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The concern about the interdependence of economy and environment is one of the hot spots of present time’s 

discussions. Environmental problems challenge the efforts of humankind to achieve sustainable development. The 

economic expansion in India over the last 40 years was underpinned by the region’s rich natural environment. 

However, human activities associated with such expansion have placed excessive stress on the environment, 

resulting in severe environmental degradation. Environmental degradation now poses a serious threat to the 

region’s growth prospects, thus constituting a clear obstacle to attaining sustainable development. Sustainability 

can be weak or strong. Weak sustainability (WS) requires a non-declining combined stock of capital and assumes 

that limited substitution between natural capitals by man-made capital is always possible. Strong sustainability (SS), 

on the other hand requires non-substitutability of natural capital by any other capital. This study will focus on the 

growth patterns of India using Genuine Savings (GS), as a WS indicator and Ecological Footprint (EF), as a SS 

indicator based on time series data for 41 years (1970-2010). The statistical results show that the growing economy 

of India has intensified human’s pressure on the environment by its enlarged demand. The findings conforms that 

this country is following a weak sustainability path, which is reflected by an increasing EF as well as GS. While 

population growth is a major concern, consumption per capita, which is extremely skewed, with handful of people 

having access to most of the resources, has also played a significant role in increasing the EF of this nation. 

Keywords: Environmental sustainability, weak sustainability, strong sustainability, urbanization, time-series, 

Ecological Footprint, Genuine Savings 

 

1. Introduction 

The nexus between demand for environmental resources and economic growth has become the subject 

matter of many academic researches of recent year. Economic growth is a must for the development of 

human society. However to achieve sustainability of resources in a country, balance between these two is 

needed. But in the present growth scenario natural resources are being extracted without giving time to 

regenerate. It is important to note that natural capital
1
is transformed to man-made capital in order to fulfill 

the need of the society. This results in environmental degradation. Often poor and middle income 

countries have to suffer the brunt of such environmental degradation which is not the outcomes of those 

countries.  

The role of  environment in achieving  economic growth started to gain popularity since 1960s with the 

work of some scholars from interdsciplinary fields. For example, in 1966, Boulding pointed out that, it is 

not possible to have limitless growth in a finite world. Various other studies too have explained that 

economy cannot grow forever as  growth is limited by the availability of natural resources or the 

environment (see Daly & Farley, 1994; Lawn & Clarke, 2010; Asici, 2013). As a reason, why economy 

cannot grow forever, most of these studies have argued that economy is a „part‟ or a subsystem of the 

„whole‟ ecosystem i.e. environment (Daly& Farley, 1994; Getzner, 1999). This realisation also led to the 

development of the term „Sustainable Development‟. Sustainable development argues for utilization of 

                                                           
1
Natural capital is the range of functions the natural environment provides for humans and for itself. Traditional 

Economists have defined capital as produced means of production, where produced implies „produced by humans‟. 

Ecological economists have broadened the definition of capital to include the means of production provided by 

nation. 



  
 
 
 

350 Dr. Bandana Khataniar 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March  2017       

natural resources in such a manner that the resources will still available for the future generation to fulfill 

their needs (IUCN, UNEP, WWF, 1980). 

Though this idea has been widely accepted, debate has raised concerning the question of whether one 

form of capital (e.g. natural capital) can be substituted by another form of capital (e.g. human-made 

capital). In other words, Sustainability can be weak or strong. Weak sustainability (WS henceforth) 

requires a non-declining combined stock of capital and assumes that limited substitution between natural 

capitals by man-made capital is always possible. Strong sustainability (SS henceforth), on the other hand 

requires non-substitutability of natural capital by any other capital. Various studies have shown that WS 

is a pre-requisite for SS (Atkinson et al., 1997; Neumayer, 2003). When a country is weakly sustainable, 

it has chance to be strongly sustainable. Atkinson et al. (1997) and Neumayer (2003) stated that belief in 

SS does not imply that a WS measure is irrelevant. According to them, what SS requires is an addition to 

WS, namely that some of the stocks should not decline beyond a certain critical level.So, the study of WS 

can thus be regarded as an important part of the study of SS(Mota, Domingos, and Martins, 

2010).However, both the weak and strong sustainability views support the SD definition of Brundtland 

Report and emphasize for lasting development, but the requirement for sustainability is different (Nourry, 

2008). The distinction between both is seen mainly in four dimensions: the definition of natural resources, 

about their functions, their assumptions about substitutability and the relation between development and 

environment.  

In most Asian countries today,consumption patterns are unsustainableand are near about fiveglobal 

hectares (gha) per capita, as indicated bytheir average ecological footprint. For example, 

Singapore‟secological footprint stands at 5.32gha compared with South Korea‟s 4.87 gha, Malaysia‟s4.86 

etc. (GFN, 2012).Although the footprints of middle-income Asian countries tend to be smaller than those 

in developed high-income countries, theyare on upward trends. In India, for instance, the average 

ecologicalfootprint expanded from 0.73 ha per capita in 1970 to 0.91 ha in 2010, a 24.6% increase 

(calculated from GFN data). The expanding ecological footprint is the result of changing socio-economic 

human activities and has consequences for theglobal environment. For example loss of fertile arable land 

due to rapid urban expansionis a major issue in China and India in regard to future foodsecurity.  

This paper proposes to examine the development path followed by India.In this paper we concentrate on 

studying the sustainability of the developing India by considering both WS and SS indicators. We have 

applied the Adjusted Net Savings (ANS), also known as Genuine Savings (GS) as a WS indicator and the 

Ecological Footprint (EF) as an SS indicator to see whether this very important country of South Asiais 

on the path of weak or strong sustainability. This has been done by conductinga time series econometric 

analysis of secondary data to analyze how this growth pattern is putting pressure on the natural resources 

of the country and to see how resource utilization is related with growing economy, growing population, 

increasing urbanization and energy consumption. The time period coveredis 1970 to 2010.For this 

purpose, the rest of the paper has been structured as follows: the next section is on India‟s economic 

growth trend and current situation of environment. Section 3 describes the data and variables. The fourth 

section is on results. The paper is concluded in Section 5. 

 

2. The Economic Miracle in India and its environmental concerns 

India is a very important transitional and growing economy not onlyin South Asia, but also in the world 

(Jayanthakumaran et al, 2012; Galli et al., 2012).The Asian region is one of the fastest growing regions 

with some of the largest and most diverse ecosystems on earth. The combined economy of Asia-Pacific is 

the third largest in the world after Europe and North America and is the fastest economically growing 

region in the world (ESCAP, 2007). In their quest for local and national development, developing Asian 

countries have focused their public policies on achieving and sustaining economic growth.The 

incomparable economic on-swing of this region has later on been called the “Asian Miracle” (Weber, 
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2009). Several factors have been responsible for this miracle (Lee & Hong, 2012), which has been 

explained by a number of empirical studies. These studies have highlighted factors like exports, 

investment, human resources, fertility, institutional and policy variables, such as trade and globalization 

(Weber, 2009; Lee & Hong, 2012; Asici, 2013) along with economic policies, particularly those relating 

to openness, have played a highly significant role in the region‟s sustained growth (Lee & Hong, 2012). 

Given such policy imperatives, A-P countries have paid insufficient attention to environmental issues and 

climate change. 

The strong economic growth of India puts a high priority on economic growth and development because 

of two main reasons: to get rid of poverty and to catch up the growth rate of developed nations. As a 

result of such rapid development of Indian economy after recent transitions, reforms and opening-up, the 

increasing demand for energy and natural resources increases the ecological environmental load. Along 

with economic growth, population growth is also a major concern in India. It is the second most populous 

country in the world following China with 1.26 billion (UN-ESCAP, 2012). The huge population of the 

region is also a matter of concern as it is also considered to be a key environmental issue in most of the 

countries of South Asia and (Jha, 2005). 

 

3. Methodology 

3.1 Empirical methods 

The objective of this paper is to analyzewhat development path has been followed by India. As time series 

show trends that allow researchers to test the noise in the data (Wackernagel et al., 2004), in this paper 

too, time series data are collected for the period 1970-2010 and analysed through econometric methods. 

For doing so,the definition of the variables and their sources of collection, are tabulated below (Table 1). 

We have considered these variables simultaneously in a modeling framework.  

ef= f (ans,  pop, urbp, engc)…………………………   (1) 

Table 1 

Description of the variables used in the analysis for the period 1970–2010. 

Variable  Definition Unit of 

measure

ment  

Data 

source 

Dependent  variable   

Ecological 

footprint (EF) 

This indicator is based on the quantitative land and water 

requirements to sustain a national living standard. It 

assumes that natural resources are irreversible 

(Wackernagel& Rees, 1996) and the ratio of required 

resources to available resources measures the ecological 

sustainability. In case this ratio exceeds one, the 

development is considered as unsustainable. EF 

comprises of six major categories: cropland, grazing land, 

forest land, fishing grounds, carbon up-take and built-up 

land (Wang et al., 2012). The size of EF is in direct ratio 

to environmental impact. 

 

 

global 

hectares-

gha 

Global 

Footprint 

Network 

(GFN) 

database  
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Independent variable   

Adjusted Net 

Savings (ANS) 

GS, renamed as Adjusted Net Savings (ANS) was put 

forward by Pearce and Atkinson in 1993. It is a simple 

indicator to assess an economy‟s sustainability. GS 

considers capital stock consists of produced capital, 

human capital (knowledge, skills, etc.) as well as natural 

capital (natural resources). Here all values are 

monetarized and the aggregation is achieved by simply 

adding up. GS is based on „weak sustainability‟ concept 

which assumes perfect substitutability between physical, 

natural and human capital (Pillarisetti & van den Bergh, 

2007).  

% of GNI 

World 

Bank 

website of 

world 

developme

nt 

indicators+ 

Population 

growth rate 

(POP) 

In this study, population growth has been taken as one of 

the indicators as it is hypothesized that when population 

increases consumption also increases and as a result more 

pressure falls not only on the natural resources, but also 

on the human capital. This may hamper the capacity of 

the environment in the future.  

In % 

Energy use 

(ENGC) 

Use of primary energy before transformation to other 

end-use fuels [= (indigenous production + imports and 

stock changes) – (exports and fuels supplied to ships and 

aircraft engaged in international transport)] 

kg of oil 

equivalen

t per 

capita 

Urbanization 

(URBP) 

Urban population refers to people living in urban areas as 

defined by national statistical offices. It is calculated 

using World Bank population estimates and urban ratios 

from the United Nations World Urbanization Prospects. 

Percentag

e  

3.2 Descriptive statistics 

The descriptive statistics for the data set is provided at Table 2. 

Table 2 Descriptive statistics 

Variables EF ANS GDPP POP URBP ENGC 

Mean   0.762622 13.57218 467.0989 1.990136 25.3961 378.761 

S.D.  0.05595 5.128513 210.4681 0.339339 3.144969 86.02962 

Minimum 0.681044 7.46 263.6249 1.387478 19.76 275.5608 

Maximum 0.91 25.47 1031.561 2.371483 30.93 574.5478 
 

This table provides a statistical summary associated with the actual values of the considered variables in 

this study. The per capita EF of average Indian is 0.76 gha, against a 0.51 gha per capita BC available for 

each Indian. During the study period, Indian on average saves annually 13.55% its total gross national 

income. Annual average GDP at current US$ for an Indian lies between 1375.4 to 114.7. Again the table 

shows that the average annual population growth is almost 2% out of which 25% lives in urban areas. 
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3.3 Data transformation 

According to the studies of the Liddle (2013) and Zhao and Wang (2015), urbanization, which is 

constrained to be between 0 and 1, cannot technically be integrated of order I (1). Thus, the variables of 

urbanization (the share of urban population) have been transformed into truncated form (TURBP) 

according to Equation (*) given below. The specific formula for the transformation is as follows:  

𝑇𝑈𝑅𝐵𝑃 = (
𝑥𝑖−𝑀𝑖𝑛  𝑈𝑅𝐵𝑃

𝑀𝑎𝑥  𝑈𝑅𝐵𝑃−𝑀𝑖𝑛  𝑈𝑅𝐵𝑃
)……………………(*) 

Again to avoid violent fluctuations in the data, and to eliminate the problems of possible 

heteroscedasticity, all data are transformed into logarithmic series assuming that the time series data 

becomes easily stationary after logarithmic processing and the characteristics of time series data doesn‟t 

change (Yang et al., 2012). So the new sequence of logarithmic series are respectively named lnef, 

lnans,lnpop, lnturbp, and lnengc, and all the data analysis is completed by using software STATA 

version 11. 

 

4. Results and Discussion 

4.1 Unit Roots Test  

Stability test of the time series data of the variables is the precondition for cointegration test of the socio-

economic variables and environmental indicator. Only when variables are in 1st order can the 

cointegration analysis be carried out (Yang, L., Yuan, S., Sun, L., 2012). ADF (Augmented Dickey 

Fuller) unit roots test is introduced to this paper to test the stability of the time series data of the variables. 

The test is carried out with individual trends and intercepts for each variable, and the optimal lag lengths 

are selected using the lag order determination criteria available in STATA11. 

According to the test in Table 3, all series are found to be non-stable al level. After first order difference, 

all series reject the null hypothesis at the level of 5% or 10%, which means that all series become stable. 

Based on that, the five series are all non-stationary series of first order single integration or I (1). Thus, 

this study can proceed with the cointegration test to examine whether the long run relationship exists 

between the variables. 

Table 3The results of ADF unit root test 

Variables  ADF test 

statistic 

Lag order 5% critical value  Conclusion 

lnef 0.20 2 -2.964 Non-stationary  

dlnef -3.475 2 -2.966** Stationary  

lnans -0.460 2 -2.964 Non-stationary  

dlnans -4.572 2 -2.966** Stationary  

lnpop -0.888 2 -2.964 Non-stationary 

dlnpop -2.896 2 -2.616*** Stationary  

lnturbp -0.112 2 -2.964 Non-stationary  

dlnturbp   -4.946 2 -2.969** Stationary  

lnengc 1.806 2 -2.966     Non-stationary 

dlnengc -3.067           1 -3.011*** Stationary  

Note: * Denotes significance at 1% level; ** Denotes significance at 5% level; *** Denotes 

significance at 10% level. 
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4.2 Cointegration Relationship Test  

ADF Unit Roots Test shows that lnans, lnpop, lnurbp, lnengc, and lnef are all 1st order single integration 

I (1) series. To further analyze the long-term stable relationship between these variables, cointegration 

relationship test of the time series data of the variables is done. There is cointegration among these 

variables. Dynamic ordinary least square (DOLS) significance test will be used to calculate the non-

equilibrium error (𝑢𝑡 = 𝑦𝑡 − 𝑦𝑦 ). If𝑢𝑡 is a stable series, we can conclude that dependent and independent 

seriesare cointegrated; otherwise, there does not exist cointegration relationship between the two variables. 

(Zhao, Y., Wang, S., 2015). From Table 4, we find that 𝑢𝑡 is stationary, indicating a 

cointegratedrelationship between ecological footprint, adjusted net savings, population growth, 

urbanization and energy consumption. The results are similar to that of (Zhao, Y., Wang, S., 2015). Thus, 

the estimated regression equation is: 

𝑒𝑓𝑡 = 0.0257277𝑎𝑛𝑠 + 0.71338𝑝𝑜𝑝 + 1.00027𝑒𝑛𝑔𝑐 − 0.053809𝑢𝑟𝑏𝑝 − 6.778229 
(0.033)  (0.166*) (0.153*)       (0.0131*)  (1.030*) 

The DLOS test results show that population growth rate, energy consumption, urbanization have a long-

term relationshipwith per capita ecological footprint of India. Specifically, 1% growth rateof India‟s 

overallpopulation will increase footprintby 0.71% and 1% increase in per capita energy consumption will 

result in a 1% increase in per capita ecological footprint. However the variable urbanisation is negatively 

cointegrated to footprint. Again the- adjusted net savings have a long-run positive impact on the 

ecological footprint, but not statistically significant.  

  

Table 4 Unit root test of residual series 𝒖𝒕  

Series ADF 

Test 

 

Critical Value 

 
Stationary/Non-

Stationary 

 (1% Significant 

Level) 

 

(5% Significant 

Level) 

 

(10% Significant 

Level) 

 

𝑢𝑡  -4.137 -3.770 -3.325 -3.002 Stationary * 

Note: * Denotes significance at 1% level; ** Denotes significance at 5% level; *** Denotes 

significance at 10% level. 

 

4.3 Granger Causality Test 

Prior to the Granger causality test, the stationarity of the vector autoregressive regression (VAR) 

model should be tested. 

 
Figure 1Results of VAR stability condition check. 
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From theFigure 1, it is seen that all the eigen values lie inside the unit circle. So, the VAR model 

has satisfied the stability condition at the differenced series.As shown in Table 4, there is a long-

term equilibrium relationship between weak sustainability, population growth, energy 

consumption, urbanization, and ecological footprint. However, the causal relationships between 

these variables are unclear. Therefore, the Granger causality test based on VAR model is used. 

The results of the Granger causality tests are displayed in Table 5. 
 

Table 5 Results of Granger causality tests. 

Null hypothesis F-Statistic Probability  Conclusion  

Granger cause of lneforlnans 2.379 0.304 Accept  

Granger cause  oflnansorlnef 3.316 0.191 Accept  

Granger cause of lneforlnpop 9.813 0.007 Reject  

Granger cause of lnpopor lnef 0.109 0.947 Accept  

Granger cause of lnef or lnengc 11.494 0.003 Reject  

Granger cause of lnengcor lnef 5.662 0.059 Reject  

Granger cause of lnef or lnturbp 0.901 0.637 Accept  

Granger cause of lnturbp or lnef 0.446 0.800 Accept  
 

From Table 5, we have found that when the null hypothesis is “EF does not cause ANS”, the minimum p 

of the tests is 0.304 which is larger than 0.1; thus, we cannot reject the null hypothesis. This indicates 

neitherSS Granger-cause WS, nor WS causes SS. According to the same criterion, we find that there is 

unidirectional causal running from EF topopulation growth rate. and economic growth to urbanization. 

Therefore, Granger causality tests suggest that a bi-directional Granger causal relationship exists between 

ecological footprint and per capita energy consumption, but no Granger causal relationship exists between 

ecological footprint and urbanization. 

5. Conclusion and way forward 

This paper analyzedempirically the sustainable development pattern of India to understand the impact of 

the economic growth on the natural resources and to see how resource utilization is related with growing 

economy and growing population. Population growth, energy consumption and urbanization are also 

considered as additional information. The period covered was from 1970 to 2010. This was mainly done 

to see whether this middle income country is following a strong sustainability path or a weak 

sustainability path.  The study used ANS per capita as an indicator of weak sustainability and EF per 

capita as an indicator of strong sustainability. Unit root tests, Granger cointegration test, and Granger 

causality tests base on VAR modelare all utilized. 

The results of unit root tests indicate that the variables are non-stationary at levels. However,the variables 

are stationary at the first difference rejecting the null hypothesis. The DLOS Cointegration test results 

have showed that population growth rate, energy consumption, urbanization have a long-term relationship 

with per capita ecological footprint of India. However the variable urbanisation is negatively cointegrated 

to footprint. This may lead to two conclusions. First, India‟s growth rate of urbanisation is still at a lower 

level. Till 2010, only 31% Indian people dwell in urban areas and there is an 8% increase in the 

urbanisation rate during the period 1980-2010. On the contrary, China has a 30% increase in its 

urbanisation during the same period. Second is the argument provided by Poumanyvong and Kaneko 

(2010) that the impact of urbanization on emissions is affected by structural change in energy use and 

technological efficiency. As countries move from low to high-income, they tend to shift toward low 

carbon fuels and adapt high levels of technology which may help lower their emissions per unit of energy 
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use. Similar result is also obtained by Hossain (2012) for Japan. So, in long-run, India can also be so 

energy efficient and technologically advanced that it can be able to reduce its demand on the environment. 

The WS variable- adjusted net savings have a long-run positive impact on the SS variable –ecological 

footprint, but not statistically significant. This leads to a very important result that greening the GDP of 

India may not work to reduce India‟s footprint in long-run. Therefore, it is not the most feasible method to 

seek rapid economic growth at the cost of sacrificing the environment in future. Economic growth should 

be derived from improving energy efficiency that consume less energy, fostering less population growth 

and promoting modern urbanization policies.  

Moreover,Granger causality results reveal that there is a bi-directional Granger causal relationship 

between energyconsumption and ecological footprint, and a unidirectional Granger causal relationship 

from ecological footprint to population growth. Here, more studies are required to explore the reason 

behind such causality.  

The results of the econometric models of this study are capable of betterunderstanding the causal 

relationship in India over the period studied. However the short duration of the study period (1970-2010) 

is not enough to conclude and project the future trends of sustainable development path of India. But this 

analysis process may constitute a critical tool for building a more comprehensive understanding of the 

complex relationshipbetween population, urbanization, economic growth and energy use in any 

developing country or region. 
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