
Copyright © 2025 The Authors. Published by Payame Noor University
                       This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International
                       license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the 
original work is properly cited.

Environmental Education and Sustainable Development    Open Access

2025, 13(3): 157-170
DOI: 10.30473/EE.2024.70297.2705

O R I G I N A L    A R T I C L E 

Effects of Economic Openness, Innovation and New Technologies on 
the Environment: A Study of Developing and Developed Countries
*Amirali Farhang1 , Ali Younessi2 , Nasrin Mansouri3 , Ali Jalilvand Nekari4

1. Associate Professor, Department of 
Economics, Payame Noor University
(PNU), Tehran, Iran
2. Assistant Professor, Department of 
Economics, Payame Noor University
(PNU), Tehran, Iran
3. Assistant Professor, Department of 
Economics, Payame Noor University
(PNU), Tehran, Iran
4. M.Sc of Sciences, Department of 
Economics, Payame Noor 
University(PNU), Tehran, Iran

Correspondence:
Amirali Farhang
Email: s_farhang@pnu.ac.ir

Received: 15.Jan.2023
Received in revised form: 13.Apr.2024
Accepted: 16.Apr.2024

A B S T R A C T  
In this research, the effects of economic openness, innovation, and new technologies on 
the environment in 32 developing and developed countries from 1997 to 2022 were 
investigated and measured based on the panel autoregressive distributed lag model (Panel 
ARDL). The results of this study show that in developing countries, the variables of gross 
domestic product (GDP) growth and the square of GDP growth have a positive effect on 
carbon dioxide emissions, indicating a rejection of the Environmental Kuznets Curve 
(EKC) hypothesis for these countries. In contrast, the results obtained from the model 
estimation for developed countries show that the square of GDP growth has a negative 
and significant effect on carbon dioxide emissions, confirming the EKC hypothesis for 
developed countries. Moreover, the findings for developing countries reveal that the 
impact of foreign trade volume relative to GDP, along with innovation and technology, 
has a negative and significant effect on carbon dioxide emissions. In contrast, for 
developed countries, the effect of foreign trade volume (sum of exports and imports) 
relative to GDP has a positive and significant impact on carbon dioxide emissions. The 
results of the error correction coefficient for developing countries indicate a significant 
long-term relationship between the model variables. A shock to the carbon dioxide 
emissions variable in the short term will persist for approximately two periods, after 
which the short-term relationship will converge toward the long-term equilibrium path. 
Meanwhile, the error correction coefficient for developed countries also confirms a 
significant long-term relationship between the model variables. As expected, in each 
period, about 0.42 units of the deviation from the long-term path will be corrected. This 
coefficient reflects a slow adjustment speed toward the long-term equilibrium for 
developed countries. Accordingly, the effect of a shock on carbon dioxide emissions in 
developed countries will persist for a short period of approximately four time periods. 
Supportive financial and fiscal incentives for the development and adoption of clean and 
sustainable technologies are recommended to reduce environmental pollution.
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Table1. Descriptive Statistics of Data Related to Variables
 
Developing countries

 
Variable

 
Number of 

observations

 
Average

 
Standard 
deviation

 
Minimum

 
Maximum

CO24004.94353.17230.136815.3407

GDP 400 2.86904.1527-15.136517.3260
GIN400 0.61080.36760.10211.9910

OPEN400 67.340633.882733.6356157.5750

Developed countries

 
Variable

 
Number of 

observations

 
Average

 
Standard 
deviation

 
Minimum

 
Maximum

CO2 4009.25733.52644.339820.4698

GDP 400 2.08713.2738-11.325424.3704

GIN 400 2.11390.79820.54954.4581 

OPEN 400 89.642978.527118.1256437.3256
 

2001Roediger et al., 

IPS 

 
                                                      
2. Levin, Lin & Chu 

 

pooled OLS-

pooled OLS

Baltagi & Baltagi, 2008

 
                                                      
3. Fixed Effects 
4. Random Effects 
5. Pooled Ordinary Least Squares (pooled OLS)



Campos & Kinoshita, 2008. 
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Table 2. Homogeneity and Hausman Test Results 
 

Developing countries
 

Homogeneity test 
 

Hausman test
 

Statistics ( ) 
Prob 

 

Statistics ( ) 
Prob

30.64780.000 80.68310.000 

Developed countries
 

Homogeneity test 
 

Hausman test

Statistics ( ) 
Prob 

Statistics ( ) 
Prob

1.55450.0481 31.61420.000 
 



 

 

IPS

 

 

Table 3. The Results of the   unit Root Test for Developing and Developed Countries 

 
Developing countries

 
Variable 

name

Level of significance

 
First order difference 

Collective degree  
Statistics

 
Probability

 
Statistics

 
Probability

CO2 0.91570.8201 -10.94630.000 I(1) 
GDP -6.17930.000 I(0) 

GDP  -6.04730.000 I(0) 
GIN 2.01670.9781 -10.90560.000 I(1) 

OPEN 1.89460.9709 14.00750.000 I(1) 

Developed countries 

 
Variable

Level of significance

 
First order difference 

Collective degree  

Statistics
 

Probability

 

Statistics
 

Probability
 CO  -4.74270.000 I(0) 
GDP -7.81390.000 I(0) 

GDP  -6.58580.000 I(0) 
GIN 5.15601.00 -8.57530.000 I(1)

OPEN 1.10930.8664-14.25000.000 I(1) 

-

GDP

GDP

. 

 

 



 

. 
Table 4. Long-term and Short-term Estimation Results using  Method

 
Developing countries 
Long Run Equation

 
Variable

 
Coefficient

 
Statistics

 
Prob

GDP 0.12915.93450.000

GDP  0.00822.96670.003

GIN -1.0717-3.42460.000 

OPEN -0.0185-3.40570.000 

Short Run Equation

 
Variable

 
Coefficient

 
Statistics

 
Prob

D(GDP)-0.0112-1.52520.1283

D(GDP )-0.0015-2.47860.0138

D(GIN) -0.1788-0.37870.6978

D(OPEN)0.00963.56520.0004

 -.1867-4.15270.000

Schwarz criterion=.567Mean dependent var= 0.0054

Akaike info criterion=-.1567S.E. of regression= 0.3537

Log likelihood =234.127S.D. dependent var =0.3717
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Table 5. Long-term and Short-term Estimation Results using  Method

Developed countrie 
Long Run Equation

 
Variable

 
Coefficient

 
Statistics

 
Prob

GDP 0.20285.94800.000 

GDP  -0.0186-6.74750.000 

GIN 2.813611.56300.000 

OPEN 0.111910.25560.000 

Short Run Equation

 
Variable

 
Coefficient

 
Statistics

 
Prob

D(GDP)-0.0298-0.49360.6225

D(GDP )0.00962.89860.0044

D(GIN) -0.3115-0.15230.8792

D(OPEN)-0.0329-1.20080.2321

 -0.4148-3.42170.0008

Schwarz criterion=2.9413Mean dependent var=-0.0920

Akaike info criterion=0.1872S.E. of regression= 0.3286

Log likelihood =23.5535S.D. dependent var = 0.4587
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