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1. Introduction 

 
The main media of long-range transport 

originating from Asia continent is that Asia high 
pressure system moves eastward or southward. 
Dignon and Hameed (1998) has pointed out that 
Asia had become the area that emitted most sulfur 
globally. The main cause was the sustained 
increasing consumption of sulfur in China. In the 
last few years, there have been several publications 
that observed and estimated the contribution of 
acid deposition from China on a level from 20% to 
50% (Kitada et al., 1992; Ichikawa and Fujita, 

1995; Chung et al., 1996; Chang et al., 2000; 
Holloway et al., 2002).  

In this study, the events occur in Taipei by long-
range transport from Asian continent have been 
defined as HPP (Chuang et al., 2007). 53 events 
were observed in Taipei from March 2002 to 
February 2005. For HPP and non-HPP days 
observed air quality at TAS (in Fig. 1) is in Table 1. 
Especially, PM2.5, PM2.5 sulfate hourly average 
concentrations are 54.1 and 12.0 μ g m-3 
respectively, which are much higher than 22.6 and 
4.7μg m-3 that  are observed on non-HPP days. It 
appears that the influence of pollutants originating 
from Asian continental outflow to downwind area 
is very significant.  

 

Table 1. Basic statistics of aerosol characteristics and weather parameters for high pressure pushing (HPP) 

weather pattern and non-HPP time period from March 2002 to February 2005.  
 Monitoring item Effective  

hours Avg. s.d. Max. Min. 

 PM2.5 (μg m-3 ) 937 54.1 23.8 148.3 6.5 
 PM2.5 sulfate (μg m-3) 819 12.0 7.2 55.1 1.3 

HPP PM2.5 nitrate (μg m-3) 806 2.6 2.0 14.9 0.4 
 PM2.5 OC (μg m-3) 803 4.5 1.0 13.9 1.0 
 PM2.5 EC (μg m-3) 524 1.7 0.8 8.6 1.0 
 PM2.5 ( μg m-3) 8250 22.6 11.4 64.5 5.0 
 PM2.5 sulfate ( μg m-3) 7662 4.7 3.5 28.5 0.4 

non-HPP* PM2.5 nitrate ( μg m-3) 6717 1.4 1.1 20.2 0.4 
 PM2.5 OC ( μg m-3) 6747 3.5 1.7 18.0 1.0 
 PM2.5 EC ( μg m-3) 2142 1.7 1.2 13.9 1.0 

*Non-HPP time period is for days excluding June, July, August, and events time defined in Chuang et al. 
(2007). 
 
2. Study area and monitoring data and model 
setup 

 

From Figure 1, it is seen that Taiwan is located 
at the West Pacific, with 200 km wide Taiwan 
Strait, opposite to southeast of China mainland. 
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The greater Taipei area is located in the northern 
Taiwan which is the firstly influenced by long-
range transport originating from the north.  

In this study, the fifth-generation Pennsylvania 
State University-National Center for Atmospheric 
Research Mesoscale Model (MM5, Grell et al., 
1994) is utilized to generate meteorological data as 
input for chemical model. For chemical model, the 
Models-3 Community Multiscale Air Quality 
(CMAQ, version 4.4, Byun and Ching, 1999; 
U.S.EPA, 1999) modeling system is utilized. In 
order to save computation time and reduce the size 
of output files, 25-layer output of meteorological 
model is transformed into 14 layers as inputs for 
CMAQ.  

Basic emission data of domain 1 and domain 2 
is from Asian emission database estimated by 

Streets et al. (2003). In order to reflect rapid 
economic development in China in the last few 
years, we refer to Hao and Wang (2005) and Heo 
and Feng (2005)’s statistics to estimate the 
anthropogenic growth factor from 2001 to 2004. 
Yearly growth factors of 1.13 and 1.19 is used for 
2001 to 2003 and 2003 to 2004 respectively. 
Biogenic source is assumed to remain constant. 
Emissions of domain 3 and domain 4 are from 
TEDS6.1 (Taiwan Emission Database System for 
2003, Fu et al., 2007) which is then spatially and 
temporally distributed by SMOKE (Houyoux and 
Vukovich, 1999) to estimates grid/hourly emission 
rate. It is expected that emission was not fluctuant 
too much from 2003 to 2004. Besides, it is noted 
that TEDS is the only emission database available 
in Taiwan. 

 

Fig. 1. Model simulation domains (D1 to D4) and geographical locations of the Taipei aerosol supersite 
(TAS). 
 

3. Results and discussion 
 
We select backward trajectory from 16:00 (at TAS, 

number 31 in Figure 2) on 20 December 2004. On that 
day, a high pressure system and PM2.5 plume moved 
southward simultaneoutly as shown in Figure 3. Figure 4 
characterizes the variation of percentile of PM2.5 
components along the path of moving plume shown in 
Figure 2.  
 
4.1 PM2.5 nitrate 

 
As PM2.5 plume moves southward, PM2.5 nitrate 

concentration decreases. The ratio of PM2.5 nitrate to 
PM2.5 decreases during long-range transport from 25% in 
Shanghai to 1% on the waters of north Taiwan. In the 
morning on 20 December, PM2.5 nitrate is only about 1μ

g m-3. Kin and Park (2001) found that NO3
- was quite 

low in fine mode particles transported from Asia 
continent. This explains that the lifetime of NO3

- in fine 
mode particles is very short. It is known that  NO2 can 
react with NO3 radical and form N2O5 at night and then 
N2O5 may react with H2O and form HNO3 (Waston et al., 
1994). However, N2O5 and NO3 radical are only a few 
pptv at night on 19 December (unshown). When PM2.5 
nitrate decreases, HNO3 apparently increases. It is 
concluded that HNO3 is mainly evaporated from PM2.5 
nitrate. The high volatility of NH4NO3 makes itself 
dissociate into HNO3 and NH3 at higher temperature 
(Stelson and Seinfeld, 1982). NH3 reacted with H2SO4 
transformed from SO2 would form NH4HSO4 or 
(NH4)2SO4. It can be related to raise of PM2.5 sulfate 
along the transport of PM2.5 plume. 

 

PDF 檔案使用 "pdfFactory Pro" 試用版本建立 www.ahasoft.com.tw/FinePrint

http://www.ahasoft.com.tw/FinePrint
http://www.ahasoft.com.tw/FinePrint


  

 

Fig.2. Hourly backward trajectory path of southward 
PM2.5 plume  

 
4.2 PM2.5 sulfate  
 

SO2 can either react with HO2 and form HSO3- or 
oxidize to SO3. HSO3

- and SO3 can react with H2O2 and 
H2O (unshown, relative humidity was around 80% in the 

plume) respectively and form H2SO4, which reacts with 
NH3 (evaporated from PM2.5 nitrate) and forms 
(NH4)2SO4 or NH4HSO4 through heterogeneous reaction. 
Thus PM2.5 sulfate gradually increases in the early 
morning on 20 December. On the daytime on 20 
December, less PM2.5 sulfate is formed since PM2.5 
nitrate is low and less NH3 is evaporated. Therefore, 
PM2.5 sulfate slightly decreases due to dilution after 
08:00 on 20 December. Relative to ammonium nitrate, 
ammonium sulphate is more stable. From Figure 4, it is 
seen that percentile of PM2.5 sulfate increases from 10% 
in Shanghai at 10:00 19 December to 35% while the 
plume is near Taipei at 15:00 on 20 December.  

 
 
4.3 PM2.5 ammonium 

 
Jordan et al. (2003) think that in the long-range 

transport plume there should be enough nss-SO4
2- to 

react with NH4
+. This implies that NH3 evaporated from 

ammonium nitrate would transfer into sulfate ammonium. 
In Figure 4, the percentile of PM2.5 ammonium remains 
around 13%. PM2.5 ammonium may in the form of 
NH4NO3 or (NH4)2SO4 or NH4HSO4 in source area. 
Since NH3 can evaporate from NH4NO3 during long-
range transport where SO4

2- or HSO4
- is present, it can be 

derived that PM2.5 ammonium can be in the form of 
(NH4)2SO4 or NH4HSO4 mostly when the plume is near 
Taiwan. Further, it is expected that the percentile of 
PM2.5 ammonium remains nearly constant. 

 

 
Fig. 3. Simulated near-surface PM2.5 concentration of domain 2 and surface weather map (announced by JMA, Japan 

Meteorology Agency, http://www.jma.go.jp/jp/g3/) at 14:00 on 20 in December 2004. 
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Fig. 4. The PM2.5 mass concentration and the percentage of PM2.5 chemical components in PM2.5 during the path of Fig. 
2 

 
 
4.4 PM2.5 carbonaceous content 
 

PM2.5 OC and PM2.5 EC slowly decrease in the 
moving plume. Notably, PM2.5 OC decreased faster than 
PM2.5 EC. Therefore OC/EC ratio decreased from 4.1 
near the outlet of Changjiang River to 2.7 in Taipei. 
From Shanghai to Taipei, the ratio of PM2.5 OC to PM2.5 
just slightly decreases from 24% to 21%. In contrast, 
percentile of PM2.5 EC remains nearly the same, 6%.  
 
4. Summary 

 
Pollutants from Asia continent would influence air 

quality in Taipei countries by means of southward long-
range transport. Especially PM2.5 sulfate is the major 
chemical components. A classical long-range transport 
case from Asia continent to Taiwan occurred on 20 
December 2004 is simulated in this study. Simulation 
results show that the percentage of OC in PM2.5 only 
slightly decreases from 24% to 21%. However, 
percentage of nitrate PM2.5 decreases from 25% to a very 
lower value 1%. Relatively, the percentage of PM2.5 
sulfate increased from 10% to 35%.  
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