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Abstract

The study introduces the capacity utilization factor into the existing works on the effect
of technological progress towards environment friendly capital formation to analyse the
impacts of fiscal and monetary policies in an IS-LM framework and concludes that the
effects of fiscal and monetary policies on conservation capital and permit cost in the pres-
ence of technological progress cause increases in output, but these increases will centre
around the full capacity utilization level. Further, the empirical exercise in a pooled regres-
sion model involving the income-influencing factors through fiscal and monetary policies
shows that technological progress endowed with emission intensity and capacity utilization
dummy for the world’s 28 countries, confirms the theoretical results in most circumstances.
The study signifies the role of institutions and technological progress as the backbone to
frame fiscal and monetary policies as an effective instrument for getting green growth.

Keywords IS-LM - EE - Sustainability - Technological progress - Permit cost - Capacity
utilization - Pooled regression

1 Introduction

The necessity of analysing the standard macroeconomic demand side equilibrium, the
IS-LM model, with the incorporation of the concept of environmental sustainability, has
been primarily felt in the later part of the twentieth century. Its latest development is the
introduction of the effects of technological progress on environmental capital, also known
as conservation capital, in the presence of a permit market that analysed the fiscal and
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monetary policy effects upon economic growth maintaining environmental stability. The
Introduction of environmental aspects into the aggregate economic activity has been first
considered by Daly (1991a, 1991b)." He proposed the treatment of environmental factors
as the crucial elements of macroeconomics, besides all of the microeconomic attention
to the environment paid by Pigou (1920), Baumol and Oates (1992), Pearce and Turner
(1991), among others. Till date there have been developments in the subject under different
specifications of the related factors. The work of Heyes (2000), probably the first after Daly
(1991a, b), tries to incorporate the environmental sustainability function into the traditional
goods and money market equilibrium (IS-LM), under the assumption that man-made phys-
ical capital and natural capital are substitutes for each other, and so the interest sensitivity
of the natural capital to the rate of interest is positive since the sensitivity of the physical
capital to rate of interest is negative. Further, the study considers that the relative magni-
tude of interest sensitivity of the natural capital is lesser than that of physical capital, which
leads the IS curve to be flatter than the environmental sustainability curve (EE curve). The
EE curve stands for sustainability of the use of environment in the sense that the amount of
pollution generated by any economic activity should be exactly equal to the rate of renewal
or regenerative capacity of nature. Heyes (2000) concluded that expansionary fiscal policy
should be accommodated by contractionary monetary policy, and expansionary monetary
policy should be accommodated by contractionary fiscal policy if the objective of the plan-
ner is to maintain environmental sustainability. Both of the policy parameters were con-
sidered to be exogenous. Further, it is also assumed that expansionary monetary policy is
a better and more acceptable policy compared to the fiscal one, as it obtains the result of
expansion in output along the line of optimal use of nature. In his work Heyes (2000) did
not consider the effects of technological innovation on the conservation of capital, the role
of pollution permits and the complementarity relation between physical and natural capi-
tals. Lawn (2003a, b) has tried to extend the Heyes (2000) model by considering the role
of pollution permit and technological progress in the conservation of capital. Lawn (2003a,
b) showed that exogenous expansionary or contractionary monetary policy in response to
expansionary fiscal policy may not be required to maintain sustainability of the economic
activity if continuous progress is made in favour of greener technologies. In the next phase,
Sim (2006) extends the IS-LM-EE framework of Heyes where exogenous fiscal or mon-
etary shocks are needed so that the intersection of all three schedules is reached through
a naturally adjusting process. Decker and Wohar (2012) denied the hypothesis of the sub-
stitution of the environmental capital for the physical capital, and argued instead for the
complementariness of the environmental capital and the physical capital, and showed that
the EE schedule with the positive slope was steeper than the LM schedule. They also rec-
ommended a tight monetary and expansionary fiscal policy be adopted to promote eco-
nomic growth and maintain the equilibrium of the environmental schedule. In the recent
past, Zhang and Lee (2017) revised the IS-LM—-EE schedule model in the existing litera-
ture and discussed the stability conditions and the policy significance of the equilibrium
point of the IS-LM—EE model under the complementary relationships between physical
and natural capital.

A few works have been surveyed further to support the justification of using the
factor ‘capacity utilization’ in the earlier models in order to explain inflation rates to
link up with pollution permit costs. First, the study of Hamberg (1952), clearly dis-
tinguished between the full employment level of growth and the full capacity level of

! In this context one can also read some recent articles like Halkos and Paizanos (2015) and Rezai and
Stagl (2016).
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growth. The shortfall of full employment level compared to the full capacity level is
the phenomenon of the present world economy. According to Gittings (1989), there
have been inverse relations of one period lag between capacity utilization and infla-
tion for the US economy for the period 1972—-1988. In the late ‘80s, capacity utiliza-
tion increased and the inflation rate decreased. This is a crucial observation so far as
the effect of permit cost on product prices is concerned in the present study. A similar
inverse relationship between the two was also observed by Finn (1996) for the period
1953-1995. Moreover, the study found a positive relation between low capacity utiliza-
tion and high inflation during the periods of the energy crisis of the 1970s. In another
research de Kock and Nadal-Vicens (1996) analyse whether capacity utilization in the
manufacturing sector is a suitable indicator of inflation across countries for data from
1970 onwards. Through different variants of Granger causality tests, the study found
that manufacturing capacity utilization has marginal predictive power for inflation
in some OECD countries. But in the case of the US, there had been strong evidence
that change in manufacturing activity had impacts on inflation through increases in
the labour cost. Dotsey and Stark (2005) observed that the relationship between uti-
lization and inflation for the US manufacturing industries could be tricky or unusual
because it was sensitive to which fundamental factor is driving the economy and how
monetary policy responds to those fundamentals; this makes the relationship quite
complex and conditional to economic circumstances. Concerning the role of imperfect
competition on capacity utilizations, Dixon and Savagar (2017) claim that firms’ entry
causes endogenous fluctuations in macroeconomic productivity through its effect on
the capacity utilization of the incumbent firms, and show that imperfect competition
causes long-run excess entry, leading to the presence of many small firms, each with
excess capacity.

1.1 Motivation and contribution of the study

The study starts with the work of Heyes (2000) and Lawn (2003a, b) to examine the-
oretically and empirically the fiscal and monetary policy combinations upon green
growth coupled with capacity utilization in a standard IS-LM model incorporating
environmental sustainability as considered in the earlier two studies. The existing lit-
erature supports the idea that there should be a linkage between capacity utilization
and inflation, and that this leads to endogenous monetary policy shifts, rather than
exogenous policy shifts, which the present study seeks to apply.

The present study contributes to the existing literature on the IS-LM—-EE framework
by incorporating the capacity utilization factor. We conclude that the effects of the fis-
cal and monetary policies on the income or output of the economies are not perpetual
to the extent of the full technological progress; rather, they stick to the level corre-
sponding to the full capacity utilization. We offer a theoretical analysis and empirical
verifications to justify our conclusion.

The paper is structured as follows. Section 2 reviews the existing literature on the
IS-LM-EE framework and presents research gaps. Section 3 describes the background
story behind ecological macroeconomics augmenting with capacity utilization, and
Sect. 4 illustrates the dynamic model. Empirical validation of our theoretical model
and conclusions are made in Sects. 5 and 6 respectively.
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2 Brief review of the literature on IS-LM-EE

Ecological macroeconomic models often start with a Keynesian flavor by consider-
ing that the production may remain below the productive capacity of the representa-
tive economy. Daly (1991a) has been the first to adopt ecological macroeconomics to
illustrate the significance of the environment when dealing with macroeconomic issues.
Daly (1991a) illustrated the macroeconomic issues raised by Pigou (1920), Baumol
and Oates (1992) in the presence of the environment. Later Heyes (2000) modified the
Daly’s (1991a, b) text book version of ecological macroeconomics by incorporating the
environmental equilibrium curve or EE curve within the standard IS-LM model. The
institutional argument is adopted in Heyes (2000), and it shows shifts in the EE schedule
following any change in the institutional parameters of a society. Again, Daly and Farley
(2011) have suggested enforcing an external constraint on an IS-LM model and framed
the IS-LM-EC structure to illustrate the biophysical limits of ecosystems. By advanc-
ing over earlier works on ecological macroeconomics, Lawn (2003a, b) and Sim (2006)
have attempted to make the IS-LM-EE framework a more policy-effective in terms of
the IS-LM model. Lawn (2003a, b) has used the same IS-LM-EE model adding the
technological parameter. Lawn (2003a, b) has used IS-LM-EE and illustrated that mon-
etary policy of either form in response to expansionary fiscal policy may not be required
to maintain the sustainability of the economic activity if continuous progress is made
in favour of greener technologies. Unlike Lawn (2003a, b), Sim (2006) has proposed a
model of IS-LM with EE to derive a socially optimum solution. Sim (2006) has showed
that fiscal or monetary shocks are required to reach the simultaneous intersection of all
three schedules reached through a naturally adjusting process. Moreover, Sim (2006)
has shown that the expansionary fiscal policy may lead to poor environmental quality
and lower planned expenditure. Under such circumstances Sim (2006) has proposed
strict environmental regulatory standards to reach higher output levels in the long run.
Later, Moraes and Serra (2011) extended the IS-LM-EE model by incorporating the
international trade argument within ecological macroeconomics. In their article, Moraes
and Serra (2011) found that developing countries would export resource-intensive prod-
ucts, while developed countries mainly export manufacturing products by imposing
more strict environmental regulations. So far we have dealt with models which are built
on the basis of a common assumption—that physical capital and natural resources are
substitutes for each other. However, Decker and Wohar (2012) have assumed that physi-
cal capital and natural resources are complementary, and following this they have found
a positively sloped EE schedule. The new EE schedule gives new results following fis-
cal and monetary policies (Decker and Wohar 2012). In addition to Decker and Wohar
(2012), Zhang and Lee (2017) have also considered the complementarity between phys-
ical capital and natural capital under the IS-LM-EE structure to justify the stability and
policy significance of the equilibrium point.

From this short review of the literature on the IS-LM-EE framework of ecological
economics we find that even though the existing literature has dealt with some mac-
roeconomic and trade related issues within the IS-LM-EE periphery, however, none
of these studies has tried to capture the significance of capacity utilization in order to
determine the macroeconomic equilibrium. This departure from the existing literature
makes our study a novel one. Additionally, we also explore the research gap regarding
the stability and policy significance of the long run equilibrium point in the presence
of a capacity utilization vector, thus providing our second contribution to the literature.
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3 Environmental macroeconomic background and rationale
of the present study

The present study reviews the existing studies and tries to extend the core studies. First, we
point out the limitations of the above studies by dividing them on two grounds—whether
physical capital and natural capital are considered substitutes or complements. The studies
by Heyes (2000), Lawn (2003a, b) and Sim (2006) consider the substitutability relation,
while Decker and Wohar (2012) and Zhang and Lee (2017) choose the complementary
relation. Which of the two relations should be considered is an empirical question and the
present study has attempted to answer it. We considered the world’s top three countries in a
quantity of CO, emissions—China, the USA and India. On the one hand we relate the total
CO, emissions as a share of the gross domestic product (GDP) of the countries with the
rate of interest and, on the other hand, the physical capital investment with the rate of inter-
est. The first one stands for the sensitivity of environmental intensity to the rate of interest
(E,) and the second one as the sensitivity of physical investment to the rate of interest (I,).
Taking the data of the World Bank (www.worldbank.org) on CO, emissions and gross cap-
italformation for the period 1980-2017, it is derived that, on average, I, <0 and E,>0 for
the said period (Table 1). Further, to examine whether the environmental curve is steeper
than the IS curve. We calculated their relative magnitudes and found that the magnitude of
E, is lesser than that of I, which means that the EE curve will be steeper than the IS, not
the reverse. Therefore, we consider the substitute relation between the two types of capital
and so, we decide to extend the studies of Heyes (2000) and Lawn (2003a, b). We did not
consider the similar model of Sim (2006) as it did not consider the effect of technological
progress and permit cost, as done by Lawn (2003a, 2003b).

The study of Lawn (2003a, 2003b) is considered to be more advanced than that of Heyes
(2000), as the former included the effect of technological innovations in favour of natural
capital in the presence of pollution permits. Positive cost of permit provides incentives to
the industrial houses to go for low pollution or low entropy energy use state through invest-
ment in conserving natural capital. Therefore, our main focus hinges upon the critical anal-
ysis of the work of Lawn (2003a, b).

The role of technological progress in producing greener capital goods to maintain long
run or sustainable growth of income has been well documented by Lawn (2003a, b) in the
IS-LM framework. The idea is a novel one in the sense that it may provoke governments
and private production units to invest in conservation capital to achieve green or sustaina-
ble growth of income. Exogenous expansionary fiscal policy is accommodated with endog-
enous monetary policy (through changes in real money balance), and exogenous monetary
policy is accommodated by endogenous changes in real money balance due to the increase
in product prices induced by the increase in pollution permit cost, which further leads to
the reduction of sustainable output. Introducing technological progress would lead to low
pollution, low demand for permit, low cost of permit and hence low general price lev-
els, which ultimately results in an increase in real money balance and output. Hence, the
increase in the permit cost and goods prices are crucial factors in determining whether real
money balance will change and technological progress will be required. But, as the present
study shows, the magnitude of an increase in goods price due to an increase in permit cost
depends also on the capacity utilization of the industries in particular and the economy
in general. The classic work of Hamberg (1952) has clearly shown that full capacity uti-
lization may not be identical to full employment. He defined a ratio—the coefficient of
required growth—with a=Y¢/Y_, where Y; stands for the full employment growth rate and
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Table 1 Case study for China, USA and India (World’s three largest emitters of CO,), sensitivity of I w.r.t
rate of interest (dI/dr). Source: Computed by the author upon World Bank data

Year China USA India China USA India
1980

1981 —0.44 0.55 0.0135 0.0031

1982 -0.04 0.0023

1983 2.28 —0.0069

1984 6.64 0.43 —0.0883 0.0035

1985 —132.28 0.28 5.1711 0.0034

1986 0.93 0.0129

1987 1.64 -0.71 —0.0472 —0.0028

1988 —0.86 -0.20 —-0.0279 —0.0036

1989 1.60 1.14 0.0079 0.0021

1990 -1.57 0.92 -3.38 0.0117 0.0023 0.0376
1991 0.01 1.31 0.0014 —0.0007
1992 1.88 -1.26 0.35 0.0065 0.0091 —0.0062
1993 0.78 —1.86 —0.0028 0.0171
1994 -1.17 0.00 0.85 —0.0823 —0.0015 -0.0119
1995 0.66 -0.77 -3.50 0.0252 0.0027 —0.0031
1996 1.41 4.14 -0.98 0.0274 -0.0187 0.0017
1997 0.29 -6.27 5.15 0.0168 0.034 —0.0053
1998 1.32 —1.28 -2.67 0.0362 0.0081 0.0047
1999 0.21 10.43 —0.0016 -0.0118
2000 0.65 0.10 0.0012 0.0315
2001 -1.21 0.21 -3.34 —0.0026 0.0006 0.0602
2002 —0.06 —-4.99 0.0038 0.0526
2003 8.38 421 -12.15 —0.0223 —0.0106 0.0339
2004 0.39 —11.93 -0.0016 0.0847
2005 -0.85 0.09 1.88 —0.0384 —0.0018 —0.0223
2006 0.41 -10.23 1.65 —0.0286 -0.0144 -0.0132
2007 -0.84 0.50 —13.99 0.0152 0.0007 0.0503
2008 1.80 -2.01 0.0012 0.0004
2009 2.40 -0.03 -0.025 0.0071
2010 0.14 -0.34 —0.0205 -0.0016
2011 0.76 —2.84 0.0204 0.0203
2012 13.84 0.003
2013 0.91 —5.87 0.0207 —0.0158
2014 1.28 —28.64 8.90 0.0047 0.2039 —8E-05
2015 -2.62 5.67 —0.0281 0.0048
2016 0.46 —4.44 —-0.013 0.0073
2017 043 -6.77 —0.0094 0.0252
Average —-4.76 -0.99 —1.11 0.22 0.01 0.01

The blank cells show zero values as there were no changes in interest rates in these years. The values of dE/
dr>0 and dI/dr<0, and the absolute values of dE/dr are smaller than dI/dr which means the EE curve is
steeper than IS curves
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Y, for the rate of growth required for the full utilization of capital. So, when a=1, the two
growth rates are equal, and the income growth which will ensure the capacity use of a
growing capital stock will also suffice to ensure full employment. This situation represents
the ideal growth pattern. When ‘a’ is more than one (a> 1), the full capacity growth rate
is not sufficient to produce the results corresponding to the full employment level. Finally,
when ‘a’ is less than one (a< 1), the situation is typically represented as secular stagnation.
Full capacity growth cannot be obtained, because it lies above the full employment growth
ceiling. This means that actual or realized growth falls short of the full capacity rate. The
result is idle fixed capital and excessive stocks, that is, too much is being saved relative to
the economy’s capacity to absorb these savings.

Following Hamberg (1952), the present study proposes that if an economy has near the
full capacity level of operations, an increase in permit cost may not increase product cost,
and hence shifting of the LM curve may be bounded. On the other hand, if there is excess
capacity—that is, the imperfectly competitive firms are underutilizing their capacity to
influence prices (this is today’s phenomenon to decide prices which is claimed by the new
Keynesian school)—then an increase in permit cost will greatly influence products costs
and the LM will be very much free to shift.

Grounded upon the principal model of Heyes (2000) and the cutting-edge model of
Lawn (2003a, b), the present study aims to introduce the concept of Capacity Utilizations
into Lawn’s structure. We try to show that shifting of the LM curve due to the endogenous
changes in the real money balance caused by the changes in permit cost will not be free
as in Lawn’s model. Instead, the shifting of the LM curve will centre around the optimum
capacity utilization.

3.1 Conceptual notes on green macroeconomics and capacity utilization linkages

With the substitute relationship between physical and natural capital (as empirical evi-
dence shows), an expansionary fiscal policy (FP) may not be accommodated with exog-
enous contractionary monetary policy (MP)—as it happens under Heyes—but there will
be endogenous contractionary MP due to permit cost which will contract output to ensure
environmental sustainability (Naqvi 2015). Introducing technological progress in favour of
conservation capital, Lawn showed that there would be a reduction of the permit as well as
product costs. As a result, there would be a continuous rightward shifting of LM depend-
ing on continuity in technological progress, and output would increase till the maximum
capacity of technological progress is reached. Now we consider the case that the econo-
mies are not maintaining their full capacity of operation. Expansionary FP-led increase in
permit cost and leftward shifting of the LM will then depend upon whether the economies
are away from the full capacity level and on how far they are away from the full capacity
level. Being away from the full capacity level means the increase in product cost will be
magnified due to an increase in permit cost. As a result, LM will shift to a greater extent
than the EE curve, and reach equilibrium with the goods sector (or make an intersection
with IS). If now technological progress is allowed (as in Lawn), then LM will shift right-
ward due to low product price, and the shifting will continue till the full capacity level is
reached. Hence, the magnitude of technological progress and shifting of LM are limited
by the position of the full capacity level. Any further increase in technological progress
and rightward shifting of LM will move the economies to the right to the level of optimum
capacity, which will again push up the price of the goods and LM will shift back. This
result does not match that of Lawn. There is no scope of continuous technological progress
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in favour of the environment after the full capacity level because that could not increase the
capacity of the industries or economies.

A similar logic can also be applied when there is exogenous expansionary MP. The
shifting of LM due to continuous technological progress will then be barred by the level of
optimum capacity utilization. Hence, there will be a critical level of technological progress
and position of LM as predicted by the present study.

3.2 Structure of the present study

In the traditional aggregate demand side model, the popular IS-LM model, representing
the combination of the goods sector and monetary sector (Hicks 1937, 1981), income and
rate of interest were determined without accommodating the optimal use of environmen-
tal or natural capital (Jackson et al. 2014). Further, the equilibrium output, employment,
rate of interest and price level were determined by combining the aggregate demand side
and aggregate supply side. However, the attainment of full employment of all the eco-
nomic resources was a matter of debate among different schools, starting from the classical
Keynesian to today’s new Keynesian thinkers (Jackson 2009; Schneider et al. 2010; Rgpke
2013, 2016). Full employment is generally explained by the number of people who want
the job in the existing wage rate in particular, and factor prices in general, and do get the
job (Patinkin 1948; Azam & Feng 2022). Yet, the attainment of full employment of the
factors does not necessarily imply that the producing units (private or public) use all of
their productive resources at their full capacity levels (Marris 1964; Winston 1974; Betan-
court & Clague 1981). In other words, the degree of capacity utilization may not be at par
with the full employment level (as evidenced by Hamberg 1952). If capacity utilization
is less than the available full employment (or maximum potential output level), then the
price of the goods will increase as fewer goods are produced. The gap between maximum
potential output and actual capacity output is known as excess capacity, which is one of
the important sources of social cost (Franz & Gordon 1993; Gordon 1994; Cecchetti 1995;
McCallum 1994; Tinsley & Krieger 2007; Taylor et al. 2016). Such phenomenon is usually
noticed with the imperfectly competitive producers, which the New and post Keynesians
reveal as the source of unemployment and rigid wages (Kalecki 1935, 1971; Kaldor 1940;
Goodwin 1951; Rezai et al. 2013; Fontana & Sawyer 2013, 2016).

Empirical data on average capacity utilization rate as per 2003—04 (unless otherwise
specified) shows that the major developed countries use 80-87% of their total capacity
in production, while the major developing countries use about 60-70% of their installed
capacity (Table 2).

The information on the average capacity utilization thus confirms the claim of the new
Keynesians, and it also justifies the proposal of the present study. We can then proceed
with our objectives as stated above on the basis of the justifications provided by the exist-
ing empirical data.

4 Revisiting the IS-LM-EE model in the wake of capacity utilization
In general, the production side uses inputs to produce outputs and meet the existing

demand in terms of supply generation. In fact, the possible output or supply of a production
unit, mainly determined from the level of capacity, is utilized by the corresponding unit.
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Table2 Average capacity
utilization of major countries.
Source: https://en.wikipedia.org/
wiki/Capacity_utilization

1. United States 79.5% (April 2008—Federal Reserve measure)
2. Japan 83-86% (Bank of Japan)

3. European Union 82% (Bank of Spain estimate)

4. Australia 80% (National Bank estimate)

5. Brazil 60-80% (various sources)

6. India 70% (Hindu business line)

7. China perhaps 60% (various sources)

8. Turkey 79.8% (September 2008—Turkish Statistical Institute)
9. Canada 87% (Statistics Canada)

Information in the parentheses indicates the sources of the data

Hence, from the macroeconomic perspective of an economy the capacity utilization (U)
augmented aggregate supply of commodity market (¥°) equation can be represented as

YS=fL)+yU (1)

where Y = f(L); f/ > 0.

Following Keynesian arguments, the ex-ante or planned aggregate expenditure in terms
of consumption expenditure (C), private investment expenditure (/) and public expenditure
(G) can be represented as the aggregate demand of the goods market (Y”) of the economy
with usual interpretations

YP=CY-T)+I1(r+G )

where 0 < Cy < 151, <0.
Following Egs. (1) and (2) the excess demand of the commodity market (EDC) can be
expressed in the following form

EDC=Y? -YS=V(,r,U) 3)
Again, expression (3) can be illustrated alternatively
VY, r,U)=CY-T)+In+G-Y—-yU 4)

Here,Vy, =Cy,-1<0;V, <0;V,; <0.
The dynamic equilibrium of commodity market is attained at

dy

ey Y =[V(¥,r,U)] (5)

By deriving the combinations of Y and r for which such dynamic equilibrium of com-
modity market (that is, Y= 0) is satisfied, we obtain the IS schedule, and its slope can be
expressed as

VydY +V.dr =0 (6)

dr

dy 13=_(‘ZY/Y’)<O 6.1)
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The financial sector is usually described in terms of money market. Money supply in real
terms (M) is often referred to as real balance and is expressed as

M* = (M/P) @)

Unlike the IS-LM model, under the IS-LM-EE structure we assume the presence of
environmental permit cost (PM) and its association with the general price level (P). In
fact, P is dependent upon the permit cost, i.e.,

P=yw(PMc);y/ >0 (7.1)

Again, whether PM influences P depends on the level of capacity utilization (U),
where the gap of capacity utilization is defined as the difference between actual use of
capacity (¥,) and maximum or potential use of capacity (¥). The dynamics behind the
above statement can be represented in the following form

P=a(Ye—Y,) (72)

Expression (7.2) further tells us that the sign of y/ depends upon the gap between Y,
and Y, ie.,w/ >0if Y, > Yoor Y. > Y,, and w/ — 0if Y, is close to Y. Hence, ay > 0
if Y, > Y- or Yo > Y, and similarly to the earlier one ay — 0 if ¥, is close to Y. Hence,
by using a similar logic we find P — 0 if Y, is close to Y. Intuitively this reveals that full
capacity utilization makes maximum quantity of production, which leads to the product
prices being the lowest possible.

Similarly, demand for money in real terms (MP”) can be captured in the following
manner

MP = L(Y) + Ly(r) = MP(Y,r); MY > 0,MP < 0 (8)

Following Eqgs. (7) and (8) the excess demand of the money market (EDM) can be
expressed in the following form

EDM = MP — M® = H(Y, r) )
Again, expression (9) can be illustrated alternatively
H(Y,r) = MP(Y,r) = (M/P) (10)

here, Hy > 0;H, < 0.
The dynamic equilibrium of the money market has attained at

dr

Wl F=[H{,r)] (1)

Deriving the combinations of Y and r for which the above-stated dynamic equilibrium
of money market (that is, i = 0) are satisfied give us the LM schedule and the slope of it
can be expresses as

HydY + Hdr =0 (12)

dr

arl,, = —(liy/lfr) >0 (12.1)
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The other part of the present study on environmental activities gives us the famous
EE schedule. In fact, we follow Heyes’ (2000) idea in this regard. The economic activity
requires the environment (£) as an additional input for the accommodation of production
residues like smoke, solid waste, noise etc. Again, the environment has its own assimilative
or renewable capacity, which is termed the carrying capacity of the environment. Hence
aggregate economic activity will be viable only when the total use of the environment is
identical to its total regenerative capacity.

Let ‘e’ be the environmental intensity of the economic activity (e.g. Emission/GDP)
which is treated as one type of factor intensity and can be determined by the aggregate
choice of techniques. The environment, being the natural capital, has a substitution pos-
sibility with the physical capital or investment, such that /. < 0 leads to e, > 0, i.e. when
physical capital is costlier, the producer will go for a decreased pollution abatement
activity and use more natural capital. Again ‘e’ can be induced by the institutional fac-
tor ‘A’ which captures environmental regulation (Heyes 2000), and by the technological
progress factor, f (Lawn 2003a, b), for generating low pollution and energy saving pro-
duction inputs. To control environmental degradation, the authority can apply unit tax on
the polluters, or it can impose a pollution quota on the sources, etc. Therefore, the range
of A will be 0 < A <1 0. Further, as the value of f# increases, ‘e’ falls, and as a result Y
increases. Hence, the factor intensity function will be e = e(r, A, ), where, e, > 0, e, <0
and e, , < 0 and e; < 0. The environment intensity economic activity is increasing in the
cost of capital (r) and decreasing in the extent to which environmental costs are internal to
the user and technological progress. Total employment of environmental services by the
economy is, therefore, e(r, A, f)Y.

Let ‘E’ be the physical stock of environment as capital at the time ‘¢’ and let assume
that it self-renews by the amount sE, where ‘s’ is the rate of renewal. So, the total environ-
mental degradation is expressed as —

—(dE/dt)= —E = e(r, A, p).Y —5.E (13)
The steady state environment or the long run environmental stability requires E =0
Or,e(r, A,p).Y = s.E (13.1)

Therefore, the steady state environment curve (EE) depends upon ‘y’ and ‘r’ like
IS-LM, and the parameter of our concern, 3.
Environmental capital market dynamic equilibrium claim
E =sE —e(r,A, )Y = F(Y, 1, A, §) (13.2)
Here, FY=—e()<0 F, ——Ye <0,Fy=-Yepy>0,Fy=-Ye; > 0.

By deriving the combinations of Y and r for which such dynamic equlhbrlum of envi-
ronmental capital market (that is,F = 0) is satisfied, we obtain the EE schedule, and its
slope can be expressed as

FydY +F dr=0 (14)

dr

v EE=—(F:y/1f,)>0 (14.1)
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Fig. 1 IS-LM-EE equilibrium. r
Source: Drawn by the authors EE dy
based on the approach of Heyes
(2000)
rL E
IS
1] Y1 Y

The slope of the EE curve is negative since e, > 0. Along the EE curve, there is a steady
state condition prevailing in nature’s system, in the sense that the total use of environmen-
tal services by economic activity is just equal to the renewal of the environmental services
by the natural process (or, E = 0). There is no need to invest in conservation capital and
hence the role of § becomes zero. The economic position outside the EE curve means there
is a disequilibrium in the environmental services. The right of EE curve means degrada-
tion of environment (or,E < 0) and left of it means environmental upgradation (or,E > 0).
Hence, economic activities should match with any point on the EE curve that gives the
IS-LM-EE model. Both IS and EE curves have the same signs in their slopes. In the work
of Heyes, it is considered that the EE is steeper than IS i.e. the sensitivity of investment to
‘r’ is higher than the sensitivity of the environment to ‘r’. But the reverse case may also
arise. However, the present study focuses on the former case, where EE is steeper than IS
as it becomes necessary to get stable ISSLM—-EE long-run equilibrium.>

4.1 Environmental macroeconomic equilibrium

The aggregate economic activity will be sustainable in terms of long run condition of the
environmental capacity when all three curves (IS, LM & EE) intersect each other. Figure 1
presents the equilibrium.

E is the point where there are balances in the commodity market, money market and
sustainability in the environment. This point is called the IS-LM-EE equilibrium which
generated Y1 and rl levels of income and rate of interest respectively. Any activity beyond
the ecological carrying capacity creates environmental degradation and reduces the long
run sustainable development potential of the economy (Alaimo et al 2021).

4.2 Policy effectiveness: present study vis-a-vis lawn

Let us come to the discussion on the comparison of results of fiscal policy (FP) and mon-
etary policy (MP) between Lawn’s approach and the approach of the present study. Our
mode of analysis is based on the consideration of capacity utilization, which was absent in

2 Detailed derivations of stability of IS-LM-EE model are illustrated in the appendix.
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Fig.2 Expansionary fiscal policy r M2
under Lawn’s approach. Source: & L3

Drawn by the authors et

1] Y2 Y3Yl Y4 Ys Ymax

Lawn’s approach. Further, recall that the effect of technological progress on conservation
capital is considered in the present study, as well as in Lawn’s. In the following paragraphs,
we focus first on exogenous expansionary fiscal policy and then on exogenous monetary
policy.

4.2.1 Expansionary fiscal policy

Figure 2 presents the expansionary FP effects under Lawn’s approach. There are differ-
ent positions of the EE curve depending on the level of technological progress measured
by the values of the parameter, . As the value of p increases the EE curve shifts right-
ward, generating more output in the long run and becoming inelastic. Y, ,, is the vertical
line depicting the maximum output that can be obtained by using all of the technological
progress endowed with the economy. This is the limit to technological progress with the
available scientific knowledge. E is the initial sustainable equilibrium with IS1 and LMI.
Adopting exogenous expansionary increases in public expenses with unchanged monetary
instruments, the new equilibrium of the goods and money sector becomes F, which gener-
ates more output. However, that extra output is not sustainable as there is environmental
degradation through high entropy generation. Such environmental degradation will require
demand for pollution permits, which will push up the cost of production and general price
level through inflationary effects. As a result, the real money balance (M/P) will go down,
leading to a leftward shifting of LM to LM2, where sustainable equilibrium is reached at
G, but this is accompanied by a low level of output. Lawn then proposed that technological
progress in favour of green technology, in place of paying permit costs, would reduce the
cost of production and price of the goods. This, in turn, would increase real balance and
result in LM shifting rightward to LM3, LM4.... depending on the level of technological
progress. Once it may reach that the price level goes down below the initial value as repre-
sented through LM1.

Hence, exogenous expansionary FP will be accommodated first by contractionary
endogenous monetary policy, and then by the expansionary endogenous monetary policy
until Ymax is reached. There is no limit to this expansion till Ymax.
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In our study, we first focus on the expansionary fiscal policy in terms of the expansion
of government expenditure (G). To check this, we use comparative steady-state analysis
following a change in G, and using Eqgs. (4), (9) and (13), we get the following expres-
sions. It is to be noted that interactions between IS and LM, and IS and EE give us the
overall effect of change in G on Y and r. Following the IS and LM interaction and by using
Egs. (4) and (13) we obtain

Vo H,
dY*__ +G— >0 (15)
dG |j[S—LM|

+

. HyVg

AR S N (16)
dG |‘IIS—LM|

+

Again, to get the impact of an increase in G from the IS-EE model we use Eqs. (9) and
(13) and we find

. VgR,
‘fly =———>0 (17
G |JIS—EE|
+
Vg F
dar* +G !

—=—x<0 18
4G~ is-ze] (15
+

Remarks 1

(1) Enhancement of public expenditure augmented with capacity utilization in the form of
expansionary fiscal policy leads to an increase in both Y and r following a new dynamic
equilibrium. However, such an increase in Y may dominate over an increase in r iff
|Hr| > |HY |

(2) Enhancement of public investment augmenting with capacity utilization leads to an
increase in Y and fall in r following a new dynamic equilibrium under IS-EE model
| Vy Fy

r r

Intuitively we can explain the outcomes of expansionary fiscal policy on stationary equi-
librium values of Y and r in terms of Egs. (15) to (18). First, we focus only on the IS-LM
structure and hence expressions (15) and (16) tell us the story. An increase in G in the form of
expansionary fiscal policy leads to an increase in Y to clear the commodity market. Such
increase in Y leads to an increase in partial demand for money; however, other things remain
the same, in order to clear the money market speculative demand for money may fall follow-
ing a rise in r. An increase in r leads to a contractionary effect on private investment, which
results in a slight fall in Y, even though overall Y increases owing to a rise in G. We refer to
this as the First Crowding Out Effect (FCOE). Moving to the second part we now consider
the IS-EE structure to examine the effect of G on Y and r, using expressions (17) and (18).
An increase in G produces more Y in order to maintain goods market equilibrium. Again,
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environmental capital market equilibrium insists to reduce e following a rise in Y. Now for a
given 1, fall in e is possible if either A increases or f increases. Let us start with a high value
of A or strong environmental regulations scenario. Hence, for a given f, an increase in A
claims a rise in PM. and consequently Eq. (7.1) reveals an increase in P as w/ > 0. Note that
in this connection Eq. (7.2) reveals the implicit part of the same story in terms of capacity
utilization arguments. In fact, @, > 0,/ > 0 and y < O ensure the short fall of aggregate

supply (dY* = [-V,Vy/ |J 1S— EE|] dU) from the aggregate demand, and consequently gener-
=)

ate upward pressure on P. Such a rise in P deteriorates the real money balance (M/P) for a

given M. It creates an excess demand situation in money market and to clear it an increase in

r becomes necessary. However, such an increase in r (dr* = [-VyF/|J/;s_gg|1dA) leads to a
(+)

fallin Y (dY* = [V,F,/|J;s_gg|1dA) following a reduction in private investment to clear the

commodity market. Here again we get a short fall of increase in Y following expansionary
fiscal policy, mainly due to strong A augmented with under utilization of capacity. We refer to
this as the Second Crowding Out Effect Augmented with Capacity Utilization (SCOEACU).
Again, if we start with a low value of A or weak environmental regulations scenario, for a
given f an increase in A augmenting with under utilization leads to a rise in PM. at a moder-
ate level—or lower compared to the previous scenario. Following this, a moderate level of
increase in P may be experienced. Hence, for a given M, such rise in P deteriorates the real
money balance (M/P) at a moderate level. It creates an excess demand situation in the money
market, and to clear it an increase in r becomes necessary. However, such an increase in r
leads to a fall in Y also at a moderate level, owing to a reduction in private investment to clear
the commodity market. Compared to the previous scenario here, the volume of SCOEACU
will be lower and hence the expansionary fiscal policy will be more effective under a weak A
regime compared to a strong A regime. In fact, it is the value of F, that causes the changes
between the regimes regarding the volume of SCOEACU. Moreover, it can be interesting to
consider the scenario where an increase in technological progress towards greener capital
formation or higher § may reduce the PM and consequently a fall in P. Following similar
money market arguments, that is, for a given M, such reduction in P enhances the real money
balance (M/P). It creates an excess supply situation in the money market and, to clear it, a
decrease in r becomes necessary. However, such a fall in r (dr* = [VyF;/|J;5_g|1dP) leads
=)

to an increase in Y (dY* = [-VyFy/ |/1s_££|1dB), owing to a reduction in private investment

+
to clear the commodity market. However, utilization arguments with ay >0 and y <0
resume the adverse effect on Y (dY* = [-V;V}y/|Jjs_ge|14U) and an upward pressure on P

may be realized. Therefore, and surprisingly, we can experience SCOEACU even under a
regime of positive technological progress if ’F ﬂ| > |Vyl

Graphically we explain the same in terms of Fig. 3. Figure 3 explains the expansionary
FP effects under the present approach. We first start with the initial state of the economy
at point E, where there is full employment income (Y1) and the environmental sustain-
ability is maintained. The full capacity level of output is given by YC. How much permit
cost will respond to an increase in environmental degradation depends on the stringency
of government’s legal actions, which is captured by the value of ‘A’. The more stringent
the enactment of laws, the higher the increase in permit cost and, as a result, the higher
the increase in commodity prices. Further, introducing technological progress (f factor)
towards conservation capital, as in Lawn, will shift the LM in the opposite direction (to the
right). Hence, the shifting of LM will depend on the magnitude of capacity utilization, §
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Fig. 3 Expansionary fiscal r
policy under the present study’s

approach. Source: Drawn by the

authors
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and A. Thus, the effect of expansionary FP in this study can be explained under three dif-
ferent scenarios depending on the magnitude of increase in permit cost and f.

We start with the expansionary FP effects from E to F, where there is equilibrium on the
demand side (IS-LM) and full capacity utilization of the economy, but there is environ-
mental degradation as EE1 lies left of F.

Scenario 1 Strong A: The gap between YC and EE1 (corresponding to Y1) leads the per-
mit cost to increase to such a height that P will increase at full extent and, as a result,
M/P will fall drastically. Consequently, there will be tight endogenous MP, causing a shift
from LM to LM2. G will then be the new macro-environmental equilibrium, where 1S2,
LM2 and EEI intersect. Y2 is the contracted output, where the economy will have long run
sustainability. However, we observe that Y2 < < YC, which means that monetary contrac-
tion is too strong to outweigh fiscal expansion. The new equilibrium G may shift further
leftward due to huge capacity under-utilization. Prices of the goods will increase, LM will
shift leftward but IS will then shift further rightward due to an increase in public spending
arising out of permit sales revenue. A new long run equilibrium will then be achieved to
the left of G.

Scenario 2 Weak A: Here permit cost will increase moderately leading to a moderate
increase in P, and LM will shift to the left moderately. The new LM may be LM3 and the
new [S-LM equilibrium at H, where there will be a reduction in pollution and also a mod-
erate increase in excess capacity. This will again push up the price of permit as well as the
price of goods, leading to further leftward shifting of LM to LM2. However, there is insta-
bility in capacity utilization as well. The aftermath effects will then be like those of case A.

Scenario 3 Increase in B: From G, a low level of economic and sustainable output, an
increase in technological progress towards greener capital formation will reduce the mag-
nitude of pollution, permit cost and goods’ prices, leading to a rightward shift of LM that
will generate more output. Continuous upgradation in the technology will shift the LM
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Fig.4 Expansionary monetary r
policy under Lawn’s approach. eer NEEZ \gEa\EE4/ L1 2
Source: Drawn by the authors
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rightward continuously until the full capacity equilibrium is attained at F, where the new
EE curve will match IS, LM and YC. Any further progress in technology will shift LM
rightward (as under Lawn), allowing an increase in output to finally reach Ymax. How-
ever, there is a difference of opinion between the present study and that of Lawn. As YC
is reached at F, any upgradation in technology can be output- or growth-enhancing and
sustainable from the nature’s perspective, but unsustainable from the perspective of capac-
ity utilization. Overuse of capacity is also inflationary as argued by Hamberg (1952), Dot-
sey and Stark (2005), among others. Hence, right of YC, the price of goods will increase,
which will force LM to shift back to LM1. Hence, there is the critical value of technol-
ogy upgradation (here EE2), where the system will have sustainability in both nature and
capacity utilizations’ perspectives. Lawn’s approach has missed this aspect. If a new capac-
ity is generated over YC, then further technological progress will expand output and the
limit of expansion will again be decided by the new YC.

4.2.2 Expansionary monetary policy

Figure 4 explains Lawn’s approach to the effect of an exogenous monetary expansion
through an increase in money supply with an unchanged fiscal policy. Initial equilibrium
of the goods sector, monetary sector and environmental sustainability is attained at E with
the combination of ISI-LM1-EE1. (Y1 and rl) is the combination of income and rate of
interest.

An expansionary MP creates a new demand side equilibrium at F, where there is more
output and less rate of interest. But F is outside EE1, thus there is environmental pollution.
There will be an increase in permit cost and prices of the goods leading LM?2 to shift back
to LM1. Hence, monetary policy is not effective. Heyes argued for contractionary FP to
increase output. With technological progress in favour of the environment, Lawn suggested
that prices will go down and LM will shift rightward along new EE curves (EE2, EE3,
EEA4...). The output will increase continuously with technological progress until Ymax is
reached, which Lawn recommended. Hence, LM will freely move along the initial IS with
technological progress.

To check the effectiveness of expansionary monetary policy in the presence of the EE
framework, we use comparative steady-state analysis following a change in M. Using
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Egs. (4), (9) and (13), we get following expressions. It is to be noted that interactions
between IS and LM, and LM and EE give us the overall effect of change in M on Y and r.
Following the interaction between IS and LM and by using Eqgs. (4) and (13) we can obtain

H, V.
am |JIS—LM|
+
H,V
am |JIS—LM|
+

Similarly, from the interaction between LM and EE in case of a change in M, and by
considering Eqgs. (9) and (13) we get

F.H
am |‘,LM—EE|
+
H,F
am |JLM—EE|
+

Remarks 2

(1) Arise in M augmenting with capacity utilization arguments leads to an increase in the
stationary equilibrium value of Y and a decrease in the stationary equilibrium value
of r under the IS-LM framework.

(2) An improvement in M with under-utilization of capacity under the LM-EE structure

leads to an increase in the stationary equilibrium value of Y iff | %| > F—y .

r

Economic interpretations are given below. Intuitively we can explain the outcomes of
expansionary monetary policy on stationary equilibrium values of Y and r in terms of
Eqgs. (19) to (22). Here again we start with the IS-LM structure and hence expressions
(19) and (20) tell us the rest of the story. An increase in M in the form of expansionary
monetary policy leads to a fall in r to clear the money market. Such a fall in r leads to an
increase in private investment, and to clear the goods market Y must increase. We call
this the First Round Positive output effect (FRPOE), owing to Expansionary monetary
policy. Considering the LM-EE structure and Eqgs. (21) and (22) we get the other side of
the expansionary monetary policy response in the presence of environmental capital
market. A rise in M leads to a fall in r via money market equilibrium. Following a reduc-
tion in r from EE specification, we get an increase in Y owing to a fall in e. We call this
the Second Round Positive Output Effect (SRPOE) owing to an increase in M. However,
the volume of SRPOE varies under three different scenarios. First, we start with a high
value of A or strong environmental regulations scenario. High A under expansionary
monetary policy creates enough space to increase Y at a higher volume compared to the

usual scenario. As high A implies low e, Y must increase (dY* = [-FyH,/|J;y_gg|1dA)
)
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Fig.5 Expansionary monetary
policy under the present study
. LML

approach. Source: Drawn by the

authors LM
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of a higher volume to clear environmental capital market equilibrium, and we may expe-

rience high SRPOE. Again, for a given f, an increase in A leads to a rise in PM, and

consequently Eqgs. (7.1) and (7.2) reveal an increase in P following an under-utilization

of capacity or ay >0 and y < 0. Hence, a fall in Y (dY* = [V Vy/|J5_1y|1dU) to a
=)

certain extent is quite obvious. Such increase in P either reduces the volume of SRPOE
or eliminates the existence of SRPOE, that is, we find either low H, or H, — 0 and
|FAH,| > |VyVy|. The second scenario illustrates expansionary monetary policy with
low A. Under the present scenario, by using a similar logic we experience a moderate
level of SRPOE as H, # 0 and (|[F,H,| > |V, Vy|) in the presence of utilization argu-
ments. Apart from H,, here F, again makes the differences between the two scenarios,
as we get in the case of expansionary fiscal policy. The third scenario involves an
increase in technological progress or higher f. Higher f may reduce the PM and conse-
quently lead to a fall in P. A reduction in P further enhances the scope of increase in Y
dy* = [—FﬂHr/|J,_M_EE|] dp) due to a rise in M. However, similarly to the fiscal policy
+
regime, here in(tl)le monetary policy context we get the following utilization arguments

with ay > 0 and y < 0 that resume the adverse effect on Y (dY* = [~V Vy /|Jjs_14|14U),
-)

and an upward pressure on P may be realized. Therefore, we can experience SRPOE
even under a regime of positive technological progress if |FﬂHr| > |VUVY|. In short, we

get the highest possible SRPOE owing to expansionary monetary policy under the
regime with high f, or expansionary monetary policy is most effective under the regime
with high ﬁifffpﬂ) > |Fa| and|FyH, | > [Fab,| > [VpVyl

Graphically we can illustrate the same in terms of Fig. 5. Figure 5 explains the effect
of expansionary MP under the present study approach. E is the initial equilibrium,
where sustainable full employment output is obtained in Y1 quantity, and r1 is the rate
of interest. YC is similarly marked as the full capacity output. (YC-Y1) is the magni-
tude of excess capacity.

Now, as expansionary MP is undertaken, LM shifts rightward to LM2 and F becomes
the new demand side equilibrium that absorbs the full capacity of the system. However,
there is environmental degradation, as the expanded economic output produces high
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entropy of energy use. As a result, demand for permit will arise and the cost of permit will
push up the cost of production of goods. Real money balance will then fall, causing LM to
shift back to LM1. If we allow technological progress in line with Lawn, P will go down
and LM will again shift rightward leading to an increase in output. According to Lawn,
there will be continuous rightward shifting of LM due to technological progress until
Ymax is reached. The present study differs here from Lawn’s approach. Although con-
tinuous technological progress causes less and less pollution, output should not increase
beyond YC, or there will be inflationary pressure which will shift back the LM to F (shown
by leftward arrow mark). Hence, the critical position of the LM will be along YC, not free
as claimed by Lawn. Therefore, capacity utilization is a crucial factor to the present study,
which makes our analysis of policy effects different from Lawn’s.

5 Empirical validation

To examine the validity of our theoretical enquiry, we consider the following empirical
exercise. We incorporate a pooled data set consisting of the selected major 28 countries
(comprising 14 developing and 14 developed) across the world for the 2010-2019 period,
for a total of 280 pooled dataset. Further to check the robustness of our empirical study,
we performed the same exercise for two separate pools, the first one exploring the cases of
the developed countries, and the second one illustrating the cases of the selected develop-
ing countries. The concerned variables are GDP (gross domestic product at current USD)
as the dependent variable, government expenditure (G) as the indicator for fiscal policy,
broad money supply as the indicator for monetary policy (M), the institutional factors (I)
consisting of pollution and technological progress captured by the interaction term between
pollution (=CO,/GDP) and technological progress (=R&D/GDP), and the dummy is used
for capacity utilization (Di). The countries in the having more than average capacity uti-
lization (CU) are given the dummy value of 1, while zero is given to the others. All the
above indicators except the GDP (Y) are the independent variables in the empirical model.
Again, in the case of the pool of developed countries, the same dummy of value 1 is put
for those who have more than average value of CU in the group. The same procedures are
followed for the pool of the developing countries. The study goes for estimating three mul-
tiple regression models, first for the pool of 28 (denoted as pool 28), then for the pool of
developed 14 (denoted as pool developed) and finally the pool of developing 14 countries
(denoted as pool developing). The models to be estimated are as follows-

Modell @ Y, pyp08 = &+ Py # G+ Boy = My + By, x I+ By = D + U,

1

Model IL 2 Y; pyor14 pevetopea = i + Bri * G+ Boy 5 My + By # I; + Py Dy + U,

4

Model I 2 Y; pooi14 pevetoping = % + Bri * Gy + oy % My + B3, % I + By, * D+ U,

L

where I=(CO,/GDP)*(R&D/GDP) and U is the disturbance term with N (0, &2).

Table 3 illustrates the outcomes of the pool estimations. The second column represents
the results for the overall pool, and it shows that GDP is positively influenced by govern-
ment stimulus (for given exogenous monetary policy) in the form of expansionary fiscal
policy. Moreover, simultaneous technological progress in terms of R&D expenditure aug-
menting with CO, emission and capacity utilization play a crucial role in promoting GDP.

@ Springer



Revisiting policy combinations under IS-LM-EE framework...

Table 3 Impact of fiscal and monetary policies on GDP. Source: Authors’ own estimations

Dependent variable: GDP

Independent variables Estimates of pool of  Estimates of pool of Estimates of pool of
28 countries developed countries developing countries

Govt. expenditure (G) 0.0374 (0.00) 0.037 (0.00) 0.021 (0.00)

Broad money supply (M) —0.0005 (0.05) 0.00043 (0.17) 0.0012 (0.00)

Interaction term (CO,/ 1.35E+12 (0.36) 1.18E+ 13 (0.00) 3.35E+12 (0.00)

GDP)*(R&D/GDP)
Capacity utilization dummy —4E+11 (0.00) —9.4E+11 (0.00) —1.1E +1 (0.07)
Adjusted R? 0.92 0.94 0.98

The values of 1.35E + 12 means 13,500,000,000,000.00

In this context Table 3 suggests that R&D augmenting with CO, affects GDP positively for
underutilized economies. Therefore, for the overall pool a policy instrument like fiscal pol-
icy accompanied by better technology and less utilization of capacity may result in a higher
increase in GDP compared to economies with higher utilization of capacity. This result
remains valid for the individual pools of developed and developing economies, and it also
confirms Remarks 1 of Sect.4. Again, the outcomes for the overall pool show that GDP is
adversely affected by expansionary monetary policy (for a given exogenous fiscal policy).
However, if we analyse the pools of developed and developing economies separately, we
find a positive impact of expansionary monetary policy on GDP. Moreover, the simulta-
neous presence of technological progress in terms of R&D expenditure augmenting with
CO, emission, strict environmental regulations and capacity utilization may play a crucial
role in promoting GDP. In this context Table 3 suggests that R&D augmenting with CO,
and strong institution affect GDP positively for underutilized economies. Therefore, for the
overall pool, policy instruments like expansionary monetary policy accompanied by better
technology, more environmental restrictions and less utilization of capacity may result in
a higher increase in GDP compared to economies with higher utilization of capital. This
result remains valid for the pools of developed and developing economies with different
intensity, and it also confirms Remarks 2 of Sect. 4.

6 Discussion

So far the study goes, Sects. 4 and 5 show and validate the effectiveness of both the fis-
cal and monetary policies to promote green growth under different set ups in the pres-
ence of capacity utilization argument. For instance, the dynamic analysis of steady states
reveals that expansionary fiscal policy with capacity utilization may lead to an increase
in both Y. However, such increase may be curtailed following the presence of two dis-
tinct crowding out effects, namely FCOE and SCOEACU. This issue is also raised by Cot-
tarelli (2020) and Gramkow (2020) in case of fiscal policy adaptation to promote green
growth. Such fiscal policy sustainability risk can be managed if green public investment
is increased at a higher rate and volume (Cottarelli 2020; IKI 2022). Our findings also
suggest the same, and as reason, we argue that capacity utilization augmented with expan-
sionary green public investment plays the major role. Moreover, in this article we claim
that the nations using relatively less available capacity are the relatively more beneficiaries
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following expansionary green public investment compared to those nations which have
already used more of its capacity. Further the present study signifies the role of institution
and technological progress as the backbone to frame fiscal policy as an effective instru-
ment to get green growth. Now coming to the monetary policy instrument, our study, both
at the theoretical and empirical levels, suggests that expansionary monetary policy is also
effective to achieve high green growth. In fact, under the expansionary monetary policy the
economy may not experience any kind of crowding out effect like that of the fiscal policy.
However, an adverse effect on Y via PM_, may occur. Although such effect in the pres-
ence of less utilization of capacity and better innovation can eliminate the possibility to cut
Y. Indirectly our outcomes re-establishes the arguments proposed by Soubeyran (2020) to
achieve environmental sustainability. In that study the author suggests opting green mon-
etary policy to enjoy the benefits of green growth. Similarly, in our study we argue to adopt
monetary policy in presence of green innovation for under-capacity utilized economies to
find green growth paths. It is to be noted that Akbari et al. (2022) and Chen and Chang
(2013) recognize green innovation as the major element to achieve sustainable develop-
ment. Although the path of achievement of sustainable development is slightly different
in case of the present study as it passes through capacity utilization argument. In fact, the
effectiveness of monetary policy may be greater compared to the overall fiscal policy under
reasonable conditions. These findings are very much in line of Boneva et al. (2021, 2022).

7 Concluding observations

The attainment of sustainable growth and development should be the ultimate goal of an
economy as proposed by the United Nations through its SDG missions. Introducing the
concept of environmental sustainability in the macroeconomic system was thus an impor-
tant research agenda. Daly (1991a, b), Heyes (2000), Lawn (2003a, b) realized studies that
attempted to make the macroeconomic analysis green. While Heyes proposed one expan-
sionary and one contractionary fiscal/monetary policy combination to maintain environmen-
tal sustainability, Lawn suggested that technological progress substitutes the contraction of
the other policy effects. No studies introduced the factor ‘Capacity Utilization’ to justify the
limitation of the technological progress as well as the shifting of the LM curve. The pre-
sent study attempts to fill the gap by introducing the concept of full capacity utilization and
concludes that expansionary fiscal policy, monetary policy and technological progress will
centre on the critical value of full capacity utilization. Movements of LM will not be free as
proposed by Lawn, rather they will stick to the level of full capacity utilization.

In this context, we have used the IS-LM-EE framework to explore the efficacy of both
fiscal and monetary policies in the case of developed and developing economies. To do
this, we have used a dynamic equilibrium analysis where all three schedules are satisfied
simultaneously. To explore policy effectiveness, we considered comparative steady-state
analysis for the relevant markets. Our theory suggests that expansionary monetary policy
accompanied by better technology, strict environmental regulation and less utilization of
capacity may result in a higher increase in output compared to economies with higher uti-
lization of capacity. Similarly, the same applies to fiscal policy parameters, that is, expan-
sionary fiscal policy augmenting with better technology, strict standards and less utilization
of capacity may result in a higher increase in GDP compared to economies with higher uti-
lization of capacity. Further, to check the robustness of our theoretical model we have used
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pooled data sets for both developed and developing economies, which basically validates
our theoretical understanding.

7.1 Limitations of the study and future research agenda

Though the study has obtained satisfactory policy results on the IS-LM-EE framework using
both theoretical and empirical models, we recognize its limitations. The study could have
considered the complementary relationships between the physical and natural capitals instead
of the substitute relations. On the other hand, the study could also have considered the empir-
ical model using long time series data and attempted an analysis at the level of individual
countries in a VAR structure. By including these issues, the results could have been more
robust, if controlled properly. The study keeps them on the agenda for its future research.

Appendix 1: Stability of IS-LM-EE model
Case 1- dynamic stability and IS-LM model
Considering (5) and (11) and representing the same in matrix form we get

Y1 _[vy V. ][Y-Ye
il H, H r—r¢ (23)

r

The corresponding Jacobian of (23) can be written as

Jis—m = [ I‘Z I‘L/Irr] (24)
Trace of the Jacobian
Trlig 1y =Vy+H, <0 25)
The determinant of the above Jacobian is
|det Jis_ru| = YYI{r_‘irI_{LY >0 (26)

Expressions (25) and (26) ensure the stability of the dynamic equilibrium in IS-LM
model.

Case 2-dynamic stability and IS-EE model

Considering (5) and (13) and representing the same in matrix form we get
Y1 _[vy V. ][Y-vYe
il Fy F, r—r° @7
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The corresponding Jacobian of (27) can be written as

Jis—gE = [;;/i Z:] (28)
Trace of the Jacobian
Trig_pp = \iY +Ii, <0 (29)
The determinant of the above Jacobian is
|detJys_g| = Wk, =V, Fy> 0 (30)

Expression (29) must be negative to ensure the stability of IS-EE model and it is
possible only if absolute value of the slope of IS schedule is greater than the absolute

value of the slope of EE schedule, that is, %

Fy |
F, |stope-EE

> | B

slope—IS
Expressions (29) and (30) under shade of
dynamic equilibrium in IS-EE model.

Yy
v,

ensure the stability of the

r r

Case 3-dynamic stability and LM-EE model

Considering (11) and (13) and representing the same in matrix form we get

Y| _[Fy F |[Y-Ye
il |Hy H r—r G

r

The corresponding Jacobian of (31) can be written as

Fy, F
oy em=|F 7 32
LM—-EE [HY Hr] ( )
Trace of the Jacobian
TrJLM—EE = Fy+Hr < O (33)

The determinant of the above Jacobian is

|det J; 5 g =FYH,—F,Fiy >0 (34)

Expressions (33) and (34) ensure the stability of the dynamic equilibrium in LM-EE
model.

To get the overall stability of our said IS-LM—-EE model we follow the work of Zhang
and Lee (2017). Hence, by combining cases (1) to (3) we find that the IS-LM-EE model
will be a stable one if and only if absolute value of the slope of IS schedule is greater
than the absolute value of the slope of EE schedule.
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Appendix 2: Comparative steady-state analysis and major
mathematical derivations

Comparative steady-state and U

Interaction between IS and LM

Equations (4) and (9) can be expressed in the following form

[VY V,] [dY*] _ [VUdU] 35)
Hy H, ) dr* 0
From (35) we obtain (dY*/dU) and (dr* /dU)
) Vy Vy
dy -t = <o (36)
dU  |Jis_ul
+
y Vy Hy
dr —__*t* o 37)
au |rs—rm]
+

Interaction between IS and EE

Equations (4) and (13) can be expressed in the following form

[VY V,] [dY*] _ [deU] 38)
Fy F, ) dr* 0
From (38) we obtain (dY*/dU) and (dr* /dU)
Vy Vy
di = ; <0 (39)
AU |Jps_ge|
+
. Vy Fy
dr -t <o 40)
au [rs—Ee|
+
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Comparative steady-state and A

Interaction between IS and EE

Equations (4) and (13) can be expressed in the following form

Vy V. dy*]| _ [-V,dA
Fy F| .. |dr |7 |-Fuaa SO
Ay
From (41) we obtain (dY*/dA) and (dr* /dA)
Vr FA
[is—ge|
+
VyFy
at __ -+ 43)
dA [rs—Ee|
+

Interaction between LM and EE

Equations (9) and (13) can be expressed in the following form

Fy F, dy*| [ =F,dA
Hy H, |y o | dr | T [ -Hyda (44)
From (44) we obtain (dY*/dA) and (dr* /dA)
F,H,
T 45
a5~ Vi sl @
+
H,F
dr* +Y +A >0 46
a8~ Vel o
+
Comparative steady-state and 3.
Interaction between IS and EE
Equations (4) and (13) can be expressed in the following form
Vy V, dv*| _ [-V,dp
[FY Fr](y*r*)[dr*]_[_Fﬁdﬁ “7)
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From (47) we obtain (dY*/df) and (dr* /dp)

i v, Fﬂ
ay - * >0 (48)
dﬂ |‘]IS—EE|

+

. Vy Fﬁ
dL -t <0 (49)
dﬂ |‘]IS—EE|

+

Interaction between LM and EE

Equations (9) and (13) can be expressed in the following form

Fy F, ay*] [ -Fydp
Hy H, |y | dr | = | ~H,dp (50)

From (50) we obtain (dY* /dp) and (dr* /dp)

. FyH,
dl = —; >0 (51)
dﬁ |JLM—EE|
+

X Hy Fj
dL = ; >0 (52)
dﬁ iJLM—EEl

+

Comparative steady-state and monetary policy

Interaction between IS and LM

Equations (4) and (9) can be expressed in the following form

v, V. av'] [ o
Hy H, | L dr |~ | Hyam (53)

From (53) we obtain (dY* /dM) and (dr* /dM)

« HM Vr
ZY =-7——>0 (54)
M |‘I1S—LM|
+
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« HM VY
am |JIS—LM|

Interaction between LM and EE

Equations (9) and (13) can be expressed in the following form

F, F, day* —FdM
L= 56)
Hy H, |, .| dr —H,,dM (

From (56) we obtain (dY*/dM) and (dr* /dM)

F.H
am |JLM—EE|
+
H, F
am |JLM—EE|
+

Author contributions All authors contributed to the study conception and design. All authors read and
approved the final manuscript.

Funding Open access funding provided by Universita degli Studi di Genova within the CRUI-CARE Agree-
ment. The authors declare that no funds, grants, or other support were received during the preparation of
this manuscript.

Declarations

Conflict of interest The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this article.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Akbari, M., Padash, H., Parizi, S., et al.: A bibliometric Review of green innovation research: identifying
knowledge domain and network. Qual. Quant. 56, 3993-4023 (2022)

Alaimo, L., Ciacci, A., Ivaldi, E.: Measuring sustainable development by non-aggregative approach. Soc.
Indic. Res. 157, 101-122 (2021)

@ Springer


http://creativecommons.org/licenses/by/4.0/

Revisiting policy combinations under IS-LM-EE framework...

Azam, M., Feng, Y.: Does foreign aid stimulate economic growth in developing countries? Further evi-
dence in both aggregate and disaggregated samples. Qual. Quant. 56, 533-556 (2022). https://doi.org/
10.1007/s11135-021-01143-5

Baumol, W.J., Oates, W.E.: The theory of environmental policy. J. Econ. Lit. 30(6), 675-740 (1992)

Betancourt, R.R., Clague, C.K.: Capital Utilization: a Theoretical and Empirical Analysis. Cambridge Uni-
versity Press, Cambridge (1981)

Boneva, L., Ferrucci, G., Mongelli, F. P.: To be or not to be “green”: how can monetary policy react to cli-
mate change? Occasional Paper Series, No. 285, European Central Bank, November. (2021). https://
www.ecb.europa.eu/pub/pdf/scpops/ecb.op285~be7d631055.en.pdf

Boneva, L., Ferrucci, G., Mongelli, F.P.: Monetary policy and the green transition, SUERF Policy Brief, No.
268, February. (2022). https://www.suerf.org/docx/f_ba3f349ccf03db34ffe32da4a234cad2_40029_
suerf.pdf

Cecchetti, S.G.: Inflation indicators and inflation policy. In: Bernanke, B.S., Rotemberg, J.J. (eds.) NBER
Macroeconomics Annual, pp. 189-219. Massachusetts Institute of Technolgoy Press, Cambridge
(1995)

Chen, Y.S., Chang, K.C.: The nonlinear effect of green innovation on the corporate competitive advantage.
Qual. Quant. 47(1), 271-286 (2013)

Cottarelli, C.: The role of fiscal rules in relation with the green economy, Economic Governance Support
Unit and Policy Department, European Parliament, August. (2020). https://www.europarl.europa.eu/
RegData/etudes/IDAN/2020/651364/IPOL_IDA(2020)651364_EN.pdf

Daly, H.E.: Elements of environmental macroeconomics. In: Costanza, R. (ed.) Ecological Economics:
The Science AND Management of Sustainability, pp. 32—46. Columbia University Press, New York
(1991a)

Daly, H.: Towards and environmental macroeconomics. Land Econ. 67, 255-259 (1991b)

Daly, H.E., Farley, J.: Ecological Economics: Principles and Applications, 2nd edn. Island Press, Washing-
ton (2011)

de Kock, G.S.P., Nadal-Vicens, T.: Capacity utilization-inflation linkages: a cross-country analysis, Federal
Reserve Bank of New York Research Paper, No. 9607, April. (1996)

Decker, S., Wohar, M.E.: Substitutability or complementarity? Re-visiting Heyes’ IS-LM-EE model. Ecol.
Econ. 74, 3-7 (2012)

Dixon, H., Savagar, S.: The effect of firm entry on capacity utilization and macroeconomic productivity,
Meeting Papers 1130, Society for Economic Dynamics. (2017)

Dotsey, M., Stark, T.: The relationship between capacity utilization and inflation. Bus. Rev. (fed. Reserv.
Bank Phila.) 9(Q2), 8-17 (2005)

Finn, M.G.: A theory of the capacity utilization/inflation relationship. Fed. Reserv. Bank Richmond Econ.
q. 82(3), 67 (1996)

Fontana, G., Sawyer, M.: Post-Keynesian and Kaleckian thoughts on ecological macroeconomics. Eur. J.
Econ. Econ. Policies Interv. 10(2), 256-267 (2013)

Fontana, G., Sawyer, M.: Towards post-Keynesian ecological macroeconomics. Ecol Econ 121, 186-195
(2016)

Franz, W., Gordon, R.J.: German and American wage and price dynamics. Eur. Econ. Rev. 37, 719-762
(1993)

Gittings, T.A.: Capacity utilization and inflation. Econ Perspect. Fed. Reserv. Bank Chic. 13, 2 (1989)

Goodwin, R.M.: The nonlinear accelerator and the persistence of business cycles. Econometrica 9, 1-17
(1951)

Gordon, R.J.: Inflation, wages, and productivity, testimony prepared for the House Budget Committee.
(1994)

Gramkow, C.: Green fiscal policies: an armoury of instruments to recover growth sustainably, studies and
perspective, series 5, ECLAC Office in Brasilia. (2020). https://repositorio.cepal.org/bitstream/handle/
11362/45418/1/S2000005_en.pdf

Halkos, G., Paizanos, E.: Environmental macroeconomics: a critical literature review and future empirical
research directions. (2015). https://mpra.ub.unimuenchen.de/67432/1/MPRA_paper_67432.pdf

Hamberg, D.: Full capacity vs. full employment growth. Q. J. Econ. 66(3), 444-449 (1952)

Heyes, A.: A proposal for the greening of textbook macro: ‘IS-LM-EE’. Royal Holloway, University of
London: Discussion Papers in Economics 99/7, Department of Economics, Royal Holloway University
of London, February. (2000)

Hicks, J.R.: Mr. Keynes and the “classics’: a suggested interpretation. Econometrica 5(2), 147-159 (1937)

Hicks, J.R.: IS-LM: an explanation. J. Post Keynes. Econ. 3(2), 139-154 (1981)

@ Springer


https://doi.org/10.1007/s11135-021-01143-5
https://doi.org/10.1007/s11135-021-01143-5
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op285~be7d631055.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op285~be7d631055.en.pdf
https://www.suerf.org/docx/f_ba3f349ccf03db34ffe32da4a234cad2_40029_suerf.pdf
https://www.suerf.org/docx/f_ba3f349ccf03db34ffe32da4a234cad2_40029_suerf.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2020/651364/IPOL_IDA(2020)651364_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2020/651364/IPOL_IDA(2020)651364_EN.pdf
https://repositorio.cepal.org/bitstream/handle/11362/45418/1/S2000005_en.pdf
https://repositorio.cepal.org/bitstream/handle/11362/45418/1/S2000005_en.pdf
https://mpra.ub.unimuenchen.de/67432/1/MPRA_paper_67432.pdf

R.C.Dasetal.

IKI.: Green recovery: the role of fiscal policies, international climate initiative, the Federal Government,
Germany. (2022). https://www.international-climate-initiative.com/en/iki-media/news/green_recov
ery_the_role_of_fiscal_policies/

Jackson, T.: Prosperity Without Growth: Economics for a Finite Planet. Sterling, VA, Earthscan, London
(2009)

Jackson, T., Drake, B., Victor, P., Kratena, K. and Sommer, M.: Foundations for an ecological macroeco-
nomics: literature review and model development. Workpackage 205, Milestone 38, Welfare Wealthy
Work for Europe Project. Vienna: WIFO (2014)

Kaldor, N.: A model of the trade cycle. Econ. J. 50, 78-92 (1940)

Kalecki, M.: A macrodynamic theory of business cycles. Econometrica 3, 327-344 (1935)

Kalecki, M.: Selected Essays on the Dynamics of the Capitalist Economy. Cambridge University Press,
Cambridge (1971)

Lawn, P.A.: On Heyes’ IS-LM-EE proposal to establish an environmental macroeconomics. Environ. Dev.
Econ. 8, 31-56 (2003a)

Lawn, P.A.: Environmental macroeconomics: extending the IS-LM model to include an ‘Environmental
Equilibrium’ curve. Aust. Econ. Pap. 42(1), 118-134 (2003b)

Marris, R.: The Economics of Capital Utilisation: a Report on Multiple Shift Work. Cambridge University
Press, Cambridge, UK (1964)

McCallum, B.T.: A semi-classical model of price-level adjustment. Carnegie Rochester Conf. Ser. Public
Policy 41, 251-284 (1994)

Moraes, G.I., Serra, M.A.: O modelos IS-LM-EE para economias abertas e distin¢gdes dos efeitos para as
economias nacionais. Econ. Soc. 20, 53-78 (2011)

Nagqvi, A.: Modeling growth, distribution, and the environment in a stock-flow consistent framework. Wel-
fare Wealthy Work for Europe Project, WIFO, Vienna, Policy Paper, n. 18 (2015)

Patinkin, D.: Price flexibility and full employment. Am. Econ. Rev. 38, 543-564 (1948)

Pearce, D.W., Turner, R.K.: Economics of natural resources and the environment. Am. J. Agric. Econ.
73(1), 227 (1991)

Pigou, A.C.: The Economics of Welfare. Macmillan, London (1920)

Rezai, A., Stagl, S.: Ecological macroeconomics: introduction and review. Ecol. Econ. 121, 181-185 (2016)

Rezai, A., Taylor, L., Mechler, R.: Ecological macroeconomics: an application to climate change. Ecol.
Econ. 85, 69-76 (2013)

Ropke, I.: Ecological macroeconomics: implications for the roles of consumer-citizens. In: Cohen, M.J.,
Brown, H.S., Vergragt, P.J. (eds.) Innovations in Sustainable Consumption. New Economics, Socio-
technical Transitions and Social Practices, pp. 48-64. Edward Elgar, Cheltenham (2013)

Ropke, I.: Complementary system perspectives in ecological macroeconomics—the example of transition
investments during the crisis. Ecol. Econ. 121, 237-245 (2016)

Schneider, F., Kallis, G., Martinez-Alier, J.: Crisis or opportunity? Economic degrowth for social equity and
ecological sustainability. Introduction to this special issue. J. Clean. Prod. 18(6), 511-518 (2010)

Sim, N.: Environmental Keynesian macroeconomics: Some further discussion. Ecol. Econ. 59(4), 401-405
(2006). https://doi.org/10.1016/j.ecolecon.2005.11.006

Soubeyran, J.C.: The role of monetary policy in the ecological transition: an overview of various greening
options. Veblen Institute for Economic Reform, December. (2020). https://www.veblen-institute.org/
IMG/pdf/the_role_of _monetary_policy_in_the_ecological_transition_an_overview_of_various_green
ing_options.pdf

Taylor, L., Rezai, A., Foley, D.K.: An integrated approach to climate change, income distribution, employ-
ment, and economic growth. Ecol. Econ. 121, 196-205 (2016)

Tinsley, P.A., Krieger, R.: Asymmetric adjustments of price and output. Econ. Inq. 35(3), 631 (2007)

Winston, G.C.: The Theory of Capital Utilization and Idleness. J. Econ. Lit. 12(4), 1301-1320 (1974)

Zhang, M.R., Lee, C.M.: Economic policy of sustainable development based on IS-LM-EE model. Appl.
Ecol. Environ. Res. 15(3), 785-795 (2017)

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://www.international-climate-initiative.com/en/iki-media/news/green_recovery_the_role_of_fiscal_policies/
https://www.international-climate-initiative.com/en/iki-media/news/green_recovery_the_role_of_fiscal_policies/
https://doi.org/10.1016/j.ecolecon.2005.11.006
https://www.veblen-institute.org/IMG/pdf/the_role_of_monetary_policy_in_the_ecological_transition_an_overview_of_various_greening_options.pdf
https://www.veblen-institute.org/IMG/pdf/the_role_of_monetary_policy_in_the_ecological_transition_an_overview_of_various_greening_options.pdf
https://www.veblen-institute.org/IMG/pdf/the_role_of_monetary_policy_in_the_ecological_transition_an_overview_of_various_greening_options.pdf

	Revisiting policy combinations under IS–LM–EE framework introducing capacity utilization
	Abstract
	1 Introduction
	1.1 Motivation and contribution of the study

	2 Brief review of the literature on IS–LM–EE
	3 Environmental macroeconomic background and rationale of the present study
	3.1 Conceptual notes on green macroeconomics and capacity utilization linkages
	3.2 Structure of the present study

	4 Revisiting the IS–LM–EE model in the wake of capacity utilization
	4.1 Environmental macroeconomic equilibrium
	4.2 Policy effectiveness: present study vis-à-vis lawn
	4.2.1 Expansionary fiscal policy
	4.2.2 Expansionary monetary policy


	5 Empirical validation
	6 Discussion
	7 Concluding observations
	7.1 Limitations of the study and future research agenda

	References


