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ABSTRACT 
 

The debate on sustainable use of natural resources, population growth, the role of technology in 
economic growth, and individual preferences have a long history, starting from Malthus’s noble 
argument on biophysical limits to growth to ecological economist’s sustainable development 
perspective. After more than two centuries of Malthus's argument, still we are in progress to 
understand the relationship between human beings and nature. It is prerequisite to track the 
economic growth and development pattern of north and south. Hence, By reviewing the growth 
pattern of the global south and north, the present paper systematically reviewed the different 
perspectives of biophysical limits to economic growth. Further, the paper comes up with a new 
estimation of economic growth trajectory by incorporating negative and positive externalities occurs 
during the production process.  
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1. INTRODUCTION  
 
There has been a subject of controversy for more 
than two centuries that can we expect unlimited 
economic growth in a world endowed with finite 
resources, if biophysical limits are important 
factors in determining future trends of economic 
growth [1]. With scare natural resources and 
exponential growth in population, can we achieve 
economic growth indefinitely? Does technology 
should be perceived as the “ultimate” escape 
from the problem of resource scarcity or 
technology contribute further environmental 
deterioration? Does human- made capital equally 
substitutable with the natural capital? These are 
some policy questions raised by the (i) 
Malthusian, (ii) Neoclassical, and (iii) Ecological 
economists in the context of biophysical limits to 
growth. Malthusian economists argued that 
economic activity cannot be expected to grow 
indefinitely unless the rates of population growth 
and/or the rate of resource utilization are 
effectively controlled [2]. Limits to economic 
growth could come through either the depletion 
of key resources and/or large-scale degradation 
of the natural environment. Malthusian 
economists have provided a simple functional 
relationship between population, growth and 
resource scarcity. They have postulates that the 
total amount of land available for agriculture is 
immutably fixed, while the growth of population is 
limited by amount of food available for 
subsistence, and human population will 
invariably increase where the means of 
subsistence increase. They then stated that if no 
prevented by some checks, the tendency is for 
the population to grow geometrically (2, 4, 8, 16, 
etc.) while the means of subsistence grows 
arithmetically (1, 2, 3, 4, etc). Unless this 
tendency of ever-increasing imbalance between 
the growth rates in population and the means of 
subsistence is resolved by moral restraints, on 
the long-run vice and misery will ultimately 
repress the superior power of a population to a 
level consistent with the means of subsistence. 
In other words, population growth, if left 
unchecked, would lead to the eventual downfall 
of living standards to a point sufficient for 
survival. This has been called Malthus’s iron low 
of wages.  
 
Fig. 1 graphically explained the Malthus law. If 
we assume that quantity of labour L, can be used 
as a proxy for population size and real output, 

Q/L, as a measure of per capita income, Fig. 1 
can be viewed as depicting the relationship 
between population size and per capital income. 
This relationship is constructed assuming fixed 
amounts of resources (i.e., land & technology). 
Since the intent here is to offer an alternative 
explanation to the simple Malthusian model, let 
output, Q, represent agricultural or food products 
in general.  
 
In Fig. 1, per capita food output, Q/L, was initially 
rising with an increase in population. This 
positive association between population and per 
capita food production continued until the 
population size (labour force) reached L1. 
Beyond this point, however, farm labour 
productivity (measured in terms of output per unit 
labour service) started to decline with each 
successive addition of labour service in 
accordance with the law of diminishing marginal 
product. Since fertile land is assumed to be fixed 
is supply, more labour applied to a given plot of a 
homogeneous quality of land or to a successively 
less fertile plot of land yields a proportionately 
smaller return. Hence, as the population 
increases and, accordingly, so does the demand 
for food and fiber, the production of any 
additional units of farm output requires 
progressively larger quantities of labour.  
 
The thick horizontal line in Fig. 1- represents the 
output per unit of labour (or real wage rates) 
barely sufficient for survival, i.e., the subsistence 
level of food. Thus, when the labour force (i.e., 
the population) has increased to a level L2, the 
Malthusian margin is attained. This will be a 
stable long-run equilibrium, because for a 
population below L2, unless enforceable public 
policy measures are taken to limit population 
growth, according to Malthus the natural 
tendency of the human population is to continue 
growing as long as the per capita food exceeds 
the minimum food required for a subsistence like- 
Q*/L*. On the other hand, any increase of 
population beyond L2 would be prevented, or, to 
use Malthus’s terms, by “vice and misery”. Thus, 
in the long-run, disease, malnutrition and famine 
will bring growth to a halt at L2. Finally, one 
interesting feature of the simple model above is 
its suggestion of an optimum population size 
(labour force). In Fig. 1, the optimum population 
size is attained at L1, where the per capita food 
level is at its maximum.  
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Fig. 1. Malthusian growth model 
 

Even though, Malthusian economists have been 
provided a simple function relationship between 
population, growth and resource scarcity, but it 
ignores (i) the institutional factors that affect 
population growth, (ii) underestimate the role of 
technology in the growth process and, (iii) fails to 
explain the effect of economic growth on the 
natural ecosystem and its inhabitants as a whole 
[3]. In totality, the simple Malthusian theory of 
population and resources is viewed as 
incomplete from economic, technological, and 
ecological perspectives [4]. 
 
Neoclassical economists argued that natural 
resource scarcity can be continually augmented 
by technological means. Human-made capital 
such as machines, building, roads, etc., and 
natural capital such as forests, coal deposits, 
wetland preserves, wilderness, etc. are 
substitutable indefinitely [5]. They believed that 
technology- by finding substitutes, through 
discovery of new resources, and by increasing 
the efficiency of resource utilisation has almost 
no bounds in ameliorating natural resource 
scarcity.  
 
They also argue that significant improvements in 
environmental quality are fully compatible with 
economic growth for the following reasons: First, 
one of the benefits of economic growth is an 
increase in per capital income. Higher per capital 
income will increase the demand for improved 
environmental quality. This means increased 
expenditures on environmental clean-up 

operations. Second, continued improvement in 
pollution abatement technology will not allow the 
cost of environmental clean-up to grow without 
bound. That is, in a healthy and growing 
economy, growth in pollution abatement 
expenditures will be continually moderated by 
technological advance, furthermore, even if this 
is not the case, increase in pollution clean-up 
expenditure need not be a major concern unless 
it is a large proportion of the Gross National 
Product (GNP). In general, expenditures on 
pollution abatement are a very small portion of 
GNP. 
 
Although, neoclassical economists have provided 
a better understanding about the relationship 
between technology, resource scarcity and 
economic growth, yet ecological economist 
criticized that human- made capital and natural 
capital are not substitutable indefinitely. They are 
complementary in nature. They argued by the 
use of the second law of thermodynamics. The 
law place limits on the substitution of human-
made capital for natural capital (law of entropy 
matter and energy) and, therefore, the ability of 
technological change to compensate for the 
depletion or degradation of natural capital. In 
fact, in the long run, natural and human-made 
capital is complements because the later 
requires material and energy for its production 
and maintenance. This is indeed a rejection of 
one of the important core principle of the 
neoclassical growth paradigm, i.e., the notion of 
infinite substitution between human-made and 
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natural capital. Third, ecological economists 
suggested that economic growth is a subsystem 
of natural ecosystems. They suggested that 
balance between human economy and natural 
ecosystem should be maintained through 
sustainability approach. In the economic growth 
estimation, loss of natural resources should be 
accounted

1
. 

With the above evidences, this paper 
systematically reviewed the different 
perspectives of limits to growth starting from 
Malthusian to ecological economists. Paper also 
comes up with sustainable solutions (i.e, green 
economy) which rejects Malthusian hypothesis 
on limits to growth.  
 
This paper divided into three sections. 
Discussion on limits to growth in brief is made in 
Section- 1, while different perspectives and 
approaches of limits to growth are systematically 
and critically reviewed in Section-2, and 
concluding remarks are made in the Section-3.   
 

2. BIOPHYSICAL LIMITS TO ECONOMIC 
GROWTH 

 

2.1 Malthusian Perspective 
 
Malthus started debate on biophysical limits to 
economic growth by using of his first official 
known work on the relationship between 
resource use, population, and unlimited 
economic growth. Malthus argued that the 
development of mankind was severely limited by 
the pressure of population growth exerted on the 
availability of resources. Malthus had given three 
assumptions in his population and resource use 
theory, i.e., (i) natural resources are fixed in 
absolute term, (ii) the world’s population tends to 
increase at a faster rate than the resource 
regenerate, and (iii) population grows at a 
geometric rate, the production capacity of 
resources only grows arithmetically. By using 
these three assumptions, Malthus predicted that 
in a short period of time, limits to economic 
growth would be in reliability. To avoid limits to 
economic growth, Malthus was suggested two 
possible solutions, viz., preventive check and 
positive check. The preventive check consists of 

                                                           
1  Stern [6] suggested that without accounting of natural 
resources depletion, we cannot estimate real growth rate. 
Defensive expenditure in terms of health expenditure has 
also to be accounted. Further, the rate of renewable and non-
renewable resources depletion should be account in the 
gross national product, which is best acceptable indicator for 
economic growth. 
 

voluntary limitations of population growth and On 
the other hand; the positive check to population 
is a direct consequence of the lack of a 
preventive check

2
. When society, does not limit 

population growth voluntarily, diseases, famines, 
and wars reduce population size and establish 
the necessary balance with resources3. Hence, 
preventive and positive checks, by controlling 
population growth, eventually close the mismatch 
between the size of population and availability of 
resources. The preventive and positive checks 
are temporary measures and in the long-run, 
cost of creating misery and wickedness, such as 
climate change and loss of biodiversity cannot be 
avoided and are beyond the control of mankind.  
 
Malthus also discussed about the role of 
technology in the economic growth paradigm. He 
argued that technological improvement that 
contribute to the increase in agricultural yields 
would not only produce a temporary increase in 
living standards, but also offset in the long-run by 
a corresponding increase in population size. 
Malthus has opposed to resources substitution 
such as monetary transfer from rich to poor 
individuals

4
. He argued that increasing welfare of 

the poor by giving them more money would 
eventually worsen their living conditions, as they 
would mistakenly be lead to think that they can 
support a bigger family, which would in turn 
depress the preventive check and generate 
higher population growth. At the end of this 
process, the same amount of resources has to 
be divided into a larger population, triggering the 
work of the positive populations check. More 
specifically, an immediately after such a transfer, 
people can afford buying more food, bidding its 
price up and decreasing real wages which hurt 
poor individuals whose main income comes from 
their labour.  
 
After nearly two centuries of Malthus argument 
on limits to economic growth, Ehrlich- Commoner 
(EC) [7] has developed a model by using the 
population, affluence, and technology. The EC 

                                                           
2  The positive check suggested that individuals, before 
getting married and building a family, make rational decisions 
based on the income they expect to earn and the quality of 
life anticipate for maintaining in the future for themselves and 
their families. 
 
3 Malthus argued that, the positive checks acts more 
intensively in lower classes, where infant mortality rates are 
higher and unhealthy conditions are more common. 
 
4 Later on neoclassical adopted this assumption that natural 
resources and human-made resources are equally 
substitutable and we can achieve indefinitely economic 
growth. 
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model starts with the postulate that all human 
activities modify the natural environment to some 
extent. In its simplest form, this model can be 
mathematically expressed as follows: 
 

� = � ∗ � ………… . (1) 
 
Where the variable I represents the total 
environmental effect or damage measured in 
some standard unit, P is a variable representing 
population size in terms of head count, and F is 
an index that measures the per capital impact (or 
damage) to the environment. Equ. 1 formally 
states that, at any given point in time, the total 
environmental impact of human activities is a 
product of the underlying population size, P, and 
the per capita damage to the environmental, F. in 
other words, total environmental impact equals 
total population multiplied by the average impact 
that each individual person has on the 
environment. However, this function dos not tell 
us what factors determines the per capita impact, 
F, or whether or not population size and per 
capita impact are interrelated. In other words, a 
good deal of complexity is masked in the above 
model. Thus, to make this simple model more 
revealing and of some practical value, we need 
to further examine the per capital impact as a 
separate function that is affected by several key 
variables as expressed below: 
 

� = ���, �, �, �(�)�……… . (2) 

 
Where c indicates per capita consumption or 
production, t represent technology and g refers to 
the composition or the mix of material inputs or 
output used in an economy.  
 
Thus, when we take equations 1 & 2 together, 
we see that the total environmental impact, I, of 
human activities depends on total population, P, 
and a host of other interrelated variables 
affecting the per capita damage function.  
 
In this model, population was in the centre, as 
Malthus was taken, however EC have taken an 
unwavering position that human population 
growth is the primary culprit in a period of 
continued resource depletion and environmental 
degradation. By using the law of diminishing 
marginal returns, he argued that the total impact 
on the environment is equalled total population 
multiplied by the average impact that each 
person has on the environment. The argument is 
that most of developed nations’ economies are 
already operating at a high level of production 
capacity. These nations are, therefore, on the 

diminishing returns of their production activities. 
Under these circumstances, if other factors are 
held constant, successive additions of population 
would require the increased use of natural 
resources [8]. Thus, as population continues to 
grow, per capita impact, in terms of resource 
depletion and environmental deterioration will 
increase successively [9]. Further, the decision to 
change the composition of economic inputs and 
outputs is made purely for profit motives. 
Therefore, input and output decisions are made 
on the basis of technical efficiency (increased per 
capita production, which increases profit), rather 
than the impacts these decisions may on the 
environment [10].  
 
The EC have criticized to Malthus on the role of 
population. He argued that population is not 
solely responsible for the natural resource 
depletion. His argument was that the population 
growth plays a minor role in explaining the 
environmental and resource conditions of the 
modern era, especially in economically advanced 
regions of the world. Instead, EC believes that a 
major part of environmental results from the 
inappropriate application of modern technology in 
the economy. This is because technological 
choices are often made purely on the basis of 
profitability rather than environmental 
sustainability

5
. 

 

2.2 Neoclassical Perspective 
 
Neoclassical economists in majority believed that 
there is no such kind of resources depletion as 
pointed by the Malthusian and neo-Malthusian 
economists. Instead, the real issue of 
significance is to understand the circumstances 
under which technological progress would 
continue to ameliorate resource scarcity as 
pointed by the Malthusian economists. In other 
words, the fundamental issue addressed in this 
context was not much in existence for 
biophysical limits, but rather important, through 
technological progress and appropriate 
institutional arrangements. The neoclassical 
economic prospective of natural resource 
scarcity, allocation and measurement is based 
on the following assumptions: (i) nothing rivals 

                                                           
5  Ehrlich-Commoner [7] belongs to neo-Malthusian club of 
economists. He believed that use of technology can be 
harmful in the resource full closed agro-based economy. 
Later on ecological economists partially agreed with 
commoner that technology can be increased the rate of 
natural resources depletion especially of non-renewable 
resources. In many parts of the world, the rate of mining for 
coal and fossil fuels has increased many fold observed in the 
recent decades. 
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the market as a medium for resource allocation, 
(ii) resources valuation depends only on 
individual preferences and initial endowments as 
determinants of prices, (iii) for privately owned 
resources, market prices are “true” measures of 
resource scarcity, (iv) price distortions arising 
from externalities can be effectively remedied 
through appropriate institutional adjustments (v) 
resource scarcity can be continually augmented 
by technological means, and (vi) human-made 
capital (such as machines, buildings, roads etc.) 
and natural capital (such as forests, coal 
deposits, wetlands preserves, wilderness, etc.) 
are perfectly substitutes.  
 
On the basis of these assumptions, neoclassical 
economists rejected Malthusian theory of 
population and resource scarcity. They criticized 
about the role of technology in the economic 
growth process. They believed that, under the 
right circumstances, technology will continue not 
only spare resources, but also to expand our role 
[11,12]. Kuznets’s [12] by used of inverse 
relationship between pollution and economic 
growth, and Grossman and Krueger (1996) 
argued that continued improvement in pollution 
abatement technology will not allow the cost of 
environmental cleanup to grow without bound. 
That is, in a healthy and growing economy, 
growth in pollution abatement expenditures will 
be continually moderated by technological 
advancement ([8]. Further, even if this is not the 
case, increase in pollution cleanup expenditure 
need not be a major concern unless it is a large 
proportion of the Gross National Product (GNP). 
In general, expenditures on pollution abatement 
are a very small portion of GNP. 
 
Neoclassical economists also rejected 
Malthusian assumption that natural resources 
are fixed in absolute term. They argued that 
biophysical limits to economic growth can be 
overcome by substituting natural resources by 
the human-made resources. By using of the 
advance and efficient technological development, 
resources can be substituted from more plentiful 
to less plentiful, such as wood replaced by coal, 
coal replaced by natural gas, and natural gas 
replaced by solar energy. 
 
Lastly, neoclassical economists criticized the 
Malthusian economists on the issue of 
population. They believed that economic growth 
is not only good for the environment, but also a 
cure for a nation’s population problem. This 
contention is supported by what is commonly 
known as the theory of demographic transition. 

This theory is based on the empirical 
generalization and it claims that as nations 
develop, they eventually reach a point where 
birth rate falls. In other words, in the long-run, the 
process of industrialization is accompanied by a 
sustained reduction in population growth. This is 
because the increase in income of the average 
family in the course of industrialization reduces 
the desire for more children. However, they 
ignored the heterogeneity in the growth placed 
by the regional disparities. They failed to explain 
individual preference(s) and change in 
consumption pattern in the developed countries 
with reducing population size maintain the level 
of resource use. Further, current pattern of 
resource use, technological advancement, 
population size, and economic growth in the so 
called developed countries, rejected the core 
principle of neoclassical [12] that technology 
would be ultimate solution of all environmental 
evils. 
 

2.3 Ecological Perspective 
 
The resource use, growth in population size, 
improvement in technology, the role of 
institutional sector, depletion of natural resources 
and human wisdom presented complex 
relationship between natural and human-made 
economy as discussed by Malthus, Malthusian 
and neoclassical economists. In contrast to 
neoclassical economists, ecological economist 
believed that human economy is a subsystem of 
the ecosystems. Limits to economic growth could 
no longer be argued solely on the basis of the 
possibility of running out of conventional 
resources as Malthusian believed nor could 
technology be viewed as the ultimate means of 
circumventing ecological limits as neoclassical 
economists advocated. Ecological economists 
argued that technology can be abused or 
misused and it could be blessed. For example, a 
technological advance that decreases the need 
for throughput, while maintaining a material 
standard of living at some desired level, is indeed 
to be sought after. On the other hand, if 
technological advance is directed towards 
producing more goods and services with no limit 
in sight, such a strategy is highly questionable 
from the viewpoint of long-term sustainability. 
Further, the use of technology in the production 
process is purely based on cost-benefit analysis. 
For example, a producer or entrepreneur only 
used technology when the cost of technology 
adoption is cheaper than the substitutes, i.e., 
labour and natural resources. On the other hand, 
if cost of technology is higher than the labour and 
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natural resources, the entrepreneur preference 
would be labour and natural resources rather 
than technology. 

 
Ecological economists argued by using the 
steady- state economy model, any technological 
change that results in the maintenance of a given 
stock (labour, capital and natural resources) with 
a lessened throughput is clearly to be 
encouraged [13]. Ecological economists criticized 
the Neo- classical economists on resource 
substitution through the use of the law of 
thermodynamics. It placed limits on the 
substitution of technological change to 
compensate for the depletion or degradation of 
natural capital [14]. It is valid in the short-run, 
because regeneration rate of natural resources 
quite slow as compared with its use in the 
economic growth process we observed over the 
last century. In fact, in the long-run, natural and 
human-made capital is complements because 
the later requires material and energy for its 
production and maintenance. Furthermore, 
neither capital not labour physically creates 
natural resources, depletion of natural resources 
cannot be resolved through endless substitutions 
of labour and capital for natural resources. This 
is indeed a rejection of one of the core principle 
of the neoclassical growth paradigm, i.e., the 
notion of infinite substitution between human-
made and natural capital.  

 
Ecological economists such as Daly (1993) 
argued that neoclassical economic growth 
paradigm is untenable, because it is not based 
on sustainable biophysical and moral 
consideration. He explained this argument by 
using a simple scheme of a mean and end 
spectrum. He argued that standard economic 
growth model ignore the ultimate means by 
which the growth of material standards of living 
are attainable The fact is that the ultimate means 
are scarce in absolute or that these basic 
resources constrained by natural laws is 
considered irrelevant by mainstream economists 
[15]. Instead, because of their blind faith in 
technology, neoclassical economists exclusively 
focused on the availability of intermediate means 
such as labour, capital, and conventional natural 
resources (such as raw material). In the process, 
the fact is that the availability of intermediate 
means ultimately depend on the availability of 
ultimate means seems to have escaped standard 
economic thinking. For this reason, focusing on 
intermediate means, ecological economists 
discussed relative scarcity and process, on the 

basis of which resources are allocated to 
alternative societal uses. 
 

By criticising the two core assumptions, 
ecological economists suggested that the loss of 
ecosystem resilience has key limiting factors in 
humanity’s pursuit for a material pleasure 
[15,16,11]. The loss of ecosystem resilience is 
potentially important for at least three reasons. 
First, the discontinuous change in ecosystem 
flips from one equilibrium to another could be 
associated with a sudden loss of biological 
productivity and so to a reduced capacity to 
support human life. Second, it may imply an 
irreversible change in the set of option open to 
both present and future generations such as loss 
of biodiversity, soil erosion, and desertification. 
Lastly, discontinuous, and irreversible changes 
from familiar to unfamiliar states increase the 
uncertainties associated with the environmental 
effects of economic activities (Arrow K. et al., 
1995). If economic growth is to be sustainable, 
we need to ensure that the ecological systems 
on which our economy depends are resilient.  
 

Given this biophysical reality, it is no wonder that 
neoclassical economists are so captivated with 
continual growth in intermediate ends such as 
market- valued goods and services. But, how the 
total quality of goods and services produced in a 
given period of time is distributed among the 
people of the current generation (intra-
generational), and how current economic growth 
may affect the well-being of the future generation 
(intergenerational), are simply not considered by 
the neoclassical economists. Here, argument is 
not that neoclassical and ecological economists 
are in denial of the existence of misdistribution of 
income among the current generation, or that 
they are insensitive to the possible adverse 
effects of current production (such as climate 
change) on the wellbeing of the future 
generation. Rather, the main position of 
ecological economists has been for sustaining a 
moderate to high economic growth rate is the 
single most effective solution for the current and 
future economic and ecological             problems. 
 

Now question arises that if above growth 
paradigm is to be rejected on the basis of its 
incomplete material and ethical consideration, 
what alternative model could be proposed. On 
this point, ecological economists suggested a 
new growth model called steady-state economy 
(SSE). Model consists of biophysical, economic, 
and ethical dimensions. SSE in the purely 
biophysical state Daly [16] suggested that the 
total inventory of all intermediate means and 
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ends, including human population, is frozen at 
some “desirable” constant. In other words, in 
quantitative terms, the material requirements to 
run an economy are held constant at all times. 
Thus the primary focus is on stock maintenance: 
maintaining a constant inventory of intermediate 
means and ends. How it is possible because the 
economic world is defined not only by material 
flow or transformation of matter-energy, but by 
“an immaterial flux: the enjoyment of life”.  
 
How does the SSE address this important 
dimension of the economic world? Daly [16] 
suggested that this objective can be achieved 
through what he called service efficiency, which 
is identified as the ratio of service to the constant 
stock. Maximization of this ratio amounts to 
finding ways of making the numerator larger 
while keeping the denominator constant. Now 
again question arise, how to constant stock? For 
this Daly [16] provided two specific solutions, 
viz., allocative and distributive Efficiencies.  
 
Fulfilment of allocative efficiency requires two 
specific conditions. First, the production of goods 
and services should use the least amount of 
intermediate means (labour, capital and natural 
resources). Second, the good and services that 
are produced should be the once that provide the 
most satisfaction to people. On the other hand, 
distributive efficiencies require that the 
distribution of the constant stock should be done 
in such a way that the “unimportant” wants of 
some people do not take precedence over the 
basic needs of others.20 It is important to ensure 
that current generations are not enriching 
themselves at the expense of future generations 
There are, conceptually, three general principles 
which govern the operation of the SSE. First, the 
SSE requires the use of throughput (low-entropy 
matter-energy) to be minimized at times. This 
suggests that in the SSE, as much as feasible, 
all possible technological avenues must be 
pursued to produce goods and services that are 
long-lasting and easily recyclable. Second, in the 
SSE, service (utility) is to be maximized. This 
should be done through a combination of both 
production efficiency and distributive efficiency. 
Finally, the SSE requires that stock should be 
held constant because in a world endowed with 
finite resources, equity considerations in both 
time and space make the requirement of 
constant stock as an essential prerequisite of the 
SSE.  
 
First two preconditions of SSE cannot achieve 
without violating third condition. If the natural 

resources are finite in absolute term, then how 
stock remains constant, whereas natural 
resources are key determinants of economic 
growth. Daly [16] replied on this question that (i) 
while physical stocks are held constant, the 
stress should be on measuring economic 
improvements in terms of non-physical goods, 
i.e., services and leisure, (ii) emphasis should be 
placed on technological progress that increases 
leisure activities (such as a growing appreciation 
of environmental amenities, friendships and 
meditation), which are far less material-intensive 
that the production of physical outputs. With 
these adjustments, economic growth, measured 
in terms of increasing level of satisfaction from a 
given level of resource stocks, it is quite possible.  
 
Ecological economists emphasized more on 
sustainable use of natural resources by use of 
efficient technological improvements. SSE model 
somehow successful (at least theoretically) that 
indefinite economic growth can be achieved if all 
suggested precautionary measures would be 
taken. But they are more or less silent about 
irreversible changes in the extremely uncertain 
circumstances, such as global warming and 
climate change. Since first intergovernmental 
panel on climate change [17] report came in 
public domain that it has a hard task to predict 
that which types of changes occur in the near 
future. The predictions about global warming and 
climate change are yet not valid predicted in the 
first IPCC report.  
 
Uncertainty is a vital consideration among the 
researchers associated with sustainability, 
because it is expected that changes will occur in 
technology, income, and people’s preference 
over time. Technology may change enormously 
in response to change in relative scarcities and 
knowledge. Income will not be constant and 
preference will differ across generations. The 
problem is not that changes will occur, but rather 
that we do not know for sure how and when 
these changes will occur and we do not know 
what the implications of these changes will be on 
future resource availability. Therefore, a special 
branch of economics called the economics of 
sustainability has given attention to the                           
uncertain effects of the current level and                
pattern of human enterprise on the integrity of 
the natural ecosystem [18,19,12]. 
 
It deals with the issue of irreversibility. That is, 
beyond a certain threshold level, continued 
human exploitation of nature or economic growth 
may cause irreversible damage to certain vital 
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components of a natural ecosystem such as 
forestland. Therefore, sustainable development 
cannot be achieved without addressing following 
four key issues. (i) physical limits of natural 
system, (ii) intergenerational equity and 
economic efficiency, (iii) technological options 
and social values, and (iv) inter-temporal 
management of natural resources under in 
conditions of uncertainty and irreversibility. 
These four broad issues are examined by 
assuming that the overriding social goal, which 
are in progress toward sustainable economic 
development. 
 
The term “sustainability” was coined in the 
Brundtland commission report [20] “our common 
future”. It was already discussed by the 
Malthusian and neoclassical economists called 
week sustainability. Malthusian economists were 
against monetary transfer from rich to poor (weak 
sustainability). They believed that due to this, the 
rate of resource use would be increased. On the 
other hand, neoclassical were in favour of and 
they believed that natural resources are equally 
substitutes towards the human-made resources. 
Hartwick [21] and Solow [22] defined “weak 
sustainability” in terms of maintaining a constant 
real consumption of goods and services over an 
indefinite period of time while recognizing the 
constraints imposed by a given set of resource 
endowments. They suggested that maintaining a 
constant real consumption of goods and 
services, or real income (in the Hicksian sense), 
are possible even in the presence of exhaustible 
resources, and provided that the rent (income) 
derived from an inter-temporally efficient use of 
these resources is re-invested in renewable 
capital assets. Thus, the focus of concern is on 
the prudent use of the returns on, or a savings of 
exhaustible resources, rather than the depletion 
of these resources. Basically, to maintain 
sustainability (weak) needs of a situation in which 
a nation could maintain a non-declining of 
consumption income over several generations, 
provided the productive capacity (capital stock) 
of the nation in held intact. This can be achieved 
provided that allowances for capital consumption 
have kept proportionate to the level of investment 
necessary for the country to maintain its 
productive capacity.  
 
In contrast, the concept of “strong sustainability” 
implies a physical principle which is founded 
upon the laws of thermodynamics and processes 
of biological growth. As a basic principle of 
resource management, it has a long tradition in 
forestry, and has logically been extended to other 

domains of natural resource management. For 
instance, minimum criteria of “strong” 
sustainability” is generally in physical terms, 
saying that certain properties of the physical 
environment must be sustained. It is argued that 
ecological sustainability needs to be beyond 
human interest. At least in principle, the 
ecological economists approach to sustainability 
involves concerns extending beyond the human 
species, i.e., the well-being of ecological systems 
in their entirety. For this reason, the ecological 
approach to sustainability is broadly defined and 
has both economic and ecological dimensions. 
Thus, the level at which the non-declining natural 
capital stock is set is expected to be consistent 
not only with economic sustainability, but also 
with the ability of the ecosystem to withstand 
shocks, i.e., ecological resilience. The ultimate 
effect of all this will be to provide greater 
allowance for natural resource preservation for 
the purpose of safe-guarding future generations 
against large-scale, irreversible ecological 
damage such as biodiversity loss and climate 
change. To maintain strong sustainability, 
following goal should be achievable: (i) the rate 
of exploitation of renewable resources should not 
exceed that regeneration rate; (ii) waste emission 
(pollution) should be kept at or below the waste-
absorptive capacity of the environment. For flow 
or degradable wastes the rate of discharge 
should be less than the rate at which the 
ecosystem can absorb those wastes, and (iii) the 
extraction of non-renewable resources such as 
oil should be consistent with the development of 
renewable substitutes. 
 
Sustainability approaches of neoclassical and 
ecological economists partially cleared the 
importance of natural resources in the production 
process, but still, there is a possibility that natural 
resources stock is not available in the future or 
remains constant. Therefore, [23,24,18,25] 
emphasized the collective actions of the society 
for the preservation of natural resources. They 
argued that the collective actions of all class 
population groups deal with irreversible 
environmental changes such as climate change. 
They have suggested a new approach called 
safe minimum standard (SMS). SMS has 
provided a more realistic solution for the 
environmental negative externalities. It started as 
a practical guide to natural resource 
management under the conditions of extreme 
uncertainty, for example, the preservation of 
individual species such as Asiatic lions. For 
problem of this nature, it is argued that 
irreversibility becomes a key issue to consider. 
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That is beyond a certain threshold or critical 
zone; the exploitation of natural resources may 
lead to irreversible damage. For example, the 
Asiatic lions would be declared extinct if 
managing natural resources of this certain 
minimum; and this maximum is greater than 
zero. Therefore, in managing natural resources 
of this nature, it is highly important to pay serious 
attention to not extending resource use beyond a 
certain safe minimum standard (SMS). 
Otherwise, the social opportunity cost of 
reversing direction might become “unacceptably 
large”. However, it is important to note that 
considerable uncertainty exists regarding both 
the cost and the irreversibility of particular human 
impacts on the natural environment. Therefore, in 
this sense, uncertainty is central to the concept 
of safe minimum standard.  
 
The SMS approach to sustainability does not 
totally invalidate the standard economists 
approach to resource assessment and 
management (neoclassical “weak” and ecological 
“strong”). It simply narrows the scope and the 
applicability of the standard economics 
conception of sustainability by restricting its 
relevance to human impact on the natural 
environment, where the potential consequences 
are regarded as being small and reversible. In 
some degree, the SMS and the ecological 
approaches to sustainability share common 
features. Both approaches adhere to the notion 
of limits in the substitution possibilities between 
human and natural capital. However, these two 
approaches provide different explanations for 
limits in factor substitution. The SMS uses 
irreversibility, while the ecological economics 
approach relies on all encompassing physical 
laws (of which ecological irreversibility in only a 
part). The SMS approach to sustainability can be 
perceived as a hybrid between the weak and 
strong approaches to sustainability [12].  

 
The idea of sustainability has very much 
fascinating. But in practical, it is requires lots of 
efforts to imply in the current economic growth 
estimation [28]. It requires a modification of the 
conventional national accounting concepts of 
income, in particular the gross national product 
(GNP). The key issue has been that a nation’s 
income as measures traditionally by the GNP 
does not account for all the resources, costs that 
are attributable to the production of goods and 
services and cannot reflect a level of income that 
is sustainable indefinitely [16,12]. Therefore, to 
the measurement of real economic growth, Daly 
[16] and Pearce [27] suggested that the cost of 

natural resources depletion should be deducted 
from the national income accounting. Thus, the 
relevant income measurement is the net national 
income (NNP) not gross national income (GNP). 
Hence, modified national income accounting 
terms as follow. 
 

��� = ��� − ��� …………… . (3) 
 
Where, NNP is net national product (income), 
GNP is gross national product and DHC is the 
depreciation allowance of human capital.24 Apart 
from the cost of natural resources depletion, Daly 
[16] and Pearce [26] suggested the cost of 
defensive expenditure due to depletion of natural 
resource quantity as well as quality to be 
included. 
 

��� = ��� − ��� …………… . . (4) 
 
 
Where, NNP is net national product (income), 
DNC is the depreciation of natural capital and 
EDE represents the environmentally defensive 
expenditures. Although, Daly [16]; Pearce [27] 
and Hussain [12] presented a modified version of 
national income accounting, but they did not 
included the cost incurs due to uncertainty and 
irreversibility. It is important where the intensity of 
natural calamities is increasing with highly 
uncertain consequences. Therefore, net national 
product (NNP) could be sustainable national 
income (SNI) if following condition is accepted. 
 

��� = ��� − ��� − ��� − �� − ��� ……… . . (5) 
 
Where, SNI is sustainable national income, NNP, 
net national income, DNC depreciation of natural 
cost, EDE, environmental defensive 
expenditures, EC uncertainty cost and EIC 
represents environment irreversibility cost. It is 
important to recognize that conceptually, 
assuming no change in technology, SNI 
represents the maximum amount of income that 
can be expended for current consumption 
without impairing the future productive capacity 
of a nation keeping natural capital stock intact. 

 
3. CONCLUSION  
 
The debate on sustainable use of natural 
resources, population growth, the role of 
technology in economic growth and individual 
preferences has a long history, starting from the 
Malthus’s noble argument on biophysical limits to 
growth to ecological sustainable development 
perspective. This paper critically reviewed the 
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different perspectives and approaches of limits to 
growth and highlighted the weak and strong 
points of Malthusian to ecological economists. 
Each approach has evolved after failure of 
previous one. Ecological perspective is a hybrid 
approach which covers Malthusian and 
Neoclassical approaches and gives direction for 
sustainable development and infinite economic 
growth with finite resources. Though, presently 
none of the country in the world has in situation 
to achieve all the sustainable development goals 
as majority of their energy production is relies on 
the cheap non-renewable resources and 
continuously increasing population further 
making situation worsen. Further, war, 
genocides, social and religious discrimination, 
poverty, large-scale unemployment, mass 
migration, and rapid deforestation are some of 
critical barriers in the path of sustainable 
development as ecological economists dreamed.  
 
Further, though this paper critically reviewed 
different perspectives of limits to growth and 
come up with unique solutions as suggested by 
ecological economist, but authors believed that 
none of a single study able to cover all the issues 
of limits to growth. Hence, this paper also has 
some limitations. First, authors do not critically 
review ecological perspective as physics laws of 
thermodynamics are totally disagree with 
ecological economists. Second, authors believed 
that meta- analysis will be provides clear picture 
of weakness of different perspectives. Lastly, 
empirical study is also needed for evidence 
based findings to validate the hypothesis made 
by different school of economists 
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