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Abstract. Rapid economic development has caused serious air pollution which threatens human health. 

Science parks play an important role in economic development, however their air pollutants deteriorate 

the ambient air quality. This study investigates the relationship between the economic performance and 

air pollution of Hsinchu Science Park in Taiwan, which is the biggest production base of semi-conductors 

and other relevant high-tech industries. The total business turnover and annual average concentrations of 

sulfur dioxide (SO2), ozone (O3), nitrogen oxide (NOx), carbon monoxide (CO) and particle matter with 

aerodynamic diameter less than 10 μm (PM10) of Hsinchu Science Park from 1993 to 2012 were 

employed for the analysis. Vector Auto Regression (VAR) model was used to analyze the relationship 

between economic performance and air pollution for Hsinchu Science Park. The results indicated that 

there was a close, long-term and stable relationship between economic performance and air pollution 

concentrations in Hsinchu Science Park. A significant hysteresis effect of the economic performance was 

observed on the O3 and CO concentrations, while a weak hysteresis effect of that was revealed on the SO2, 

NOx and PM10 concentrations. The increasing emissions of O3 and CO resulted from the production 

expansion. By contrast, SO2, NOx, PM10 were not affected by the growth of economic performance of 

Hsinchu Science Park. 
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Introduction 

Science park, also named as Technology park, is an industrial area planned and 

developed by governments with a purpose to find a cluster of companies and 

manufacturers that focus on research and development (R&D) for promoting high-tech 

industry (Huang et al., 2016). The first science park in the world was the Stanford 

Research Park in the U.S.A. founded in 1951, which has created better environment for 

high-tech industrialization. Even if many science parks around the world claimed to 

have low pollution and low consumption (Huang et al., 2016), they emitted pollutants in 

reality that posed a great environmental risk on local or neighbored area, however less 

attentions were attracted from the government, non-governmental organizations (NGOs) 

and the public. In addition, pollution emission is an important index to evaluate whether 
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a science park is truly representative of high-tech industry. (Chein et al., 2005). 

Therefore, it is urgent to investigate the relationship between economic development 

and air pollution for science parks. 

Hsinchu Science Park was built in the north of Taiwan and managed by the Ministry 

of Science and Technology (MOST), the coordinates are 24.7829 N, 121.0058 E (as 

seen in Figure 1). By the end of 2016, Hsinchu Science Park has assembled 485 high-

tech manufacturers which are classified into various industries such as semi-conductors, 

computers, communications, optoelectronics, precision machinery, biotechnology. The 

realized total turnover reached 1000 billion NTD which accounted for 12% of Taiwan’s 

GDP. It is ranked as one of the fastest growing parks globally by the SIT SELECTION 

(U.S.A). However, Hsinchu Science Park suffered from air pollutions such as PM10, 

SO2, NOx, and volatile organic compounds (VOCs) which were attributed to defective 

air pollution equipment during the economic and technological innovations (Alastuey et 

al., 2016; Cesari et al., 2016; Huang et al., 2008; Schwarz et al., 2016; Tsai et al., 2011). 

Conflicts between local residents and governments have also broken out in the past 

years such as in the Daqi Village, a neighbor of Hsinchu Science Park, which suffered 

from fugitive foul odor in 1999 and arsenic pollution in 2007. 

 

 

Figure 1. Location of Hsinchu Science Park in Taiwan 

 

 

Previous research studies regarding the relationship between economic development 

and air pollution often focused on a large region, such as a country, a province, and a 

city. A relatively smaller area, such as a science park, is seldom explored by empirical 

model. In summary, this study aims to explore the relationship between economic 

performance and air pollution of Hsinchu Science Park by using Vector Auto 

Regression (VAR) model, which has been widely applied for the analysis of the 

relationship (Li et al., 2009; Narayan et al., 2008; Nasir and Rehman, 2011; Peng and 

Bao, 2006). This study not only investigated the relationship between the economic 

performance with the air pollution, but also adopted impulse response function to 

analyze it for a long period of 24 years. Also, it was evaluated whether Hsinchu Science 

Park was an environmentally friendly unit or not by using the VAR model. The 
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conclusion could also be supplied as a scientific reference for the governments to make 

informed decisions. 

Methods 

Definition of variables 

The performance, as one of the subjects, is an important indicator of competitiveness. 

The performance of science parks is a comprehensive system containing various subset 

factors such as economic performance, innovation performance, and management 

performance. The total business turnover is a common indicator to evaluate the 

economic performance (Huang et al., 2016; Wu et al., 2006) which equals to the 

subtraction of accumulation of deductible items (the sum of bill collection, sales of 

fixed assets, sales of wastes, income of interests, presentation of gifts) from the net 

revenue of manufacturers in a science park (the sum of sales in the declaration, total of 

receipt notes, sales return and discounts, and sales adjustment of previous period). 

Whether a science park is successful or not is mainly evaluated by its contributions to 

the growth of regional GDP and economics. Thus, the total business turnover of 

manufacturers in Hsinchu Science Park was adopted as the only output variable to 

represent the park performance. The effect of different industries on the economic 

performance could be neglected in this study because the total business turnover was 

collected from overall industries in Hsinchu Science Park (Chu et al., 2004; Huang et al., 

2016). 

Because of the complexity of air pollution species, SO2, O3, NOx, CO, PM10 which 

were emitted from the coal-fired power station, the exhaust of motor vehicles etc., were 

selected according to the Pollutant Standard Index (PSI) in Taiwan and their 

corresponding concentrations were used as the indices of air pollution. They were 

adopted as the independent variables for investigating the effect of air pollution on the 

park performance as shown in Table 1. 

 
Table 1. Pollutant concentrations and vice pollution index value table for Taiwan 

PSI value 

and their 

impact on 

health 

Pollutants PM10 SO2 CO O3 NOx 

Statistical 

methods 

24 Hour 

average 

24 Hour 

average 

24 Hour 

maximum 8-

hour average 

24 Hour 

maximum 

value of the 

hour 

24 Hour 

maximum 

value of the 

hour 

Unit μg/m3 ppb ppm ppb ppb 

PSI   

Good 50 50 30 4.5 60 - 

Moderate 100 150 140 9 120 - 

Unhealthy 200 350 300 15 200 600 

Very 

Unhealthy 
300 420 600 30 400 1200 

Hazardous 
400 500 800 40 500 1600 

500 600 1000 50 600 2000 



Huang et al.: A relationship between economics performance and air pollution of a Science Park 

- 578 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1):575-585. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1701_575585 

 2019, ALÖKI Kft., Budapest, Hungary 

The total business turnover was gathered from the official website of Hsinchu 

Science Park and the concentrations of SO2, O3, NOx, CO, PM10 were from statistical 

database of EPA's air quality webpage. The annual total business turnover and annual 

average concentrations of SO2, O3, NOx, CO, PM10 were collected during the years from 

1993 to 2016 since management system and statistical techniques were not completely 

established until 1992. The Long-term data would ensure the reliability of the causality 

inference (Alastuey et al., 2016; Pokorná et al., 2018; Rindfleisch et al., 2008). 

Establishment of the model 

VAR model is good at predicting interrelated time series systems and analyzing long 

term dynamic impact of stochastic disturbance on variables, and beneficial for 

understanding various economic shocks on economic variables, with advantages of 

preventing missing of important variables, and diminishing errors of endogenous 

variables (Lütkepohl, 1993). This study established impulse response function proposed 

by Sims (1980) using VAR model to analyze long-term impact of the economic 

performance on the shock of air pollutions of SO2, O3, NOx, CO and PM10 in Hsinchu 

Science Park as seen in Equation 1: 

 

 

 

 

 

 
 

  (Eq.1) 

 

where dependent variable P is the economic performance of Hsinchu Science Park (100 

Million TWD); SO2 is the concentration of sulfur dioxide (ppb), O3 is the concentration 

of ozone (ppb), NOx is the concentration of nitrogen dioxide (ppb), CO is the 

concentration of carbon monoxide (ppm), PM10 is the concentration of PM10 (μg/m3); 

 is the estimated coefficient, t is time, and ɛ is a constant error. 

The Linear regression equation was analyzed using EViews 6.0 program. Descriptive 
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statistics, analysis of stability and cointegration test were performed respectively. At last, 

it was analyzed that impulse response functions of the impact of economic performance 

on air pollutions of SO2, O3, NOx, CO, PM10 and continuity impact. 

Results and discussions 

Descriptive statistics 

Descriptive statistics analyzed the means and standard deviations of variables as 

shown in Table 2. The correlation coefficient matrix shows the economic performance 

was significantly correlated with O3, and showed a relatively significant correlation 

with SO2, O3 and PM10. The result of Hausman test is 17.98, random probability is 

significant, and DW (Durbin Watson stat) is 1.67. The result of regression analysis 

shows that R² is 0.79, and the random effect of variables is significant. Meanwhile, by 

calculating the AR (Vector Regression) characteristic polynomial, it is found that 

reciprocals of characteristic polynomial are smaller than 1, and located within the unit 

circle (as shown in Figure 2). The result suggests that the variables are stable for the 

economic system which consisted of the economic performance of Hsinchu Science 

Park and air pollution concentrations of SO2, O3, NOx, CO and PM10. And therefore it is 

verified that the established model was stable. 

 

Table 2. Means, standard deviations, and correlations of variables 

 Variables Mean S.D. P SO2 O3 NOx CO PM10 

1 P 7543.83 3467.65 1      

2 SO2 4.72 2.87 -.47* 1     

3 O3 22.56 6.41 .76** -.19 1    

4 NOx 18.64 2.47 .17 -.01 -.15 1   

5 CO .53 .056 -.17 -.24 -.25 .24 1  

6 PM10 50.23 5.92 -.56* .47* -.68** .28 .01 1 

Notes: * p-value < 0.05; ** p-value < 0.01 
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Figure 2. Inverse roots of AR characteristic polynomial 
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Variable balance test 

This study tests the stability of the variables by Augmented Dickey Fuller Test 

(ADFT) proposed by Said and Dickey (Said and Dickey, 1984). The optimal lag period 

was determined by using the minimum criterion of Akaike Information Criterion (AIC) 

to ensure autocorrelation of residuals (Enders, 2004). The results showed that the 

horizontal sequence of P, PM10 and O3 was not stable at a significance level of 0.05, but 

it became stable through first order difference. Each variable of the equation was used 

as an independent variable after the lag of second order as shown in Table 3. 

 
Table 3. Results of unit root test 

Variable 
Test type 

(c, T, d) 
ADF statistics 

t statistical 

value 

Adjoint 

probability P 
Conclusion 

P （c，T，1） -1.710267 -3.574244 0.4105 Instable 

D（P） （c，0，1） -5.266976*** -2.971853 0.0006 Stable 

SO2 （c，0，0） -20.65626*** -3.029970 0.0000 Stable 

O3 （c，0，0） -2.856286 -3.040391 0.0704 Instable 

D(O3) （c，0，1） -5.399642*** -3.040391 0.0004 Stable 

NOx （c，0，0） -4.377785*** -3.029970 0.0032 Stable 

CO （c，0，0） -3.247647** -3.029970 0.0328 Stable 

PM10 （c，0，0） -1.817124 -3.029970 0.3614 Instable 

D（PM10） （c，0，1） -3.313729** -3.040391 0.0296 Stable 

Note: (c, T, d) separately stand for intercept, time trend and lag order of the equation in the test; the lag 

order is determined by using SC minimum error criteria; D (X) is X’s first order difference; “*”, “**” 

and “***” mean refusal of null hypothesis at significance level of 10%, 5%, and 1% 

 

 

The time series of individual variables was not stable. Thus, the cointegration test 

proposed by Johansen (1995) was used to identify whether there were underlying stable 

time series and long-term balanced relationship between these unstable variables with 

the linearity. The results were substituted into the cointegration Equation 1 and thus 

evolved in Equation 2: 

 

 =+549.1754SO2 -612.5936 O3- 612.5936 NOx + 1634.7140 CO (Eq.2) 

 

 

 

Given cointegration Equation 2 and Figure 2, the economic performance P of 

(288.46) (26.8743) (74.2233) (3453.37) 
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Hsinchu Science Park had a long-term relationship with SO2, O3, NOx and CO, while 

its relationship with PM10 was weak enough to ignore. It was a significant positive 

correlation of P with SO2 and CO. In other words, when SO2 and CO increase in 

Hsinchu Science Park, the economic performance of P increases. While it was a 

significant negative correlation between P with O3 and NOx, suggesting when O3 and 

NOx increase, P decreases. 

VAR's impulse response function analysis 

The VAR's impulse response function is the sum of a standard deviation, stochastic 

disturbance term to impact another current, and future values of various variables. It 

simulates the dynamic interaction among the variables (Enders, 2004). The object of 

this study is to investigate the response to the independent variable P within the system 

to the air pollution concentrations in different periods, and the contribution of air 

pollution concentrations to P. As seen in Figure 3, the horizontal axis is the hysteresis 

effect period of the shock with a maximum of 10 periods. The vertical axis is the 

impulse response function of a dependent variable to an independent variable. The blue 

solid line is the dynamic path of the impulse response function, and the two red dotted 

lines are confidence intervals which are twice the standard deviation. 

As shown in Figure 3(a), economic performance has a positive response to 

performance. It drops to the lowest point in the fourth period, and then gradually 

converges to zero line, meaning that the effect of investment on the future economic 

performance was promoting its growth in the first two periods and then the effect 

gradually decreased to zero. This trend reflects that the economic performance of 

Hsinchu Science Park targets at the processing and exports and few enterprises make 

continuous investments to improve the business environment in the science park. Figure 

3(b) shows the impulse response of the economic performance to SO2. After a positive 

shock is given to SO2 in the current period, the response function drops to the lowest 

point in the second period, and then converges gradually. This means there is no 

significant impact on SO2 by the growth of economic performance of Hsinchu Science 

Park in the whole current. Figure 3(c) shows the impulse response function of economic 

performance of Hsinchu Science Park to NOx. After a positive shock is given to NOx in 

this current period, the response reaches the lowest point of the negative response in the 

third period, and converges gradually from the beginning of the fourth period. This also 

indicates that there is no significant impact on NOx by the growth of the economic 

performance in the current period. Figure 3(d) shows an impulse response function of 

economic performance to PM10. The response nearly approaches zero line in the first 

and second period, and drops to the negative response at the beginning of the third 

period. It converges gradually on the fifth period reaching a negative point. This 

indicates that the economic performance of the science park has no significant impact 

on PM10 in the current period. In view of air pollutant sources, SO2 is mainly emitted 

from thermal power plants, steel plants and petrochemical plants, while NOx and PM10 

are from the exhaust of vehicles, thermal plants, nitric acid making plants and municipal 

waste incineration plants in Taiwan (Tsai et al., 2011). On the other hand, the majority 

of these pollutants were more possibly from the neighboring areas or even further areas 

such as the mainland of China and Northeast Asia through oversees transportation 

(Chou et al., 2008; Chou et al., 2010; Shaw et al., 2004). The results are in agreement 

with the fact that Hsinchu Science Parks excludes these heavy industries to build and 

operate. Stringent control procedures have been formulated and conducted, and the air 
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pollution have also been effectively supervised by environmental management of the 

science park. Thus, it concludes that Hsinchu Science Park is environmentally friendly. 

The impulse response function of economic performance to O3 is shown in Figure 3(e). 

After a positive shock is given to O3 in the current period, a negative response at the 

beginning climbs to the highest point of positive response in the third period, and drops 

to the lowest point in the fifth period, and then converges to zero gradually. 

 

   

  

    

Figure 3. The impulse response function of dependent variables to independent one(a) 

Response of P to P, (b) Reponses of P to SO2, (c)Response of P to NOx, (d) Response of P to 

PM10, (e) Reponses of P to O3, and (f) Response of P to CO 

 

 

This indicates that there is a significant impact of the economic performance growth 

on O3 in the current period. The impulse response function of economic performance to 

CO is shown in Figure 3(f). The impulse response rises to the highest point of positive 

response in the third period, and drops to the lowest point, and then converges gradually 

(a) (b) 

(c) (d) 

(e) (f) 
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to zero line. This indicates that there is a significant impact of the growth of economic 

performance on CO in the current period. When the economic performance improved, 

more products would be produced and then the input of energy and raw materials 

increased. More O3 and CO were emitted during the enlarged production process. There 

are two main sources of O3 pollution in Hsinchu Science Park. Firstly, O3 as a 

secondary pollutant results from the photo-oxidation between O2 and the emitted 

NMHCs (non-methane hydrocarbons) which are emitted in large amounts in various 

processes of the high-tech industry, such as wafer process, welding, etching, image 

process, and chemical washing in IC, photo electricity and biotech industries (Price et al, 

2004). The other source is the diffusion of O3 as the primary pollutant in the advanced 

oxidation water-treatment system where high concentration of O3 is present (Went et al., 

2009). CO comes from the exhaust of vehicles because road logistics is a main 

transportation in Hsinchu Science Park with a tremendous amount of logistics caused by 

economic development. 

Suggestions 

Many countries are activated to develop green economy and green industry in the 

world. The World Trade Organization (WTO) has exceptional clauses on environmental 

protection, which imposes green tax on exported goods because the pressure of 

environmental protection from the international society becomes more and more intense. 

In this context, low-carbon science parks have been promoted to facilitate the 

development of low carbon economy, which is beneficial for sustainable development 

(Gearty, 2008). 

The governments should formulate tax systems to promote green economy. A green 

tax system can be established by using tax leverage to solve prisoner's dilemma between 

environment and economic development. Moreover, they should formulate incentives 

and subsidy systems for clean production which shift pollution control towards overall 

pollution prevention, as well as actively guide enterprise to implement carbon tradition 

and establish carbon investigation system. 

Science parks should be planned and managed based on the concept of sustainable 

development. The science park management should also shift from end-of-pipe 

treatment to pollution prevention, conduct evaluation of environmental impact, obtain 

pollutants discharge license, and implement centralized disposal of waste in accordance 

with the national and local regulations or standards to prevent air pollution. 

The enterprises in science parks should promote green sustainable economic 

development through R&D, management system, and green technologies. They need to 

develop green and energy-efficient products. Enterprises should also establish 

ISO14000, clean production, energy management, green supply chain and environment 

management system. These measures can reduce expenses in pollution prevention, save 

raw material or products, improve efficiency and quality of production, and prevent 

occupational disease. 

Research limitations 

Because of limitations of data sources, this study has some limitations. Firstly, 

different industries caused the variation of air pollutions concentrated. Secondly, the air 

pollution species caused by high-tech enterprises were not considered in this study. 

These should be considered in future research. 
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Conclusion 

This study investigated the relationship between the economic performance and air 

pollution of SO2, O3, NOx, CO, PM10 in Hsinchu Science Park from 1993 to 2012. 

VAR's impulse response function was used to analyze the effect of the science park 

performance on SO2, O3, NOx, CO and PM10. The results showed that the park 

performance has a tight, long-term and stable relationship with air pollution. The park 

performance is negatively correlated to SO2, NOx and PM10. The hysteresis effect of the 

park performance could be neglected on SO2, NOx and PM10 as they are not emitted 

from Hsinchu Science Park but from oversees transportation possibly. On the other 

hand, the performance is correlated positively to O3 and CO. The hysteresis effect of 

the park performance on O3 and CO is significant, due to the large emission from the 

production process and transportation in Hsinchu Science Park. Since science parks 

cause air pollution, the government should encourage enterprises to develop better R&D 

capabilities to reduce pollution and energy consumption. Meanwhile, the enterprises 

should develop environmental protection mechanisms actively. 
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