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Introduction

The transfer of technology is an essential tool for economic development of an economy. Global 
efforts were undertaken to foster sustainable development in the Rio “Earth Summit” UNCED 
Conference in 1992. At Rio, agreement on the Rio Declaration and Agenda 21 sought to define 
principles and an “action plan” for global sustainable development. It was aimed at fostering 
sustainable development through domestic and international actions of technology transfer. The 
development had aggravated the problem of environmental degradation. It could be identified from 
the following statistical evidences. Among the top five countries of CO2 emissions in the world 
economy. Unites states was the top most country in emitting the CO2 till the year 2005. From the 
year, 2006 onwards, China was the top most country in emitting the CO2. The CO2 emission of 
United States was ranged between 4.99 billion tonnes to 5.94 billion tonnes for the period 1990 
-2011. In 1990, the CO2 emission was only 2.51 billion tonnes in China. It had increased to 
9.7 billion tonnes in 2011. In India also, the growth rate of CO2 was higher. It was on account 
of higher growth rate of gross domestic product in these countries. In 2011, China was the top 
most country in emitting the CO2. It was around 9.7 billion tonnes. It was also observed that, in 
future, China and India will become the first two top most countries in emitting CO2, if the same 
trend is going to continue. Various studies had established the adverse impact of development 
through liberalization on environmental degradation. Antweiler et al. (2001) postulate a Factor 
Endowments Hypothesis (FEH), which predicts that trade liberalization will lead to an increase in 
carbon emissions in capital-abundant countries and a reduction in capital-scarce countries.

They test this hypothesis using panel data on city-level ambient SO2 concentrations and find 
evidence that concentrations of SO2 are increasing in a country’s capital to labour ratio. They cal­
culate the composition elasticity and find that one percent increase in a nation’s capital-to-labour 
ratio holding scale, income and other determinants constant leads to one percent-point increase 
in pollution. Cole et al (2013) replicate Antweiler et al.'s (2001) study for SO2 and extend the 
analysis to consider CO2, NO2, and Biological Oxygen Demand (BOD) as well. Their estimated 
composition elasticities are 2.3 and 0.45 for SO2 and CO2, and statistically indistinguishable from 
zero for NO2 and Biological Oxygen Demand. Using Chinese data, Shen (2007) calculates com-



position effects for SO2, Dust fall, Chemical Oxygen Demand (COD), Arsenic and Cadmium, 
jn each case finding that higher capital/labour abundance corresponds to more pollution. In this 

; jjack drop, an attempt was made to analyse the impact of technology tran,sfer on environmental 
, pollution in the world economies with the following objectives.

I

Objectives

1. To as.sess the expenses on technology transfer in the world economies
2. To evaluate the carbon emissions in the world economies
3. To estimate the impact of technology transfer on environmental pollution.

Methodology

The data for the study is secondary in nature. The data on payment on intellectual property rights 
is taken as an indicator for the technology transfer between countries. The data CO2 emissions 
and area under forest in various countries specified in World Bank Report 2013 are considered as 
the indicators of environmental indicators. Hence data on payment of intellectual property rights, 
CO2 emissions and area under forest in various countries of the world economies were collected 
from the World Bank Report, 2013. Multiple regression analysis and discriminant analysis are 
used to fulfill the objectives of the study.

Specification of Empirical Models

1. Multiple Regression Analysis

(a) To assess the impact of technology on gross domestic product of the world economy, 
the following form of the regression equation was estimated
Y  = bo + biXi  +  62X 2 +  63X 3 +  U
X\ = Intellectual payments, X 2 =  Industrial share to the gross domestic product 
X 3 =  Foreign Direct investment, U =  Random term

(b) To assess the impact of technology on carbon emission, the following form of the 
equation was estimated
Y  = bo + 61X 1 + 62X 2 +  63X 3 +  U
X\ = Intellectual payments ($US) X 2 =  Share of Industrial gross domestic product to 
the total gross domestic product (In percentage) X3 = Foreign Direct investment($US), 
U — Random term.

2. Discriminant Analysis

To identify thejelative contribution of technology transfer on environmental degradation, 
multiple diseriminant analysis was employed. In the discriminant analysis, the countries 
in the world economy were classified as the country of high carbon emitting countries and 
countries of low carbon emitting countries based on the world average earbon emission. The
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high carbon emitting countries were grouped together as group 1 countries and the low car­
bon emitting countries were grouped as group II countries. The factors such as the intellec­
tual payments, industrial share to the gross domestic product and foreign direct investment 
were hypothesized as the factors classifying the countries into high carbon emitting coun­
tries and low carbon emitting countries. Hence they were put into the linear discriminant 
analysis.

Z  =  + / 2 X 2  +  / 3 X 3

Z  =  Total distance from the selected independent factors to the discriminant function 

X\  =  Intellectual payments, X 2 =  Industrial share to the gross domestic product 

X 3 =  Foreign Direct investment.

As the area of forest is one of the environmental indicator, the relative contribution of the 
technology transfer on the area under forest was estimated through linear discriminant anal­
ysis. The countries were classified as the countries of high forest endowed and low forest 
endowed countries based on the average forest endowment. The factors such as intellectual 
payments, industrial share to the gross domestic product and foreign direct investment were 
hypothesized as the factors classifying the countries into high forest endowed countries and 
low forest endowed countries. Hence they were put into the linear discriminant analysis.

Z = L \X i  +  L 2X 2 +  L^Xs -
Z  = Total distance from the selected independent factors to the discriminant function 

X] = Intellectual payments, X 2 = Industrial share to the gross domestic product 

X 3 =  Foreign Direct investment.

1̂ ) h i h  are the discriminant coefficients

Results and Discussion

The indicators of development was considered as the gross domestic product and industrial gross 
domestic product. The payment on intellectual property rights was taken as the indicator of tech­
nology transfer. The environmental indicators were the area under forest, C02 emissions, methane 
emissions and energy use. The results pertaining to the world average of technology transfer, in­
dustrial development and environmental indicators are shown in Table-1.

Averages estimated from the data given in World Bank Report, 2013.
The payment on intellectual property rights was amounted to $ 6315400000, the percentage 

of industrial gross domestic product to gross domestic product was 21.04 percentage, the average 
forest area was 1068178.28 square kilo meter, the average per capita CO2 emissions was 4.4988 
metric tonnes. The average gross domestic product was $ 1753490000000 and the average per 
capita energy use was 30548.37 Kilo Gram oil equivalent. The technology transfer was hypothe­
sized to determine the economic development. Hence the indicator of technology transfer such as 
the payment on intellectual property rights was assumed to determine the gross domestic product 
along with the industriafl gross domestic product and foreign direct investment. The above ex­
planatory variables were put into the gross domestic product of the world economy equation. The 
results of the gross domestic product equation is shown in Table 2.
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Table 1 World Average of Technology Transfer,Development and Environmental Indicators

Variables Average
Payment on intellectual property (US $) 6315400000
Industrial Gross Domestic Product (Percentage of industrial GDP 
to GDP)

21.0395

Forest Area (Square Kilo meter) 1068178.28
CO2 Emissions (Metric tonnes per capita) 4.498750996
Gross Domestic Product (US $) 1753490000000
Methane emissions (Kt of CO2 equivalent) 2309506
Energy use (kg of oil equivalent per capita) 30548.37

Table 2 Relationship Between Trade Related Variables and Development In the World Economy - Regrssion 
Analysis

Variables Regression Co efficient ‘t’ value Level of significance
C o n sta n t - 1 .0 9 4 E 1 1 - .3 0 6 In s ig n if ic a n t

In te lle c tu a l p a y m e n ts 3 5 .2 3 4 2 .3 9 9 S ig n if ic a n t  at five  p e r ce n t  

le v e l

In d u str ia l G D P -1 .7 0 5 E 1 0 -1 .2 6 1 In s ig n if ic a n t

F o r e ig n  D ir e c t  In v estm en t 2 0 .0 5 9 8 .4 7 7 S ig n if ic a n t  at o n e  p e r ce n t  

le v e l

0 .4 0

F  V a lu e  • 5 2 .9 2 7

Estimation based on the data from World Bank Report, 2013
The F  value was statistically significant at one percent level indicating better fit of the model. 

The selected explanatory variables are strong enough to explain the model. Among the selected 
variables, the intellectual payments and foreign direct investment were statistically significant to 
determine the gross domestic product. The additional payment on intellectual property rights and 
the foreign direct investment had contributed to additional gross domestic product of the world 
economy. The industrial gross domestic product was statistically insignificant. The results re­
vealed that the technology transfer-and the foreign direct investment had increased the gross do­
mestic product of the world economy significantly.

The economists argued that the important factor behind the environmental degradation was 
the development. The earlier studies had established a strong relationship between the Gross 
Domestic Product and CO2 emissions. As the technology transfer was one of the strong factor 
behind the development, an attempt was made to analyse the relationship between the CO2 and 
Gross Domestic Product.

The following Table 3 shows the results of regression analysis showing the relationship be­
tween the CO2 emissions and intellectual property rights.

*  '■

Among the selected variables, intellectual property rights was statistically significant at one 
percent level. The intellectual property rights had positive relative relationship with the CO2 emis­
sions. The additional CO2 could increase the CO2 emissions. The other factors were statistically
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insignilicant. The value of F was statistically significant to determine the CO2 emissions equation. 
Hence the estimated model had better fit.

Table 3 Relationship Between CO2 Emissions and Intellectual Property Rights

Variables Regression Co efficient ‘t’ value Level of significance
C on,slant 0.058 1.240 In s ig n ilic a n t

In ie lle c lu a l p a y m e n ts 5.180E-11 2.286 S ig n if ic a n t  at o n e  p ercen t  

lev e l

In d u str ia l G D P .006 0.219 In s ig n ilic a n t

F lo r ic n  D ir e c t  In v estm en t -4.504E-12 1.108 In s ig n if ica n t

R 2 0.43
F  V a lu e 53.927 .

Estimation based on the data from World Bank Report, 2013

Impact of Technology Transfer on Carbon Emissions in the World Econ­
omy

From the above regression equation, it was confirmed that the intellectual property rights was one 
of the factors to determine the Gross Domestic Product and thereby the carbon emissions of the 
world economy. To identify the relative contribution of each variable to the carbon emission, the 
countries in the world economy was classified as the high CO2 emitting countries and low CO2 
emitting countries based on the world countries’ average CO2 emission. The countries emitting 
carbon above world average were classified as the high carbon emitting countries and the countries 
emitting carbon below the world average were classified as low carbon emitting countries. The 
intellectual property along with the other trade related variables were put into linear discriminant 
analysis to identify the relative contribution of the technology transfer on the CO2 emission. Ini­
tially to find out the mean difference in the selected variables, the means of selected variables in 
high CO2 emitting and low CO2 emitting countries were estimated and are given in Table 4.

Table 4 Group Means of Selected Variables Pertaining to High C02 and Low C02 Emitting Countries in the 
World Exonomles

Variables High carbon emitting 
countries

Low carbon emitting 
countries

F o r e ig n  D ir e c t  In v es tm en t 14891000000 103870000000
P a y m e n t on  in te lle c tu a l p ro p er ty  r igh ts 100590000 16290000000 .
T h e  sh a re  o f  In d u str ia l G ro ss  D o m e s t ic  P ro d u ct to  

G r o ss  D o m e s t ic  P ro d u ct

20.2108 22.4149

Estimations based on the data from World Bank Report, 2013
The table shows that the average foreign direct investment was $ 103870000000 in high carbon 

emitting countries and was $ 14891000000 in the low carbon emitting countries. The payment on 
intellectual property rights was $ 16290000000 in high carbon emitting countries and $ 100590000 
in the low carbon emitting countries. The share of industrial gross domestic product to total gross 
domestic product was 22.4149 percent in high carbon emitting countries and 20.2108 percent in
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low carbon emitting countries. It showed that the foreign direct investment, payment on intel­
lectual property rights and industrial gross domestic product were higher in high carbon emitting 
countries than in low carbon emitting countries. To test whether the mean differences in the se­
lected independent factors were statistically significant the Wilks Lambda, the univariate statistic 
was calculated. The estimated results of Wilks Lambda are shown in Table 3.

Table 5 Wilks Lambda - Univariate Statistics

Variables Wilks Lambda Level of Significance
F o r e ig n  D ir e c t  In v es tm en t .9 4 4 S ig n if ic a n t  at 1% lev e l

P a y m e n t F or in te lle c tu a l p rop erty  r igh ts .9 3 9 S ig n if ic a n t  at 1% le v e l

In d u str ia l G r o s s  D o m e s t ic  P ro d u ct .9 9 6 S ig n if ic a n t  at 1% le v e l

Estimations ba.sed on the data from World Bank Report, 2013
If the Wilks lambda approaches one, greater is the difference between the group means. If 

it approaches zero, it indicates lower mean difference between the groups. The value of Wilks 
lambda was statistically significant for all the selected variables such as the foreign direct invest, 
payment for intellectual property rights and the share of industrial gross domestic product. It 
revealed that all the selected variables differed significantly between the high carbon emitting 
countries and low carbon emitting countries.

The magnitude of the standardized canonical discriminant function shows the order of the 
variable’s contribution to the total difference in the discriminant function. The Table 6 shows the 
standardized canonical discriminant function.

Table 6 Standardized Canonical Discriminant Function Coefficients

Variables Canonical discriminant 
function coefficients

Rank

F o r e ig n  D ir e c t  In v estm en t .3 2 5 2

P a y m e n t fo r  in te lle c tu a l p ro p erty  r ig h ts .6 8 3 1

In d u str ia l G r o s s  D o m e s t ic  P rod u ct .1 8 9 3

Estimations based on the data from World Bank Report, 2013
The table shows that the payment for intellectual property rights was the first important factor 

discriminating the countries as high carbon emitting countries and low carbon emitting countries. 
The next important factor was the foreign direct investment followed by the industrial gross do­
mestic product. The Table 7 shows the pooled correlation between the discriminating variables 
and canonical discriminant function.

Table 7 Pooled Within-Groups Correlations Between Discriminating Variables and Standardized Canonical 
Discriminant Functions Variables Ordered by Absolute Size of Correlation within Function

Variables Canonical Correlation Rank
F o r e ig n  D ir e c t  In v e s tm e n t 0 .9 4 4 2

P a y m e n t fo r  in te lle c tu a l p ro p erty  r ig h ts 0 .9 4 5 1

In d u str ia l G r o s s  D o m e s t ic  P ro d u ct 0 .9 0 1 3
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Estimations based on the data from World Bank Report, 2013
The table shows that the magnitude of foreign direct investment and payment for intellectual 

property right in the pooled correlation between the discriminating variables and standardised 
discriminant function was around 0.94. It revealed that the foreign direct investment and payment 
on intellectual property rights were the most important factors in classifying the countries into high 
and low carbon emitting countries. The relative contribution of selected variables in determining 
carbon emissions were calculated and are given in Table 8.

Table 8 Relative Contribution of Selected Variables

V a r ia b le s R e la t iv e  c o n t r ib u t io n R a n k

F o r e ig n  D ir e c t  In v estm en t 6 4 .6 1

P a y m e n t fo r  in te lle c tu a l p r o p e r ly  r igh ts 3 4 .2 2

In d u str ia l G r o s s  D o m e s t ic  P ro d u ct 1.2 3

Estimations based on the data from World Bank Report, 2013
Foreign direct investment was the dominant factor determining the carbon emission. It alone 

contributed 64.6 percent in differentiating the countries into high and low carbon emitting coun­
tries. It was followed by payment for intellectual property rights which contributed to 34.2 percent. 
The industrial gross domestic product was the least important factor in classifying the countries 
into high and low carbon emitting countries.

Impact of Intellectual Property Rights on the Forest Endowed in the 
World Countries

The endowment of forest in a country is a strong indicator of environment. The countries in the 
world economy were classified as the high forest endowed and low forest endowed countries based 
on the average area of forest in the world countries. If a country is endowed above the average 
area of forest, they were classified as the high forest endowed country. If a country is endowed 
below the average level of forest, they were called as the low forest endowed country. The foreign 
direct investment, payment on intellectual property rights and industrial gross domestic product 
were selected as the independent factors in classifying the countries as the countries with high 
forest endowed and low forest endowed countries. The Table 9 shows the mean difference of the 
selected variables betvveen high forest endowed and low forest endowed countries.

Table 9 Group Means of Selected Variables Pertaining to High Forest Endowed and Low Forest Endowed 
Countries

V a r ia b le s G r o u p  I  M e a n G r o u p  11 M e a n

F o r e ig n  D ir e c t  I n v e s tm e n t($ U S ) 7 3 5 5 0 0 0 0 0 0 3 7 2 9 9 0 0 0 0 0 0 0

P a y m en t o n  in te lle c tu a l p ro p er ty  r ig h ts ($ U S ) 8 1 1 3 0 0 0 0 0 5 0 2 8 6 0 0 0 0 0 0

S h a re  o f  In d u str ia l G ro ss  D o m e s t ic  P ro d u ct (P e r c e n ta g e ) 2 1 .0 2 1 1 2 9 .0 0 2 2

Estimations based on the data from World Bank Report, 2013
The foreign Direct Investment was $ 3729900000000 in high forest endowed countries while 

the same was $ 7355000000 in low forest endowed countries. The payment on intellectual property
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lights was $ 50286000000 in the high forest endowed countries while the same was $ 811300000 
in low forest endowed countries. The share of industrial gross domestic product was 29.0022 
percent in high forest endowed countries and 21.0211 percent in low forest endowed countries.

Through,Wilks lambda the statistical significant difference in the means of selected variables 
between the groups was estimated. The results of wilks lambda are shown in Table 10.

Table 10 Group Means of Selected Variables Pertaining to High Forest Endowed and Low Forest Endowed 
Countries

Variables Wilks Lambda Level of significance
F o re ig n  D ir e c t  In v e s tm e n t .598 S ig n if ic a n t  at o n e  p e r ce n t le v e l

P a y m en t F o r  in te lle c tu a l p ro p e r ly  r ig h ts .769 S ig n if ic a n t  at o n e  p e r ce n t le v e l

In d u str ia l G r o s s  D o m e s t ic  P rod u ct .976 S ig n if ic a n t  at o n e  p e r ce n t lev e l

Estimations based on the data from World Bank Report, 2013
The value of Wilks lambda was statistically significant. It indicates that the mean of the vari­

ables such as the foreign direct investment, payment for intellectual property rights and industrial 
gross domestic product differed significantly between high forest endowed and low forest endowed 
countries. The results of canonical discriminant function and the pooled correlation between the 
selected discriminating variables and the discriminant function are shown in Table 11.

Table 11 Standardized Canonical Discriminant Function Coefficients

Variables Canonical discriminant 
function coefficients

Rank

F o r e ig n  D ir e c t  In v es tm en t 1.233 2
P a y m e n t F o r  in te lle c tu a l p ro p er ty  r ig h ts -.336 1
In d u str ia l G r o s s  D o m e s t ic  P ro d u ct .144 3

Estimations based on the data from World Bank Report, 2013
The Table 12 shows the pooled correlation between the discriminating variables and canonical 

discriminant function.

Table 12 Pooled WIthIn-Groups Correlations

Variables Canonical Correlation Rank
F o r e ig n  D ir e c t  In v es tm en t .9 6 6 1

P a y m e n t F o r  in te lle c tu a l p ro p er ty  r ig h ts .6 4 6 2

In d u str ia l G r o s s  D o m e s t ic  P rod u ct .1 8 6 3

Estimations based on the data from World Bank Report, 2013
Foreign direct investment was ranked first in the standardized discriminant canonical discrim­

inant function. It was the first important variable discriminating the countries into high forest 
endowed countries and low forest endowed countries. The payment for intellectual property right 
was ranked as the second important factor in discriminating the countries into high and low forest 
endowed countries. Contribution of the variables in discriminating the forest endowment of the 
countries was calculated and shown in Table 13.
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Table 13 Relative Contribution of Selected Variables

V a r ia b le s R e la t iv e  c o n t r ib u t io n R a n k

F o re ig n  D ir e c t  In v estm en t 0 .0 0 0 0 0 0 9 1

P a y m e n t fo r  in te lle c tu a l p rop erty  r ig h ts 9 9 .9 9 9 9 9 8 0 3 2

In d u str ia l G ro ss  D o m e s t ic  P rod u ct 0 .0 0 0 0 0 0 1 3

Estimations based on the data from World Bank Report, 2013
The payment for intellectual property right was the dominant factor in discriminating the coun­

tries into high and low forest endowed countries. It alone contributed 90 percentage of variations 
in classifying the countries into high and low forest endowed countries. The next important vari­
able was foreign direct investment. The share of industrial gross domestic product in the total 
gross domestic product was the least important factor in classifying the countries into high and 
low forest endowed countries.

Conclusion

To conclude, the foreign direct investment and the transfer of technology had increased the gross 
domestic product of the world economy. The transfer of technology had caused the carbon emis­
sions. Higher amount of payment on intellectual property rights and foreign direct investment 
were observed in the high carbon emitting countries. Similarly the same was higher in less forest 
endowment countries. Hence, among the trade related factors, the transfer of technology and the 
foreign direct investment were the dominant factors in causing the environmental degradation. It 
is essential to fix a boundary for the transfer of technology not to cross environmental limit.

References

1. Antweiler, W., Copeland, B., Taylor, S., (2001). Is free trade good for the environment? 
American Economic Review, vol. 91, 877- 908.

2. Cole, M.A., Elliott, R.J.R., Okubo, T. and Zhou, Y. (2013), The Carbon Dioxide Emissions 
of Firms: A Spatial Analysis, Journal of Environmental Economics and Management, Vol. 
65, No. 2, pp. 290-309.

3. Lei Shen„ Tianming Gao, Jianan Zhao, Limao Wang, Lan Wang, Litao Liu, Fengnan 
Chen (2014), Factory-level measurements on C02 emission factors of cement production in 
China, Renewable and sustainable energy reviews, Vol.34, pp.337-349.

4. World Bank Report (2013), World Bank, Washington, www.worldbank.org.in

210 International Conference on Developement Policy

http://www.worldbank.org.in

