteland, Mining & Industrial wasteland, Rocky or
stony wasteland, Degraded forestland, and Degraded land under plantation crop. The
main objectives of the present research are to study the spatial distribution of different
types of wastelands and to suggest the appropriate measures for the reclamation of
various categories of wastelands. The wastelands of the Purulia have been identified
and categorized through the SOI toposheets of 1:50,000 scale, SRTM DEM LISS-
III, Landsat-8 OLI/TIRS C-1 Level-1, and Google Earth images by GIS software’s
with rigorous field survey. Based on the analysis of secondary and primary data and
information the authors in the present context have given appropriate suggestions
toward the reclamation of Wastelands of Purulia district.

Keywords Wastelands - Purulia District - Geoinformatics - Spatial distribution -
Reclamation

10.1 Introduction

Land resource is a precious natural resource and it functions as a key for the suste-
nance of humankind (NCA 1976; De and Jana 1997; Ramachandra 2007; Rawat et al.
2018). Excessive exploitation of land resources results in a significant change of the
landforms, which has unfavorable effect to the environment (Rawat et al. 2018). The
excess population pressure, growing industrialization, rapid urbanization, and exten-
sive agriculture have put abundant stresses on land properties, resulting into the signif-
icant reduction of agricultural land and other natural resources (Grunwald 2013).
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Enormous population pressure is also guiding to deforestation and natural resource
degradation that has distressed environmental balance of terrestrial systems (Chan-
dramohan and Durbude 2002; Sharma et al. 2007). Land is turning into wasteland
due to various natural and anthropocentric factors like rainfall deficit, drought condi-
tions, soil erosion, wind erosion or deposition, water logging, salinity or alkalinity
of soil, floods, deforestation, and unscientific techniques of cultivation (Crosbishley
and Pearce 2007; Basavarajappa and Manjunatha 2014).

Wastelands are denoted as degraded land and recently laying unutilized (NRSA
2007; Chaturvedi et al. 2014; Basavarajappa et al. 2015; Sreekala and Neelakantan,
2015) due to inherent or imposed incapability related to geographical location, envi-
ronment, soil fertility, water availability and current financial constraint (NRSA2007;
Basavarajappa et al. 2015). National Wastelands Development Board (NWDB 1987)
defines wasteland as degraded land which can be brought under the purview of vege-
tative cover by reasonable effort, and which is currently underutilized; deteriorating
for lack of suitable water and soil management or on account of natural causes
(Rao et al. 1991; Kohli et al. 2018). National Atlas and Thematic Mapping Orga-
nization (NATMO 2010) have expressed their views regarding wasteland as “those
areas which are not utilized to their full potential and whose productivity could be
increased by making reasonable efforts and investment”. Different sectors define the
wasteland according to their land use pattern. Agriculture land lying fallow for more
than two years can be termed as agricultural wasteland (NCERT 2016). Lands under
the control of Revenue Department are not fit for agriculture lying barren can be
termed as Revenue wasteland (Singh 2012). Similarly, grasslands and lands under
the control of Forest Department, which do not have tree cover, can be termed as
forest wasteland (Luna 2006; Chaturvedi et al. 2014).

Although there are different perspectives on wastelands marking but it is largely
accepted that wastelands are the areas which are underutilized and which produce
less than 20% of its biological productivity (Mishra et al. 2013). The wastelands
have characterized degraded, fallow, uncultivated, and common land as (i) lands not
obtainable for cultivation, barren, and uncultivable wastes, (ii) other appendicular
land apart from fallow, permanent pastures, culturable waste and land under various
trees, (i11) fallows under wastelands.

The drought-prone Purulia District in West Bengal, India provides no exceptional
picture from the previously mentioned scenario. High rate of deforestation, unscien-
tific plantation, water crisis, and lack of irrigation facilities are mainly responsible
for the formation of vast tracts of wastelands in the study area. According to Waste-
land Atlas of India 2019, the total wasteland in West Bengal in 2015-16 was 1654.99
km?, of which Purulia alone has 470.19 km? (28.41%). Land degradation and drought
condition are the serious problem of the study area, which can accelerate the amount
of wasteland. These problems can be controlled by conserving land surface and
ground water in the wasteland area (Rawat et al. 2018) as well as through scientific
tree plantation programs (Dwivedi et al. 1997; HARSAC 2006) on wastelands in
rocky and shallow deep soils. Thus, the current and appropriate information about
the location and spatial arrangement of vacant or wastelands has played an emergent
role for better planning of trees and treatment to exterminate the negative effects
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of land degradation (Contador et al. 2008; Nawar et al. 2015). Hence, there is a
significant requirement for wasteland identification and reclamation in many coun-
tries around the world (Chandramohan and Durbude 2002) and also in the district of
Purulia of West Bengal.

Recent developments in geographical mapping consent the researchers to work
out the location aspects and distribution pattern of land use/land cover (LULC), which
is shown in more accurately by using geospatial techniques (Saha et al. 1990; Sugu-
maran et al. 1994; Rao 1999; Singh 2006). Numerous studies have recognized the
applications of RS & GIS in natural resources monitoring and management (Pramila
1994; Metternicht and Zinck 2008; Mulder et al. 2013). The satellite imageries are
currently being used extensively in mapping of various land features with the help of
GIS technique (Basavarajappa and Dinakar 2005), such as LULC mapping (Singh
et al. 2014; Srivastava et al. 2014), LULC modeling (Singh et al. 2015; Mustak et al.
2015), groundwater (Singh et al. 2010), lake and wetlands (Thakur et al. 2012a, b),
crop suitability (Mustak et al. 2013), slope estimation (Szabo et al. 2015), landscape
ecology (Singh et al. 2017), urban land use dynamics, forest mapping (Singh et al.
2012), soil characterization (Paudel et al. 2015) and watershed management (Yadav
etal. 2014). Further, Remote Sensing technology has proven its application in waste-
land assessment and its temporal monitoring (Jain et al. 1991; Barchyn et al. 2014).
Wasteland reclamation and development can be possible by RS & GIS technology
and accurate field monitoring, through appropriate strategies (Breunig et al. 2008;
Basavarajappaetal. 2016). The present study has been adopted to investigate different
wasteland categories and their reclamation in Purulia District using applications of
RS & GIS and conventional data.

10.2 Materials and Methods

10.2.1 Study Area

Bounded by the latitudes of 22°40" N to 23°42’ N and longitudes of 85°49" E to
86°54’ E, in the eastern fringe of the Chotonagpur plateau (Fig. 10.1), funnel shaped
Purulia District is located in the western part of the West Bengal. It is surrounded by
the state of Jharkhand in north, west, and south; and in the eastern part by the districts
of Barddhaman, Bankura, and Jharagram of West Bengal, India. Total geographical
area of the district is 6,259 km?.

Various stratigraphic units ranging from the oldest Archaeans (Pre-Cambrian) to
the younger Tertiary-Quaternary formations constitute the study area (Dunn 1929).
Topographically, this area is very much diversified with dome-shaped inselbergs,
spurs, escarpments, undulating upland, and erosional plain (Mahato and Jana 2019).
As a part of the Chhotanagpur Granite-gneiss tract, the Purulia did not experience
any severe diastrophic disturbance in its long geological history, but it could not
escape the impact of orogenic forces (Dunn 1929; Singh 1969; Ray 1982; Ghosh
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Fig. 10.1 Location of the study area

2012). The study area occupies the eastern part of the Pre-Cambrian Granite-gneiss
tract (Singh 1969).

Climatologically, Purulia District is characterized by sub-tropical Monsoon type
of climate with very high day temperatures during the summer months reaching up
to 46 °C, whereas the winter months are plentiful cooler with lowest temperatures
of up to 3 °C (Bhattacharya et al. 1985). The evaporation rate of the district is very
high during the summer months due to the mean monthly average temperature of
32 °C, while the mean monthly temperature of the winter months is 13 °C. The
mean long-term annual rainfall for the period of 1960-1961 to 2014-15 is 132 cm
of which 80% rainfall occurs during June to September (Bhattacharya et al. 1985;
Datta and Chakraborty 2015). The soil of the area is infertile laterite and red gravelly
type, which is characterized by infertile, unproductive, erosion prone, lack of soil
nutrients, and lower water holding capacity (NBSS and LUP 2010).

10.2.2 Lithology

In eastern fringe of Chhotanagpur gneissic complex, Purulia District generally repre-
sents an Archaean complex region (Dunn 1929). The parent rock of this area is
Granite-Gneiss with its varying composition (Dunn 1935). The entire study area is
covered mostly by Chotonagpur granite gneisses (Dunn 1929), which include quartz
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biodte granite gneiss, prophyroblastic granite gneiss, massive granite composite
gneiss, augen gneiss, and migmatites (Chatterjee 1946). The Chotonagpur granite
gneiss holds the enclaves of metasedimentaries that include mainly the mica schists,
garnetiferous sillimanite biotite schist, amphibolites, etc. (Baidya et al. 1987). The
Lithology and Structural elements map of the Purulia District (Fig. 10.2) shows that
most of the area (71% of the total area) is covered by Chotanagpur granite-gneiss.

Structurally the studied area is considered as one of the ancient (Pre-
cambrian/Proterozoic) stable landmass of the Indian Peninsula that has not been
affected by any folding movement created within the earth during later geological
periods (Ball 1981). Tectonically, the study area is an old land surface, which suffered
tectonic turbulences due to Gondwana drifting from Permo-Carboniferous to Jurassic
period (Singh 1969).

The Pre-Cambrian, the oldest rock formed at the lowermost, which was the most
dominant among the various rock types. In Permian age, lower Gondwana rock
groups such as Sandstone and Shale of Kulti Formation and Coal bearing sandstone
and shale of Raniganj Formation situated over the Archaeans rocks. The upper Gond-
wana rocks of Triassic and Lower Cretaceous age are Sandstone, Clay and Shale of
Panchet Formation, Red sandstone and Red clay of Mahadeva Formation and Clay
with caliche concretion of Sijua Formation deposited unconformably over the lower
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Gondwana in the northeastern part of the district, i.e., along the Damodar River
(Geological Survey of India, Kolkata 2001) (Fig. 10.2).

10.2.3 Topographical Characteristics

Purulia district is formed steeply sloping from west to east between the Chhotanagpur
plateau and the Damodar plain. In terms of topography and structure, Purulia is a
fragment of the Ranchi peneplains (Singh 1978). The elevation of different parts of
Purulia ranges between 78 to 699 m above the mean sea level with its great diver-
sity of the polycyclic landscape through the undulating Archean plateau (Dunn and
Dey 1942). The diversity of landforms in the district has been caused by different
cycle of erosion and lithological structures. Purulia district made up a portion of the
Precambrian metamorphic terrain of the southeastern Chotonagpur plateau consisting
mainly of granites, gneisses, quartzite, etc. rocks, and Gondwana sediments. The
main hills of the study area are Ajodhya (669 m.), Panchet (643 m.), and Joychandi
(305 m.). Besides these, monadnock like residual hills, hillocks, dome-shaped insel-
bergs, spurs, escarpments, dissected valleys, and rocky out crops are general features.
The remaining part of the district is undulating and rolling land consisting of laterite.
The major lithological and geomorphic structures have exhibited striking differ-
ences in the physiography. Physiographically, this area is divided into five divisions
such as (1) Hilly tract, (i1) Highly gradient rugged upland, (iii) Rugged upland, (iv)
Moderately gradient rugged terrain, and (v) Low gradient rugged terrain (Fig. 10.3).

10.2.4 Drainage System

Originating from the hillocks of the Chhotanagpur plateau, several rivers flow from
east to west through Purulia District. Among these Kangsabati (Kasai /Cossey/
Kansai), Kumari, Dwarakeswar, Subarnarekha, and Damodar are the important ones.
The main drainage of the district is controlled by river Kasai, which drains more than
three-fifth of the district’s water. Apart from these main rivers, there are numerous
tributaries and Jora (in those channels water flows only during monsoon) in the
district. Most of the channels of the district are non-perennial which contain water
for three to four months (Fig. 10.4). The perennial rivers like Kangshabati and Kumari
are sustained water around the year but not in flowing condition. A number of Non-
perennial River, Jhor, Bandh (artificial created water body), and a few check dam
are the significant surface water bodies in the study area. All the water bodies in the
study area are depend on rainwater. During pre-monsoon period, all the water bodies
are dried up and drought condition prevails all over the district.
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Fig. 10.3 Physiographic division of Purulia District. Source ASTER DEM, September 2014
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the district
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10.2.5 Data Used and Analytical Procedures

10.2.5.1 Geospatial Data

M. K. Mahato and N. C. Jana

For detailed study, the wastelands of Purulia District, West Bengal have been delin-
eated and mapped through digital image analysis of high resolution satellite data and
digital interpretation of SOI toposheets (Table 10.1), which are verified during the

field visits.

Table 10.1 Geospatial data sources and analytical techniques

Analytical features

Data source

Techniques

Lithology Geological Map, published by | Vector mapping for different
Geological Survey of India, Lithological and Structural
Kolkata, 2001 elements

Physiography ASTER DEM, Spatial Vector mapping of different
Resolution 30 m., September | physiographic divisions
2014, USGS Earth Explorer

Drainage ASTER DEM, Spatial 1. Raster creation for

Resolution 30 m., September
2014, USGS Earth Explorer

Perennial Non-perennial
drainage system,

2. Drainage density raster
creation by Drainage
length/area in sq.km

Land use /Land cover (LULC)

Landsat-8 OLI/TIRS C-1
Level-1 (11 bands), Spatial
Resolution- 30 m, Date of
Acquisition- 20 & 29 May,
2019, USGS Earth Explorer

Land use/land covers (LULC)
classification by supervised
techniques

Wastelands Distribution

1. Landsat-8 OLI/TIRS C-1
Level-1 (11 bands), Spatial
Resolution- 30 m, Date of
Acquisition- 20 & 29 May,
2019,

2. SOI Toposheets: 73E/15,
73E/16, 731/2, 731/3, 731/4,
731/6, 731/7, 731/8, 731/10,
731/11, 731/12, 731/14, 731/15,
731/16, 73 J/1, 73 1/5, 73 J/6,
731/9, 73 J/10 on 1:50,000
scale, new edition 2010,
Source: (NakshePortal) www.
soinakshe.uk.gov.in

Overlay of Final LULC Map
and Thematic Map of SOI
toposheets through GIS
Application for Spatial
distribution of Existing
Wastelands and Zonal
distribution of different types
of Wastelands
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10.2.5.2 Reports and Records

e West Bengal District Gazetteers, Purulia, Government of West Bengal, Published
by Narendra Nath Sen, State Editor, West Bengal District Gazetteers, Calcutta,
1985.

e District Census Handbook of Purulia District: 1991, 2001 and 2011.

e District Statistical Handbook, Purulia (2013, 2014 and 2015), Published by
Government of West Bengal.

e Daily newspapers and periodicals for the information regarding the recent work
on wastelands,

e Administrative Reports regarding policy measures at the Government level toward
the reclamation of wasteland.

10.2.5.3 GIS Softwares

ArcMap, version 10.4 and Erdas Imagine, version 2013.

10.2.54 GPS

A handheld GPS Garmin-12 is used to record the exact locations and extent specific
wasteland categories in the study area.

10.2.6 Methods

Geoinformatics techniques include SOI toposheets, Remote Sensing Satellite data,
Global Positioning System (GPS), and GIS Software for mapping of forest cover,
vegetation, lithology, physiography, drainage systems, and land use/land cover
pattern in measuring the wasteland reclamation and management (Basavarajappa
et al. 2015). With the help of satellite imageries and SOI toposheets, identification
and delineation of wastelands has been done in three steps, viz. preliminary analysis,
ground truth verification, and final interpretation (Fig. 10.5).

10.2.6.1 Preliminary Analysis

Visual analysis of Landsat-8 OLI/TIRS C-1 Level-1 on 1:50,000 scale geocoded data
has been accepted for the mapping techniques of this study. In the first step, the base
map of the study area have been prepared from SOI toposheets on 1:50,000 scale
taking forest boundaries, roads, rivers, visible water bodies, district, state, and C. D.
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Fig. 10.5 Flow Chart showing an overview of wasteland mapping methodology

Block boundaries are taken from census handbooks of Purulia District and super-
imposed on the base maps. The base map and C. D. Block boundaries have been
digitized in ArcMap software. Universal Tranverse Mercator (UTM) with WGS-84
datum, 45° N Projection system have been taken to project all these maps. Satellite
images of Landsat-8 OLI/TIRS C-1 Level-1 have been loaded on ArcMap software
for visual interpretation. Based on the standard image interpretation keys like tone,
texture, site, situation, pattern, shape, size and association, images were classified
on supervised method using Maximum Likelihood Classification. By functioning
the classifier panel of the ERDAS IMAGINE, training signatures of the target, i.e.,
Wastelands were identified. In this study, certain categories of wastelands like Rocky
or stony wasteland, degraded forestland, and Gravelly wasteland are fluently delin-
eated by asset of their pattern, location, and spectral separability. Besides them,
Badland waste and Mining & Industrial wastelands are delineated with moderate
success. However, degraded land under plantation crop could not be simply delin-
eated because of its merging with fallow land, which is widely appeared throughout
the district.
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10.2.6.2 Ground Truth Verification

In the study area, accuracy has been verified on actual appearance of ground surface
with the delineated wastelands of preliminary analysis phase. Particularly the areas
where confusion in the preliminary interpretation has been thoroughly verified with
the GPS recorded data.

10.2.6.3 Final Interpretation

At this stage the interpretation of the image through ground check has also been
further developed. With the help of these, final interpretation is completed. Through
this exercise, demarcation of wastelands as well as coverage area under particular
types of wastelands has been finalized. In this way, maps have been prepared for
ready to the cartographic work.

10.3 Results and Discussion

10.3.1 Land Use/Land Cover (LULC) Pattern of the Purulia
District

Land use refers to multiple uses of land, which are directly related to human activities
(Anderson et al. 1976) and land cover refers to natural vegetation, soil, rocks, water
bodies, agricultural area, artificial land cover, and others resulting due to land trans-
formation (NRSA 1987; Basavarajappaetal. 2016). In general, land use is of arapidly
changing nature because it takes on complex forms in the context of socio-economic,
technological, and environmental changes. Land use refers to responding the advan-
tages and deficiencies of the physical environment based on human economic
potential (Bhattacharya 1965). In India, rapid industrialization, urbanization, and
massive population growth have resulted in depletion of natural resources, water
crisis, declining agricultural lands, and increasing wastelands (Government of India,
Department of Agriculture 2016; Roy and Inamdar 2018).

Delineation of various land use/land cover categories of Purulia is made using
Visual Image Interpretation Techniques on Landsat-8 OLI/TIRS C-1 Level-1 satellite
images in combination with collateral data like SOI toposheets. The major classes
of land use/land cover have been identified following the supervised method using
the bands 2, 3, 4 & 5 of satellite imageries. In the present study, a total of seven
land use/land cover classes have been taken for study which include Built-up area,
Vegetation cover, Degraded forest, Agricultural land, Fallow land, Wasteland, and
Water Bodies (Fig. 10.6). A total number of 145 section points were used to check the
accurateness of the classification. The overall accuracy and kappa coefficient value
of the classification are 96.67 and 95.87, respectively.
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Fig. 10.6 Land use/Land cover (LULC) of Purulia District. Source Landsat 8 imagery, May 2019

Most of the land in Purulia is under agriculture; nearly 50.93% of the total
geographical area of the district was agricultural land in 2019. Most of the agri-
cultural land in the district is dependent on monsoon rainfall, so these lands remain
vacant during the pre & post-monsoon season. Vegetation cover is 16.26% of the
total area, most of which is observed in the western and southern parts of the district.
The amount of wasteland is 7.54% and fallow land is 17.61% of the total geograph-
ical area. The amount of fallow land affects the seasonal diversity of the wasteland,
which is varying in different years due to the nature of monsoon rainfall and irriga-
tion condition. In addition, other land use areas are relatively less, such as 2.03% of
degraded forestlands, 3.12% of water bodies, and 2.51% built-up area (Table 10.2).
Irregular and scattered type of rural settlements is found all over the district, but in
several parts, agglomerated urban settlements are also observed.

10.3.2 Identified Categories of Wastelands in Purulia District

Wasteland is a type of land cover that can not be used for agriculture or any other
profitable purpose under the ongoing conditions of land management (Jha 1987,
Khatun and Debnath 2014). In Purulia District six categories of wasteland have been
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CT;II): I}zg;zrnliinguliielgand Land use types Area in km? Percentage

District, West Bengal (May, Built-up area 157.1009 2.51

2019) Water bodies 195.2808 3.12
Wastelands 471.9286 7.54
Vegetation cover 1017.7134 16.26
Degraded forest 127.4321 2.03
Agricultural land 3187.4495 50.93
Fallow land 1102.0947 17.61
Total geographical area 6259.00 100.00

Source Landsat-8 OLI/TIRS C-1 Level-1 imageries, May 2019

identified, they are badland waste, gravelly wasteland, mining & industrial wasteland,
rocky or stony wasteland, degraded forestlands, and Degraded land under plantation
crop (Fig. 10.7). The categories of the wastelands are identified and digitized using
SOItopographical maps of 1:50,000 scale and restructured from Landsat-8 OLI/TIRS
C-1 Level-1 satellite images of 1:50,000 scale through ArcMap and Erdas Imagine
(NRSC/ISRO 2012).
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Table 10.3 Identified categories of wasteland in Purulia District in 2019

Categories of Wasteland areain sq. | % to Total Wastelands | % to Total
wasteland km Geographical area
Badland waste 11.2790 2.39 0.18
Degraded forestland 127.4207 27.00 2.03
Gravelly wasteland 113.0268 23.95 1.81
Mining & Industrial 9.0138 1.91 0.14
wasteland

Degraded land under | 169.1864 35.85 271
plantation crop

Rocky or stony 42.0016 8.90 0.67
wasteland

Total 471.93 100.00 7.54

Source Landsat-8 OLI/TIRS C-1 Level-1 satellite images, SOI toposheets and field survey

Being the most wasteland prone district of West Bengal, the total amount of waste-
land in Puruliais 471.93 km?. (in 2019) that occupies 7.54% of the total geographical
area of the district. Out of total wasteland, Plain Degraded land under plantation crop
alone covers 35.85% followed by degraded forestland (27.00%), gravelly wasteland
(23.95%), rocky or stony wasteland (8.90%), badland waste (2.39%), and mining &
industrial wasteland (1.91%). Only three categories of wastelands, 1.e., Plain drought-
prone, degraded forestland, and gravelly wasteland jointly cover most (86.8%) of the
wasteland areas of the district (Table 10.3).

10.3.3 Spatial Distribution of Wastelands in Purulia District

The geo-database formed using ArcMap and screen digitization techniques shows
the types, extension and spatial distribution of different categories of wasteland
existing in the study area (Fig. 10.9). In respect to total geographical area, the inten-
sity of wasteland is highest in Arsha C. D. Block, which is 18.01 percent to total
geographical area of the block. Moreover, Hura, Joypur, and Barabazar C. D. Blocks
also have high intensity of wastelands covering to 16.19%, 14.43%, and 13.40% of
the total geographical area, respectively. These four C. D. Blocks cover more than
46% of the total wasteland area of the district. Jhalda-I, Arsha, Joypur, Barabazar
and Hura C. D. Blocks have more than one-half of the total wasteland area in the
district for the predominance of hill slope, escarpments, hillocks, intrusive granite
features. The C. D. Blocks that having significant percentage sharing of wasteland
are Kashipur (6.43%), Manbazar-11 (5.72%), Purulia-II (4.68%), Jhalda-II (4.58%),
Bandwan (3.59%), Para (3.17%), and Balarampur (3.01%). The amount of waste-
land in these C. D. Blocks is high due to water crisis, prolonged drought, massive
soil erosion, and extensive deforestation. Table 10.4 and Fig. 10.8 show the coverage
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Table 10.4 Spatial Pattern of wastelands in the Purulia District

SI. no | C. D. blocks Total Total wastelands | % to TGA | C. D. Block wise

geographical area | area (in Hectare) share in %

(TGA)

(in Hectare)
1 Jhalda-1 31,909 2841.0186 8.90 6.02
2 Jhalda-II 25,661 2161.4394 8.42 4.58
3 Arsha 37,504 6753.3183 18.01 14.31
4 Joypur 23,047 3327.1065 14.43 7.05
5 Baghmundi 42,795 1061.8425 248 2.25
6 Balarampur 30,088 1420.5093 4.72 3.01
7 Barabazar 41,806 5601.8091 13.40 11.87
8 Manbazar-1 40,132 1057.1232 2.63 2.24
9 Manbazar-I1 28,581 2699.4396 9.44 5.72
10 Bandwan 35,125 1694.2287 4.82 3.59
11 Puncha 33,011 1000.4916 3.03 2.12
12 Hura 38,221 6187.0023 16.19 13.11
13 Kashipur 45,131 3034.5099 6.72 6.43
14 Santuri 17,969 556.8774 3.10 1.18
15 Purulia-1 32,337 991.053 3.06 2.1
16 Purulia-II 31,010 2208.6324 7.12 4.68
17 Para 31,259 1496.0181 4.78 3.17
18 Raghunathpur-1 |20,182 1142.0706 5.66 2.42
19 Raghunathpur-1I | 19,767 1231.7373 6.23 2.61
20 Nituria 20,365 726.7722 3.59 1.54

Purulia District | 625,900 47,193.00 7.54 100.00

Source Landsat-8 OLI/TIRS C-1 Level-1 satellite imageries, SOI toposheets and field survey

area, intensity (% to TGA) and percentage sharing of wasteland according to the
different C. D. Blocks of Purulia District.

N.B.: % to GTA = Total Wastelands Area / Total Geographical Area x 100; C.
D. Block wise share in % = Total Wastelands Area of specific C. D. Block/grand
total wasteland area (47,193.00) x 100.

Table 10.5 and Fig. 10.9 show the intensity of wasteland in the district in four
grades. These grades are allocated as low (<4.00%), medium (4.01-8.00%), high
(8.01-12.00%) and very high (>12.00%). Very high range wasteland found in Arsha,
Hura, Joypur, and Barabazar C. D. Blocks. As the Arsha C. D. Block is located on
the escarpment zone of the Ajodhya hill, the steeper slope and the faster soil erosion
are responsible for the creation of wasteland. Whereas, Hura, Joypur, and Barabazar
C. D. Block are existed on highly gradient rugged upland of the district. There are
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Fig. 10.8 Amount of wasteland to the total geographical area of the Purulia District. Source
Landsat-8 OLI/TIRS C-1 Level-1 satellite imageries, SOI toposheets and field survey

Table 10.5 Wasteland intensity categorization

Range of wastelands Grades Existing C. D. Blocks

(% to TGA)

<4.00 Low Baghmundi, Manbazar-1, Puncha, Santuri, Purulia-I,
and Nituria

4.00-8.00 Moderate Purulia-II, Kashipur, Raghunathpur-I & II, Bandwan,
Balarampur, and Para

8.01-12.00 High Manbazar-II, Jhalda-I, and Jhalda-II

>12.00 Very high Arsha, Hura, Joypur, and Barabazar

several small hills in these blocks and Pre-Cambrian rocks have been exposed in
different places, which is the main reasons for the very high-level of wasteland.
High-grade wasteland is found in Manbazar-II and Jhalda-I & II C. D. Blocks
due to the presence of highly rugged topography with numerous hillocks. Besides,
the other C. D. Blocks of the district are characterized as moderate to low range
wasteland because of the capacity of the land to be used is high in the moderate to low
gradient rugged terrain. Overall, the main causes for uneven distribution of wasteland
in Purulia District are variations in topographic complexity, water crisis, rapid soil
erosion, excessive deforestation, unscientific plantation, and other anthropogenic

activities.
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Fig. 10.9 Intensity of wasteland of the different C. D. Blocks in Purulia District. Source Landsat-8
OLI/TIRS C-1 Level-1 satellite imageries, SOI toposheets and field survey

10.3.4 Details of Category-Wise Wasteland Distribution

Multi-spectral data and maps show the magnitude, spatial distribution, and extent
of the six categories of wastelands in Purulia District (Table 10.6). The categories
of wastelands are quantified and mapped based on the characteristics of satel-
lite imageries such as tone, color, shape, size, texture, pattern, and association
(Fig. 10.10). In the Purulia District, the category- wise wasteland distribution has
shown that most of the total geographical area (TGA) is covered by degraded land
under plantation crop (2.71%) followed by degraded forestland (2.03%), gravelly
wasteland (1.81%), rocky or stony wasteland (0.67%), badland wasteland (0.18%)
and mining & industrial wasteland (0.14%), respectively (Fig. 10.11).

10.3.4.1 Degraded Land Under Plantation Crop

Degraded land under plantation crop is found sporadically scattered all over the
district. The concentration of this category is found to be maximum in Arsha C. D.
Block i.e., 5.52% to the total geographical area (TGA) due to the higher elevation of
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Table 10.6 Category-wise wasteland distribution among the C. D. Blocks

SI. | C.D. blocks Percentage to total geographical area (TGA) of the C.D. Block Total
no Degraded | Degraded | Gravelly |Rocky or |Badland | Mining & % to
forestland | land wasteland | stony wasteland | industrial | 104

under wasteland wasteland

plantation

crop
1 Jhalda-I 1.84 2.00 0.60 0.66 3.80 0.00 8.90
2 Jhalda-II 2.49 2.84 1.30 1.06 0.56 0.17 8.42
3 Arsha 3.02 5.52 1.80 1.28 6.39 0.00 18.01
4 Joypur 3.80 4.13 3.48 2.70 0.15 0.17 14.43
5 Baghmundi 0.73 0.40 0.08 0.07 1.20 0.00 2.48
6 Balarampur 0.90 1.04 1.21 1.30 0.00 0.27 4.72
7 Barabazar 1.71 4.23 2.86 1.99 0.00 2.61 13.4
8 Manbazar-1 0.80 0.31 1.37 0.09 0.04 0.02 2.63
9 Manbazar-1I 0.20 3.41 5.02 0.78 0.00 0.03 9.44
10 | Bandwan 0.09 1.10 0.28 0.19 3.16 0.00 4.82
11 | Puncha 0.70 0.51 1.41 0.41 0.00 0.00 3.03
12 |Hura 2.54 5.13 4.10 342 0.12 0.88 16.19
13 | Kashipur 1.80 1.00 3.28 0.24 0.36 0.04 6.72
14 | Santuri 0.21 1.43 1.24 0.11 0.08 0.03 3.10
15 | Purulia-I 0.40 0.72 1.90 0.63 0.00 0.09 3.74
16 | Purulia-II 3.15 0.49 3.04 0.44 0.00 0.00 7.12
17 | Para 0.32 1.96 2.13 0.27 0.00 0.10 4.78
18 | Raghunathpur-I |2.14 0.17 0.24 0.65 0.32 2.14 5.66
19 | Raghunathpur-II | 0.50 2.33 0.00 0.27 0.00 3.13 6.23
20 | Nituria 0.72 0.00 0.32 0.00 0.00 2.55 3.59
Purulia 2.03 2.71 1.81 0.67 0.18 0.14 7.54

Source Landsat-8 OLI/TIRS C-1 Level-1 satellite imageries, SOI toposheets and field survey

Ajodhya foothill, lack of ground and surface water resources, and limp & infertile
soil. Besides, Hura (5.13%), Barabazar (4.23%), Joypur (4.13%), and Manbazar-
IT (3.14%) C. D. Blocks also have high intensity (>3% to GTA) of this category
of wasteland because of water crisis and poor soil. This is followed by Jhalda-
II (2.84%), Raghunathpur-1I (2.33%), Jhalda-1 (2.00%), Para (1.96%), Balarampur
(1.04%), Bandwan (1.10%) and Santuri (1.43%) C. D. Blocks. The intensity of this
category in Purulia-I & II, Puncha, Manbazar-1, Kashipur, Neturia, and Baghmundi
C. D. Blocks is much less (<1.00%) because the main rivers of the district like
Kangsabati, Kumari, Dwarakeswar, and Damodar are flowing along these C. D.
Blocks.
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Fig. 10.10 Distribution of categories of wasteland; a distribution of degraded land under plantation
crop among the C. D. Blocks, b distribution of degraded forestland among the C. D. Blocks, ¢
distribution of gravelly wasteland among the C. D. Blocks, d distribution of rocky or stony wasteland
among the C. D. Blocks, e distribution of badland waste among the C. D. Blocks, f distribution of
mining & industrial wasteland among the C. D. Blocks

10.3.4.2 Degraded Forestland

The degraded forestland has covered more than 3 percent of the total geograph-
ical area in Joypur (3.80%), Purulia-II (3.15%), and Arsha (3.02%) C. D. Blocks
indicating the high intensity of this category. Others C. D. Blocks having more
geographical area under the degraded forestland are Hura (2.54%), Jhalda-11(2.49%),
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Fig. 10.11 Different categories of wastelands in Purulia District; a shows the degraded land under
plantation crop in Kalimati Mouza of Baghmundi C.D. Block. Soil quality is good and water holding
capacity is moderate but this tract is not utilized due to lack of water. b Degraded forestland of Deuli
Mouza of Hura C.D. Block. Sanaijhuri plantation for long time creates this wasteland. ¢ Gravelly
wasteland of Palsara Mouza of Kashipur C. D. Block. d Rocky wasteland of Hirbahal Mouza of
Purulia-II C.D. Block. e Sonaijhuri Plantation on Maghuria Pahar (hill) in Hura C. D. Block. This
type of plantation promotes soil erosion and increases rocky field. f Badland wasteland in Gura-
hata Mouza of Arsha C.D. Block and g Badland wasteland of Sharangdi Mouza of Baghmundi
C. D. Block are found in foothills of Ajodhya Range. Soil erosion is rapid which needs adequate
plantation. h Heaps of industrial wastes (ash) in Durmut Mouza of Neturia Block, which converts
the agricultural land into wastelands. i Sponge iron industry and adjoining wasteland of Kashiberia
Mouza of Natundih G.P. in Raghunathpur-II C. D. Block. j Rock mines in rocky and gravelly waste-
lands of Latpoda Mouza in Barabazar C.D. Block, which accelerates soil erosion & deforestation
and creates mining wasteland. k Stone-chips industry of Hinjla Mouza in Barabazar C. D. Block, 1
Panjania Granite Mine Project (Hura Block) of WB Mineral Development & Trading Corporation
Ltd. It accelerates rapid soil erosion, which is deposited on the agricultural field of lower part
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Raghunathpur-1 (2.14%), Jhalda-I (1.84%), and Kashipur (1.80%). These C. D.
Blocks have a higher rate of economic development than the other blocks in the
district, which is the main reason for the increase in their degraded forestlands. The
people of these blocks always use the land profitably. In the rest of the blocks, the
amount of this category of wasteland is negligible percentage (<1.00%).

10.3.4.3 Gravelly Wasteland

High concentration of gravelly wasteland is found in Hura (5.13%), Manbazar-11
(5.02%), Joypur (3.48%), Kashipur (3.28%) and Purulia-II (3.04%), C. D. Blocks
due to the occurrence of high-level weathered materials of granite-gneiss, migmatite,
and mica-schist. Other C. D. Blocks having more area under this category are Para,
Barabazar, Jhalda-II, Purulia-I, Arsha, Balarampur, Manbazar-I, and Santuri. The
intensity of wasteland in these blocks is “between” 1% to 3% to the total geographical
area.

10.3.4.4 Rocky or Stony Wasteland

In case of rocky or stony wasteland, Hura again tops among all the C. D. Blocks
followed by Joypur, Barabazar, Balarampur, Arsha, and Jhalda-II. Their percent to
total geographical area of respective blocks are 3.42%, 2.70%, 1.99%, 1.30%, 1.28%
and 1.06%, respectively. In the study area, the main reason for the formation of this
category is the rapid soil erosion resulting in exposure to the parent rocks on the
surface soil. Rest of the C. D. Blocks in Purulia District, the amount of this category
of wasteland is either negligible percent or nil.

10.3.4.5 Badland Waste

Although the badland wasteland of the district is much less than the other waste-
lands, it is highly intense in Arsha (6.39%), Jhalda-I (3.80%), Bandwan (3.16%),
and Baghmundi (1.20) C. D. Blocks. Arsha, Jhalda-I, and Baghmundi C. D. Blocks
are located in the hilly tract of Ajodhya Pahar. On the other hand, there are many hills
and hillocks along the entire Bandwan C. D. Block. Therefore, the high elevation, hill
slope, escarpment, and highly rugged terrain of these areas are the fundamental causes
for generating badland waste. The less intensity (0.01-0.40%) of badland waste-
land is seen in Raghunathpur-I, Hura, Kashipur, Manbazar-I, Santuri, and Joypur
C. D. Blocks as there are some hills like Jaychandi (Raghunathpur-I), Panjania,
Tilaboni (Hura), Belamu (Joypur), Senera (Santuri), Bahadurdih (Kashipur), Parasa
(Manbazar-I), etc. but in the rest of the nine C. D. Blocks is nil.



210 M. K. Mahato and N. C. Jana
10.3.4.6 Mining and Industrial wasteland

Mining wasteland refers to those lands where waste rubbish is accumulated after
extraction of raw materials; land is useless after excavation of rocks, stone, sand,
gravel pits, and soil (Wastelands Atlas of India, 2019). Industrial wastelands are
industrial waste disposal areas (Wastelands Atlas of India, 2019) and adjoining
unused lands covered by industrial ash. Mining wasteland and industrial waste-
land have been shown together because small-scale industries have also developed
in all the areas where mining is done in the district. The maximum area under
mining & industrial wasteland is observed in Raghunathpur-II (3.13%) Block due
to the presence of thermal power plants and multiple small-scale sponge iron indus-
tries. The Nituria C. D. Block has maximum wasteland in this category (2.55% out of
3.59%) because of its coal extraction and many sponge iron industries. Besides, the
Raghunathpur-I (2.14%) Block has a higher intensity of this category of wasteland
for the predominance of small-scale industries. On the other hand, the massive rock
quarrying and predominance of the stone chips industries in the Barabazar (2.61%)
C. D. Block is the main reason for the formation of this category of wasteland.
Among the other C. D. Blocks, Hura, Balarampur, Joypur, Jhalda-II, Para, Purulia-I,
Kashipur, Santuri, Manbazar-1 & II represent less intensity (<1.00%) of this category
of wasteland due to excavation of rocks, stone, gravel pits, and soil; but it is not seen
in the remaining six C. D. Blocks at all.

10.4 Recommendations for Wasteland Reclamation

To meet the demands of increasing population and many other developmental activ-
ities, there is an urgent need to reduce the trend of wastelands generation and trans-
form wastelands to their productive capacity. There are six categories of wastelands
in the study area of which degraded land under plantation crop, badland, degraded
forestland, and mining & industrial wastelands can be reclaimed by taking suitable
management measures. Therefore, the recommended measures will be obligate for
the reclamation and alteration of wastelands to the productive lands (Table 10.7).

10.5 Conclusion

This study shows the identification and monitoring of wastelands with the help of
satellite imageries and SOI toposheets. GIS analysis provides accurate information
and data on different categories of wasteland identification, validation, area demarca-
tion, and mapping. The potentiality of satellite imaginary for providing accurate base-
line information is currently well recognized and emerging. The study carrying out
determination of wasteland at the district level can be utilized for various reclamation
measures in effective manner.
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Table 10.7 Reclamation strategies and suggested land use for the different categories of Wastelands
in Purulia District

Categories of wasteland | Reclamation methods Suggested land use

Degraded land under Increased assurance of surface Cultivated crops through

plantation crop water and ground water through suitable crop selection,
rain water harvesting and Continuous cropping

construction of check dams,
Providing irrigation facilities

Degraded forestland Restrict illegal forest cutting, Plantation of native plant,
Regulate grazing activity Permanent plantation

Gravelly wasteland Natural generation of grassland, Pasture development with
Plantation of indigenous trees proper channel,

Natural regeneration of
vegetal cover

Rocky or Stony wasteland | Regular grazing activity, Pasture development
Building materials

Badland waste Leveling of gullies or ravines, Afforestation,
Construction of earthen check Agro-horticulture for food
dams, and fuel,

Providing diversion bunds or trench | Grassland cover
above the head

Mining & Industrial Removal of waste materials of Sow the early successional

wasteland industries and mines for the uses of | species of plants and grasses,
road, buildings and mine fills, Use groundcovers that are
Construction of infiltration wells consistent with growing trees

and open wells

From the above analysis, it can be said that the district has the enormous potential
to be developed with the conversion of a significant proportion of degraded land
under plantation crop into arable lands. Apart from this, degraded forestland, gravelly
wasteland, and badland waste may be used for other than agricultural activities such
as livestock farming like goat rearing, piggery, poultry, etc., agro-based and cottage-
based industries. The rocky or stony wasteland is expected to be the most profitable
for the district to use in the brick kilns (the soil for making bricks should be brought
from barren uncultivated lateritic tracts of the district) and stone chips industry.

The above recommended measures can be effective only, if the State and Central
Government take the initiative along with the participation of local community.
However, the role of State Government especially the Forest Department, in Purulia
District is very disappointing. They have no such suitable planning for the enhance-
ment of degraded forestlands. Acacia auriculiformis (Sanajhuri) is being planted in
the degraded forestlands and as a results soil health is being severely deteriorated.
Because, Acacia auriculiformis species has been most dangerous for soil health
and forest ecosystem through reduction of soil moisture, soil fertility, and under
growth. Therefore, it is necessary to plant the native tree species like Dalbergia sissoo
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(Shisham), Butea frondosa (Palash), Schleichera trijuga (Kusum), Zizyphus xylopyra
(Kul), Bassia latifolia (Mohul), Shorea robusta (Sal), Carissa spinarum (Karamcha),
Terminalia arjuna (Arjun), etc. instead of Acacia auriculiformis species on these
lands.
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