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expand their studies on sulfur deposition. At the Seventh Expert Meeting in 2004, the 

participants decided to extend the area to be included in the LTP model domain from 20-

50° N latitude and E 115-150° longitude to 20-50° N latitude and 100-150° E longitude 

to better simulate the long-range transport process.  

 

Figure 5.3. Five regions for model simulation in LTP. Adapted from “Joint Research Project on 
Long-range Transboundary Air Pollutants in North East Asia: Progress and Outcomes,” by 
Jeong-Soo Kim, 2008, p. 18. 
http://www.neaspec.org/documents/airpollution/PDF/S3_18am_JeongSoo_Kim(NIER)_LTP.pdf. 

 

 The countries also agreed to include 4 more months of model simulation (January, 

April, August, and October of 2002) at the Eighth Expert Meeting in 2005, and an 

additional 6 months (February, May, June, September, November, and December of 

2002) to include the full year for calculating concentration and deposition at the Ninth 

Expert Meeting in 2006. At the 10th Expert Meeting, the participants finally agreed to 



 
  

235 
 

compile all of the results of the simulation for 2002 and to perform model inter-

comparison. In addition to the source-receptor relationship for sulfur, countries agreed to 

examine the source-receptor relationship for total nitrate for 4 months (March, July, 

October, and December of 2006) at the 11th Expert Meeting in 2008. 

 As explained in chapter 3, China’s objection to the extension of the scope of 

EANET has circumscribed Japan’s intention to exercise instrumental leadership. China 

has stressed the step-by-step process on the issue of extending EANET’s scope in terms 

of substances to be monitored and activities to be performed. In the case of LTP, the 

potential for extending the scope of air pollutants for monitoring was addressed in the 

opening remarks by Suk-jo Lee, Director General of Climate and Air Quality Research 

Department at National Institute of Environmental Research in the ROK, at the LTP 

meetings in 2010:  

Up to now, LTP project has focused on sulfur and nitrogen compounds to 
quantify the impact of acid pollutants on the ecosystem. Now, it is the time to 
consider entering a new stage of the LTP project. We confront new challenges of 
short-lived climate forcers such as ozone and particulate, as well as new 
hazardous pollutants of Hg, PAH and POPs. (Secretariat of Working Group for 
LTP Project, 2010b, p. 3) 

 

Unlike their response to EANET, however, China has not expressed opposition to the 

LTP’s ambitions to extend the scope of its research because, as argued in chapter 2, the 

LTP project is more research-oriented, and also because China might consider itself less 

threatened by the ROK’s firm exertion of leadership as compared to its more competitive 

relationship with Japan. The fact that participating countries may be willing to extend the 
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scope of the LTP research project even without any country at the helm is another reason 

to doubt that any of the countries have exercised firm instrumental leadership.  

 In short, the ROK has practiced political leadership within LTP. As the initiator, it 

has exercised structural leadership through making significant financial contributions and 

hosting most LTP meetings over the past two decades. It has also demonstrated 

directional leadership through providing the most effective monitoring data in its national 

reports, as well as developing a new aircraft measurement method. However, no country 

seems to have pursued instrumental leadership, as seen in the failure to address the 

sensitive issue of the source-receptor relationship that would allow for more 

understanding about transboundary air pollutants.  

 

Knowledge 

 The main objective of LTP is to accumulate scientific knowledge to provide 

greater understanding of long-range transport of air pollutants in Northeast Asia and 

science-based information to policy-makers to help them design policies that will reduce 

adverse effects of air pollutants on the regional environment. This section examines why 

the cooperative joint research LTP has conducted over the past two decades has brought 

little common understanding on the topic   

 Each country used its own model for conducting research on source-receptor 

relationships of SO2 for 2003 and NOx-related deposition for 2006. China used the 

Community Multi-scale Air Quality (CMAQ) regional air quality model, Japan used the 

Regional Air Quality Model (RAQM), and the ROK used the Comprehensive Acid 
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Deposition Model (CADM). These three models were used to run a simulation for the 

same period, domain, and emission data to identify air pollutants’ trajectories.  According 

to former Secretary of LTP, Ilsoo Park, “It would be good to have a common model like 

Europe. However, it might be better to regard the medium results of different models as 

more appropriate results. As three countries apply same emission data, the modeling 

results have been similar.” 113 Since the countries first agreed to perform model inter-

comparison at the 10th Expert Meeting in 2007, participants have “attempted to 

investigate the sensitivity to model variability arising from different model types, 

assumptions, and meteorological parameterizations including microphysics, cloud 

schemes, and other surface boundary forcing parameterizations” (Kim et al., 2012, p. 

4086). As part of the LTP project, two scientific articles compared these three models, 

focusing on sulfur deposition simulations for the year 2002 (Kim et al., 2012) and on the 

sulfur concentrations over Northeast Asia (Kim et al., 2011) to examine the models’ 

discrepancies. Both articles confirm that there are “lower aggregated uncertainties 

between the three models” (Kim et al., 2011, p. 399).  

 The three chemical models calculate “concentrations of chemical species in the 

gas phase, ion concentration in cloud droplets and rainwater, and amounts of wet and dry 

depositions” (Kim et al., 2012, p. 4075). The only parameters shared by the three models 

were the emission rates for SO2 and NOx, obtained from the national reports for the LTP 

project. This model inter-comparison study revealed “overall similarity between models” 

(Kim et al., 2012, p. 4083). The ensemble average of total sulfur depositions over the 

                                                           
113 Interviewed on March 29, 2010 
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three countries for 2002 revealed “only a small deviation (5-7%) among the three models,” 

and “nearly identical sulfur deposition patterns” (Kim et al., 2012, p. 4083).  

 Before the recent publication of these two articles, little common understanding 

on transboundary air pollutants existed among the three countries. As noted earlier, 

annual LTP reports have been published by collating national reports presented at the 

annual expert meetings, and these reports have not been adopted as official international 

findings. Thus, the joint research of LTP appears to be unlike the 1970s OECD study that 

became a cornerstone for CLRTAP and concluded that “air quality in any European 

country is measurably affected by emissions from other European countries” and that “if 

countries find it desirable to reduce substantially the total deposition of sulphur within 

their borders individual national control programmes can achieve only a limited success” 

(Semb, Eliassen, & Dutchak, 2004, p. 9).  

 That these articles, drafted by multiple LTP meeting participants, have been 

published does point toward the expansion of shared knowledge on transboundary air 

pollutants in Northeast Asia. Yet this is a very recent phenomenon, and more importantly, 

it remains uncertain whether this academic version of research will be accepted by three 

governments as official findings. It is doubtful if countries would understand the 

similarities of the rest of research results as shared understanding among countries just 

because this model inter-comparison study showed the overall similarity between models 

on the accumulated total sulfur deposition.  

 Furthermore, the source-receptor relationships calculated by the three different 

models have yielded some controversial results among member countries (see Table 5.4 
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and Table 5.5). Northwesterly March winds favor long-range transport from the continent 

in general, and wet deposition in downwind regions in particular, along with high 

precipitation. In contrast, the continent’s influence on downwind countries lessens 

because the synoptic pattern in summer is “characterized by a subtropic high over the 

ocean south of Japan and low pressures over most of continent, combined with cyclones 

moving northward over west Pacific ocean” (Secretariat of Working Group for LTP 

Project, 2005, p. 212). Equipped with this knowledge, the three countries pay particularly 

close attention to the contribution rate of source to receptor for sulfur and nitrate 

depositions.  

 Tables 5.4 and 5.5 compare the research results of the three countries and show 

the models’ significantly different results. The sulfur depositions in the downwind 

regions, Region IV (the ROK) and Region V (Japan), vary in each country’s research 

results. According to the ROK’s modeling research results, 8.3% of sulfur deposition in 

Region IV is attributable to sulfur emissions from Region III (South China), while the 

Japanese model attributes only 3% and the Chinese model only 0.1% to that source. For 

the total nitrate depositions in the downwind regions, the ROK modeling research results 

indicate that 23.3% of nitrate deposition in Region IV is due to the nitrate emissions from 

Region III, while the Japanese and Chinese model results indicate only 7% and 12.8%, 

respectively. That the most sensitive issue of source-receptor relationships of the 

transboundary air pollutants has not been commonly understood among countries might 

explain why they agreed to exclude the source-receptor relationship section from 

published modeling results of the sulfur concentration and deposition in Northeast Asia in 

a peer-reviewed journal.    
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Table 5.4 

Sources and Receptors for Total Sulfur Deposition in March 2002 (%) 

Source          
receptor 

Region I Region II Region III Region IV Region V 

 C J K C J K C J K C J K C J K 

Region 
I 

74.7 73 62.6 4.3 4 36.9 1.5 1 0.1 10.3 6 0.1 10.3 9 0 

Region 
II 

24 26 1.3 92 91 91.2 18 20 7.3 14.5 10 0.2 14.5 16 0 

Region 
III 

1.2 1 0 3.5 5 26.3 80.4 76 73.2 3.8 3 0.1 3.8 3 0 

Region 
IV 

0.1 0 3.7 0.2 0 38.2 0.1 3 8.3 69.2 80 49.1 69.2 11 0.3 

Region 
V 

- 0 12.2 - 0 36.4 - 0 9.6 2.2 1 20.1 2.2 61 19.9 

Note: C stands for research results from China; J for research results from Japan; K for research 
results from ROK, revised from Secretariat of Working Group for LTP Project, 2005. 

Table 5.5 

Sources and Receptors of Total Nitrate Deposition in March 2006 (%) 

Source          
receptor 

Region I Region II Region III Region IV Region V 

 C J K C J K C J K C J K C J K 

Region 
I 

37.7 39 35.9 2.6 2 60.3 1.1 1 1.5 10.7 11 1.5 10.1 13 0.9 

Region 
II 

49.8 55 8.3 70.9 61 69.7 29.7 19 16.1 55.3 64 2.2 33.7 55 3.6 

Region 
III 

0.3 4 2.0 20.2 37 26.4 56.5 80 70 4.3 16 0.3 4.07 10 1.3 

Region 
IV 

1.8 1 14.9 0.6 0 29.9 0.1 0 5 12.8 7 
23.
3 

10.7 7 26.8 

Region 
V 

0.3 0 17.6 0.2 0 24 0.1 0 3.3 5.6 2 
11.
8 

33.3 15 43.2 
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Note: C stands for research results from China; J for research results from Japan; K for research 
results from ROK, revised from Secretariat of Working Group for LTP Project, 2010. 

 

 Despite these differences in results, according to Nam and Lee, “the value 

disparity among the countries has been in fact narrowed compared to the past” (2012, p. 

6).114 Based on the most recent annual report from 2012 of the LTP project, Nam and Lee 

tried to show discrepancies among the three countries’ modeled average values over 

February, May, June, and November of 2006 for the source-receptor relationships for 

total nitrate dry and wet depositions (Figure 5.4). 

 

 

                                                           
114 For specific degrees of discrepancies of different research projects on the source-receptor 
relationships, see Kim, 2007. 
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Figure 5.4. Relative contribution from sources to receptors for total nitrate dry and wet deposition. 
Adapted from “Reverberating Beyond the Region in Addressing Air Pollution in North-East Asia,” 
by Nam and Lee, 2012, p. 6. 

  

In addition to the disparity between assessments of source-receptor relationship 

for sulfur and nitrate in the five regions since 2003, LTP has not identified the extent to 

which its research activities should be expanded to provide policy makers with science-

based information. Reducing “emissions of acidifying substances usually is accomplished 

by setting ambient-air-quality standards and then specifying specific fuels or technologies 

to ensure that those standards were met” (Clark, Jäger, Cavender-Bares, & Dickson, 2001, 

pp. 32-33). Europe has taken ambitious efforts since the early 1990s to “design ‘effects-

based’ acid rain management strategies that scale emission decreases to estimates of the 

‘critical loads’ of deposition that down-wind ecosystems can tolerate” (Clark et al., 2001, 

p. 33).  

LTP has also discussed the method of critical load related to the impact of long-

range transboundary air pollutants. At the Eighth Expert Meeting in 2005, the participants 

agreed to begin considering the critical load in relation to the impact of long-range 

transboundary air pollutants in Northeast Asia and “check the capacity of current research 
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and potential activities on critical load in each country” (Secretariat of Working Group 

for LTP Project, 2005, pp. 5-6). Until recently, however, no specific research outcomes 

have been shared. This slow development of understanding the critical load in the region 

contrasts with Europe’s speedy development. It took only a decade for the CLRTAP to 

utilize the concept of critical load in its protocols. In the mid-1980s, Scandinavians 

promoted the concept of critical loads which was developed in Canada (Levy, 1993). The 

Protocol on Further Reduction of Sulfur Emissions, adopted in 1994, was the first 

protocol which was based on the critical loads approach to identify differentiated 

emission reductions on the basis of the effects of air pollutants. Even though the research 

on critical load appears significant, it might also lead LTP to study the topic endlessly 

without actually providing the region with useful scientific criteria for taking political 

action. For that reason, one ROK participant in the Working Group maintains that 

It is important to determine the scope of the research to identify research phases. 
If we have research objects, it would be good enough to understand the current 
status and its implications of pollutants to achieve scientific goals that could 
provide political momentum for consensus. For example, if we aim to understand 
critical load, it would take 10 more years to achieve scientific goals.115  

 

To summarize, Northeast Asian countries have developed very little shared 

understanding about transboundary air pollutants through the LTP cooperative 

mechanism. Even though LTP is a joint research program of these three countries, each 

country has developed its own model for conducing impact assessment of air pollutants 

in Northeast Asia and calculating the source-receptor relationship for sulfur and nitrate 

                                                           
115 Interview with Jinseok Han on March 31, 2010. 
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depositions. Despite relying on different modeling tools, researchers from the three 

countries agree that source-receptor results for sulfur are “similar among the three models” 

(NEASPEC, 2012d, p. 12). Nonetheless, this similarity of the research results has not 

influenced policy making for dealing with long-range transboundary air pollutants. LTP 

is still hesitant to adopt conclusive formal or official research results, stating that “the 

final result of full year simulation still needs one or two years to become available” 

(NEASPEC, 2012d, p. 12). The ambitious study on the critical load has not produced any 

conclusive research results that call for specific policy options. Given the lack of clear 

research objectives and an agreed-upon scope of research activities beyond some recent 

clarification in an academic journal article, LTP appears to have a long way to go to gain 

the type of shared knowledge necessary to successfully meet its goals.  

 

Socialization 

This section examines Hypothesis 3, which holds that if participating countries in 

regional environmental cooperation efforts adopt the learning rather than the adaptation 

as a process of socialization, they are more likely to create more formal and concrete 

collective action through regional cooperation. Following Ernst Haas’s classification, 

through the adaptation process, it holds, international actors can change their behavior by 

responding to new events without questioning their beliefs about underlying values or 

basic causal mechanisms. In contrast, through the learning process, international actors 

can change their behaviors by engaging in new thinking that reflects a more fundamental 
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process than adaptation because they can question their originally held theories and 

values through learning.  

This section investigates which of the two processes of socialization, adaptation 

and learning, the participating countries have engaged in. To determine the socialization 

processes, this study qualitatively measures the participation patterns of member 

countries through navigating two questions: (1) whether countries are more likely to have 

engaged in the learning process of socialization if they have found intrinsic motivations 

for their regional cooperation rather than indirect political concerns; (2) whether 

delegates are more likely to have engaged in the learning process of socialization if they 

have been able to attend international meetings for an extended period in a consistent 

manner. It is found that Northeast Asian countries have taken the adaptation process of 

socialization rather than the learning mostly due to the lack of consistent participation 

patterns.  

Regarding the first measurement of participation patterns, it is difficult to explain 

the political motivations for China and Japan to participate in LTP activities because 

these two countries appear to regard LTP as simply one of the many research projects in 

which the Chinese and Japanese scientists are engaged in, as stated above. The political 

motivations of the ROK’s initiative are not that clear as shown in the discussion of LTP’s 

objectives. One possible explanation might be that the ROK was alarmed by the Japanese 

initiative for the first regional cooperative mechanism in East Asia through the creation 

of EANET. The ROK might have not been comfortable with the Japanese leadership for 

regional environmental cooperation due to its distrust resulting from the legacy of the 
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colonial and World War II eras which has affected “virtually all of these countries’ 

international relations, not just environmental issues” (Wilkening, 2006, p. 445). 

Regarding the second measurement of the participation patterns, this subsection 

analyzes the socialization processes of two groups of participants in the Expert Meetings: 

(a) governmental officials from the three countries, mostly drawn from ministries of 

environment, and (b) scientists from national research institutes and academia. As in the 

cases of EANET and TDGM, the bureaucratic rotation systems have affected 

participation possibilities for public officers in the LTP meetings.  

Governmental officials among the delegates, mostly from ministries of 

environment of China, Japan, and the ROK, hold the same positions for a limited time 

period and are rotated every year or year and a half. In fact, no governmental officials 

from any of the three countries’ ministries of environment attended more than one Expert 

Meeting during 2003, 2009, or 2010, the only years for which information is available 

(see Table 5.6).  

Table 5.6 
Participants in Expert Meetings of LTP (Name /Affiliation) 
 6th Expert Meeting in 

2003 
12th Expert Meeting in 

2009 
13th Expert Meeting in 

2010 

China 

Zelin Wang / MEP 
Gang Li / CNEMC 
Dagang Tang / CRAES 

Jun Yu / MEP 
Bing Liu / CNEMC 
Fan Meng / CRAES 
Xiaoyang Yang / CRAES 
Min Hu / Peking 
University 
Jianjun Li / CRAES 
Youjiang He / CRAES 
Lei Duan / Tsinghua 
University 

Haibo Liu / MEP 
Fan Meng / CRAES 
Min Hu / Peking 
University 
Shuai Wang / CNEMC 
Youjiang He / CRAES 
Yuanhang Zhang / Peking 
University 
Lei Duan / Tsinghua 
University 
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Japan 

 

Wada Tokuya / MOEJ 
Shiro Hatakeyama / NIES 
Tsuyoshi Ohizumi / 
ADORC 
Matsuda Kazuhide / 
ADORC 
Hiromasa Ueda / Kyoto 
University 
Kannari Akiyoshi / 
Independent researcher 

Nobuhiro Kino / MOEJ 
Akinori Takami /  NIES 
Hiroaki Yagoh / ADORC 
Keiichi Sato (ADORC) 
Mizuo Kajino / University 
of Tokyo 

Kazuhiro Yoshikawa / 
MOEJ 
Tsuyoshi Ohizumi / ACAP 
Yayoi Inomata / ACAP 
Akinori Takami / NIES 
Keiichi Sato / ACAP 
Toshihiro Kitada / 
Toyohashi University of 
Technology 

ROK 

Moon-soo An / MOEK 
Seok-jo Lee / NIER 
Il-soo Park / NIER 
Jin-seok Han / NIER 
Tae-young Lee / Yonsei 
University 
Shang-Gyoo Shim / KIST 
 

Cheon-gyu Park / MOEK 
Lim-seok Chang / NIER 
Shang-Gyoo Shim / KIST 
Young-jun Kim / GIST 
Cheol-hee Kim / Busan 
University 
Jung-heon Woo / Kunkuk 
University 

Sang-jin Lee / MOEK 
Shang-Gyoo Shim / KIST 
Young Sunwoo / Konkuk 
University 
Lim-seok Chang / NIER 
Min-do Lee / NIER 
Young-joon Kim / GIST 
Cheol-hee Kim / Busan 
National University 
Jung-hun Woo / Konkuk 
University 

Note: Information based on MOEK, 2003, 2009; Secretariat of Working Group for LTP, 2010. 
Names of 2010 repeaters from 2009 bolded to show lots of moving around in the government 
agencies. 
ACAP: Asia Center for Air Pollution Research in Japan (former ADORC) 
ADORC: Acid Deposition and Oxidant Research Center in Japan 
CNEMC: Chinese National Environmental Monitoring Center 
CRAES: Chinese Research Academy of Environmental Sciences 
GIST: Gwangju Institute of Science and Technology in the ROK 
KIST: Korea Institute of Science and Technology 
NIER: National Institute of Environmental Research in the ROK 
NIES: National Institute for Environmental Studies in Japan  

 

As mentioned in chapter 3, due to the brief period for which governmental 

delegates are seated in the national focal points of the LTP meetings, it can be assumed 

that these participants have put most of their effort into absorbing their predecessors’ 

self-understandings and their perceptions of the other participants, especially those from 
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other countries. Frequent rotation are unlikely to give successors enough time to question 

their understandings, underlying values, or the basic causal mechanisms of regional 

cooperation, processes that would lead to a learning process that move beyond adaptation. 

Because 1 or 2 years are not long enough for governmental officials to engage in such a 

learning process, they adapt themselves to the international settings. This adaptation 

process might create little room for resolving misunderstandings or difficulties among 

participants from other countries, particularly on formerly disagreed-upon issues, such as 

whether to endorse the annual reports of LTP or whether source-receptor relationships 

should be included in a joint research paper. Under these circumstances, few of the 

behavioral changes necessary for the further development of LTP can be expected to take 

place among government participants.  

In contrast, the participation of national scientist delegates has been relatively 

stable as shown, as also shown in Table 5.6. Five of the seven ROK scientists who 

attended the 13th Expert Meeting in 2010 had participated in earlier meetings in 2003 and 

2009. Five out of six participating Chinese scientists and three out of five Japanese 

scientists had attended earlier meetings and participated in research activities in previous 

years. Thus, scientist delegates, who have participated in the learning process through 

more consistent and diverse involvement in the various international meetings, have 

engaged in the learning process of socialization.  

In addition to their relatively continuous participation in the Expert Meetings of 

LTP, the scientist delegates from all three countries have enjoyed greater opportunities to 

meet their counterparts from other countries and discuss transboundary air pollution in 

various cooperative mechanisms than have the governmental official delegates. For 
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example, the North-East Asian Subregional Programme for Environmental Cooperation 

(NEASPEC) has organized international meetings as a part of its project activities on 

Mitigation of Transboundary Pollution from Coal-fired Power Plants in North East Asia. 

The NEASPEC meetings include International Conference on Transboundary Air 

Pollution in North-East Asia in 2008, Expert Consultation Meeting on NEASPEC 

Activities in the Field of Transboundary Air Pollution in North-East Asia in January 2011, 

and a Workshop on Transboundary Air Pollution in North-East Asia in November 2011 

(Table 5.7).  

Table 5.7 
List of Participants in Meetings Organized by NEASPEC (Name/Affiliation) 
 2008 (in Japan) 

International Conference 
on Transboundary Air 
Pollution in North-East 

Asia 

Jan. 2011 (in ROK) 
Expert Consultation 

Meeting on NEASPEC 
Activities in the field of 

Transboundary Air 
Pollution in North-East 

Asia 

Nov. 2011 (in ROK) 
Workshop on 

Transboundary Air 
Pollution in North-East 

Asia 

China 

Fan Meng / CRAES 
Jun Wang / CEC 
Hezhong Tian / Beijing 
Normal University 

- 

Sheng Chen / MEP 
Fan Meng / CRAES 
Xiaoyang Yang / CRAES 
Youjiang He / CRAES 
Lei Duan / Tsinghua 
University 
Min Hu / Peking 
University 
Xuesong Wang / Peking 
University 
Shuai Wang / CNEMC 

Japan 

Hiroshi Hayami / CRIEPI 
Hiroshi Moritomi / Gifu 
University 
Hirofumi Aizawa /  MOEJ 
Shigehiro Matsuda / 
Tokyo Electric Power 

Jesada Luangjame / ACAP Ken Yamashita / ACAP 
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Company 
Akira Nitta / ADORC 

ROK 

Lim-Seok Chang / NIER 
Cheol-Hee Kim / Pusan 
National University 
Ki-Suh Park / Korea 
Cottrell Company 
Jeong-soo Kim / NIER 

Lim-Seok Chang / NIER 
Heung-Kyeong Park / 
Ministry of Foreign 
Affairs and Trade 
Seog-yeon Cho / Inha 
University 
Changsub Shim / Korea 
Environment Institute 

Lim-Seok Chang / NIER 
Jong-Choon Kim / NIER 
Seog-yeon Cho / Inha 
University 

Sinae Choi / NIER 

Sang-Woo Kim / Seoul 
National University 

Jung-Hun Woo / Konkuk 
University 

Young-il Ma / Konkuk 
University 

Younha Kim / KonKuk 
University 

Note: Information based on NEASPEC 2008; 2011a; 2011b. 
 

Two out of 11 ROK scientist delegates and five out of 13 Chinese scientist 

delegates to the LTP Expert Meetings in 2003, 2009, and 2010 had attended one of these 

three NEASPEC meetings. This attendance pattern shows that some participants with 

science backgrounds have had first-hand experiences with the LTP and taken time to 

think critically about its roles and limitations. Some of the 21 participants from the three 

countries who authored a recent journal article (Kim et al., 2012) have attended the expert 

meetings of the LTP and the NEASPEC conferences and workshops. Three (Cheol-Hee 

Kim, Lim-Seok Chang, and Shang-Gyoo Shim) of the 11 ROK co-authors attended the 

LTP meetings, and three (Cheol-Hee Kim, Lim-Seok Chang, and Jeong-Soo Kim) of 11 

attended the meetings organized by the NEASPEC. Four (Fan Meng, Youjiang He, Jun 

Xu, and Lei Duan) out of six Chinese authors attended the LTP meetings, and three (Fan 



 
  

251 
 

Meng, Youjiang He, and Lei Duan) attended the NEASPEC meetings. All four of the 

Japanese authors had attended the LTP meetings.  

In contrast to the participation of Chinese and ROK scientists, Japan has sent only 

a few delegates to the NEASPEC meetings. No Japanese delegates to the LTP expert 

meetings had attended the NEASPEC meetings. Only one Japanese delegate participated 

in the meeting in January 2011 and another in November 2011.116  

Thus, it can be argued that the scientist delegates to the LTP expert meetings have 

had a greater opportunity to meet and discuss their research with participants from other 

countries and to understand the developments reported in others’ studies on 

transboundary air pollution. Scientists from the region have more access to 

communication with each other through various scientific meetings than do governmental 

officials who are rotated frequently.  

As mentioned above, the article co-authored by Kim et al. in 2012 demonstrates 

that progress is being made toward solidifying the LTP objectives and addresses the 

significant similarities of the modeling methods among the three countries. Although it 

does not represent an official government-level position on transboundary air pollutants, 

it does prove that scientists from three countries are capable of sharing information about 

transboundary air pollution and that each country’s studies can be considered and 

accepted by other countries in the pursuit of deeper understanding. This progress can be 

attributed to the learning process that scientist delegates to the LTP expert meetings have 

taken in various international settings.  

                                                           
116 Five Japanese delegates participated in the International Conference on Transboundary Air 
Pollution in North-East Asia in 2008, but the relatively large number of Japanese delegates to this 
meeting may have been a result of the meeting’s having been held in Japan, while the other two 
meetings were held in the ROK. 
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In summary, the two groups of participants at the LTP meetings have experienced 

different socialization processes. The group of governmental officials from the three 

countries has taken the adaptation process due to bureaucratic rotation systems that allow 

them to maintain their positions for only a year or so. Meanwhile, the group of scientist 

delegates has taken the learning process of socialization because they have had chances 

to communicate with scientist delegates from other nations through a variety of channels, 

such as international conferences and workshops organized by other regional 

environmental cooperative mechanisms.  

However, as the case of EANET and TDGM showed, it is unclear whether the 

learning process of socialization of scientist delegates through their consistent patterns of 

participation have helped governmental officials engage in the more learning process of 

socialization. The short terms of service of the governmental official delegates due to 

bureaucratic rotation systems have limited the amount of interaction that they can have 

with scientist delegates and thereby have taken not the learning but the adaptation 

processes of socialization.   

 

Conclusions 

This chapter examined how political leadership, scientific knowledge, and 

socialization have affected the extent of collective action regarding transboundary air 

pollutants. Even though LTP developed as a regional cooperative mechanism through the 

active involvement of governmental officials from ministries of environment of China, 

Japan, and the ROK, it was found that LTP has attained little in the way of either formal 

or concrete collective action. The Working Group has not functioned well as the 
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governing body due to a lack of job clarification and budgetary power. The two Sub-

Working Groups have been unable to agree upon common monitoring and modeling 

methods for joint research. Furthermore, the three countries have used different 

monitoring methods and modeling tools, making it difficult to directly compare research 

results.  

This chapter concludes that political leadership is not positively associated with 

this lack of the extent of formal and concrete collective action, yet the lack of shared 

scientific knowledge regarding transboundary air pollutants among the participating 

countries of LPT and the adaptation process of socialization are positively associated 

with the little development of formal and concrete collective action. Regarding political 

leadership, the slow and limited development of the LTP project as a regional cooperative 

mechanism in Northeast Asia seemed odd because the ROK has practiced significant 

structural leadership of the organization through making dominant contributions for 

financing the joint research activities and hosting more annual meetings than any other 

country. The ROK has also wielded directional leadership through trying a new method 

for monitoring activities, its aircraft measurement for the LTP research.  

It is surprising to see that the ROK’s extensive political leadership for the 

organization’s joint research activities has not produced any formal and concrete 

collective action over the past two decades. Considering comparative magnitudes of 

financial contributions made by leadership countries, the ROK’s structural leadership for 

LTP (US$1,000,000 a year) is significantly less than Japan’s for EANET 

(US$16,000,000 a year). Nonetheless, the ROK’s financial contributions to LTP projects 

can be seen as significant considering the smaller number of participating countries – 
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only three for LTP and 13 for EANET. In addition, its expenditures for LTP are much 

larger than its contributions for the TDGM (US$75,000 a year), which has succeeded in 

achieving formal cooperation in only half a decade, a relatively short period of time. 

Therefore, the hypothesis that political leadership contributes to developing more formal 

and concrete collective action is not supported by the LTP case. 

In contrast, this chapter upholds the hypothesis on shared knowledge that the 

greater the commonly shared knowledge among participating countries in regional 

environmental cooperation efforts, the more formal and the more concrete will be the 

collective action found in the region. The LTP case confirms that the lack of commonly 

shared knowledge among participating countries can explain the limited extent of 

collective action. It also supports the hypothesis on socialization, which asserts the less 

the learning process among participants in regional environmental cooperation efforts, 

the less formal and the less concrete will be the collective action found in the region even 

if a participating country exerts significant political leadership. Thus, little development 

of shared scientific knowledge and the learning process of socialization can explain the 

lack of the extent of collective action in the joint research conducted by LTP.  

This chapter confirms the social mechanisms between these variables that were 

found in the previous two chapters. The case of LTP also shows that strong political 

leadership alone does not lead participating countries to engage in the learning as the 

socialization process. The adaptation process of socialization among participants in the 

regional cooperative mechanisms is attributable to the lack of shared scientific 

knowledge.  
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CHAPTER 6 

NOT LIKE EUROPE:  

COMPARING EUROPEAN EXPERIENCES TO NORTHEAST ASIAN ONES 

REGARDING TRANSBOUNDARY AIR POLLUTION 

 

Introduction 

To better understand Northeast Asian experiences in dealing with transboundary 

air pollution issues, this chapter compares those experiences to Europe’s. To explain the 

differences between the two regions, this chapter analyzes political models that European 

countries have employed to tackle transboundary air pollution problems through 

examining the three major factors examined in the previous chapters: the exertion of state 

leadership, the development of shared scientific knowledge, and adoption of socialization 

processes. 

The chapter argues that unlike Europe, which has achieved positive institutional 

and environmental outcomes in reducing air pollution by developing better air quality 

management mechanisms within regional regulatory regimes, Northeast Asia has failed 

to generate broader cooperation and produce useful measurement data that could lead to 

the creation of a regional environmental regime despite two decades of efforts. The 

previous three chapters have analyzed the varying degrees of collective action or 

negotiated outcomes accomplished by three different cooperative mechanisms, EANET, 

TDGM, and LTP.   

This is the first study to specifically compare Europe and Northeast Asian efforts 

to deal with transboundary air pollution. Most comparative studies in the field have 

focused on economic cooperation, as it has been the most institutionalized area of 
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regional cooperation. Europe has expanded its regional cooperation from economic issues 

to constitutional integration within the European Union, and North America’s regional 

cooperation was also initiated through economic collaboration, including the Automotive 

Pact and the Defense Sharing Agreement in the 1960s, the North American–Canadian 

Free Trade Agreement in 1988, a and the North American Free Trade Agreement 

between Mexico, Canada, and the United States in 1992 (Akaha, 1999, p. 4). The history 

of economic collaboration in the West may explain why most studies on regional 

intergovernmental collaboration in Asia have focused on trade liberalization, trade 

facilitation, and economic cooperation (see for example, Ravenhill, 2001). Although 

numerous studies have focused largely on European successes in environmental 

cooperation, this study compares Europe’s cooperative experiences with those of 

Northeast Asia. 

By examining the differences in those experiences, the findings in this chapter 

can contribute to efforts to improve regional environmental cooperation in other regions 

as well as in Asia. As the previous chapters have shown, Northeast Asia (and in a wider 

sense, East Asia) has developed various environmental cooperative mechanisms 

regarding transboundary pollution even though those mechanisms have not yet succeeded 

in reaching any binding regional agreement. Nonetheless, these regional efforts in 

Northeast Asia have inspired other regions to also initiate environmental cooperation 

regarding transboundary air pollution, including in Latin America since 2007 and in 

Africa since 2008, through the Global Atmospheric Pollution Forum (GAPF), a 

partnership of international organizations and regional air pollution networks.  
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In Africa, these efforts have led to the development of the Eastern Africa 

Regional Framework Agreement on Air Pollution, the Air Pollution Information Network 

for Africa (APINA), and the Clean Air Initiatives in Sub-Saharan Africa (CAI-SSA). 

Latin America has established the Meeting of the Latin American and Caribbean Inter-

Governmental Network on Air Pollution, the Clean Air Initiatives in Latin America 

(CAI-LA), and the Inter-American Network for Atmospheric and Biospheric Studies 

(IANABIS). Given the presence of these cooperative frameworks, a greater 

understanding of the regional environmental cooperation within Northeast Asia as the 

first region outside Europe to adopt cooperation on acid rain and other environmental 

issues can provide other regions of the developing world with specific guidance on what 

lessons can be drawn from the European experience that may be applicable to their own 

regions. 

Summary of the Northeast Asian Experiences 

Based on the findings of the previous chapters, this section examines the political 

models that Northeast Asian countries have taken to deal with transboundary air pollution 

issues. The preceding three case chapters examined the varying forms and degrees of 

collective action developed by the participating countries in terms of their formalization, 

specificity or concreteness, and legalization. Given that none of these cooperative 

mechanisms have developed into regulatory regimes, the rest of this section examines the 

formalization and specificity of their collective action.  

Negotiated Outcomes: Empirical Findings 

This dissertation has examined the hypothesized effects of leadership, shared 

knowledge, and the learning mode of socialization on variations among different 
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regional environmental cooperative mechanisms in terms of their degree of 

formalization, concreteness, and legalization.117  

Based on its analysis of the three modes of leadership—structural, directional, and 

instrumental—within the three regional environmental cooperative mechanisms, this 

study finds that a single participating country has dominated the political leadership of 

each one. In the case of EANET, Japan’s contributions toward the financing of the 

secretariat constituted 94% of the total expenditures of the secretariat and 99% of the 

budget of the network center. In the other two cooperative mechanisms examined, the 

TDGM and the LTP, the ROK has been the dominant financial contributor to joint 

research projects and borne the cost of most annual meetings and the traveling expenses 

of Chinese participants. 

In terms of shared scientific knowledge, Northeast Asia has been struggling with 

a lack of scientific standardization despite continuous research efforts for more than two 

decades. To examine the socialization processes within these cooperative mechanisms, 

this study investigated the external and internal contexts that have shaped cooperation 

around environmental issues in the region. These external contexts included international 

pressures or situations that Northeast Asian countries faced before initiating their regional 

cooperation efforts regarding their own particular environmental issues related to 

transboundary pollution. The analysis of internal contexts included an examination of the 

participation patterns of delegates to the international meetings of the three mechanisms 

and revealed that they have engaged in the adaptation rather than learning processes of 

socialization, primarily because of the bureaucratic rotation systems in China, Japan, and 

the ROK. This study asserts that the frequent turnovers in and inconsistent participation 
                                                           
117 Table 6.2 shows the results of these variables in the three cases along with the European case. 
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of delegates have decreased the chance of developing socialization patterns that could 

enhance international cooperation and encourage behavioral changes by the participating 

states by building personal relationships among representatives. 

Negotiated Outcomes: Analytic Findings 

An analysis of these empirical findings indicates that all three independent 

variables are partly associated with varying degrees of collective action as measured by 

formal and concrete collective action. Regarding the political leadership, the cases of 

EANET and TDGM provided strong evidence supporting my hypothesis that the stronger 

the leadership, whether structural, instrumental, or directional, exercised by a 

participating country in a form of regional environmental cooperation, the more formal 

and the more concrete will be the collective action developed in the region. That EANET 

demonstrated the most formal organization and of concrete outcomes among the three 

regional cooperative mechanisms are positively associated with Japan’s outstanding 

political leadership. The ROK’s dominant but more modest political leadership within the 

TDGM also appears to be associated with the development of formal but less concrete 

collective action. The hypothesis is not supported, however, by the failure to develop 

formal and concrete collective action on the part of LTP despite the ROK’s significant 

exercise of political leadership.  

The knowledge model was also partly upheld by the three cases. The hypothesis, 

which predicts that the greater the commonly shared knowledge among participating 

countries in regional environmental cooperation efforts, the more formal and the more 

concrete will be the collective action found in the region, was not supported by the 

EANET case because it has achieved the most successful extent of formal and concrete 
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collective action without commonly shared scientific knowledge. The TDGM case did 

not uphold the knowledge model either because the lack of shared scientific knowledge 

about DSS among the participating countries of TDGM cannot explain why TDGM has 

succeeded in establishing the formal mode of collective action through creating the first 

governmental-level, multilateral cooperative mechanism that focuses exclusively on DSS 

issues in Northeast Asia in a relatively short period of time, from 2007 to the present. 

However, the LTP case upheld the knowledge model because the lack of shared scientific 

knowledge regarding transboundary air pollutants among the participating countries are 

positively associated with the little development of formal and concrete collective action.  

The data show that despite their continuous monitoring and modeling efforts over 

two decades, scientists in the region have not reduced uncertainties about the significant 

adverse consequences of acid deposition through EANET, the major causes of DSS 

beyond natural phenomena through TDGM, and the shared source-receptor relationships 

of air pollutants between countries through LTP. The lack of a common understanding of 

impacts and anthropogenic causes of atmospheric phenomena has led participating 

countries to prefer voluntary participation over developing the cooperative mechanisms 

into regulatory regimes. The socialization model was also partly upheld by the three cases. 

The hypothesis, which asserts that that it is more likely that participating countries in 

regional environmental cooperation efforts will create formal and concrete collective 

action through regional cooperation if they take the learning rather than the adaptation 

process of socialization, was not supported by the EANET case because the adaptation 

process of the participating countries in EANET cannot explain the most successful 

collective action in terms of formalization and concreteness. The TDGM case also did not 
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uphold the socialization model because TDGM achieved formal mode of collective 

action without the learning process of socialization. However, the LTP case upheld the 

socialization model because LTP did not develop formal and concrete collective action 

with the adaptation rather than learning process of socialization.  

The earlier chapters have shown that external and internal contexts of Northeast 

Asia and the participating countries’ other experiences in global and regional 

environmental cooperation have not led the countries in the region to take the learning 

process of socialization. Responding to external and internal political contexts of the 

region, the countries in the region chose to create and participate in EANET for their own 

political reasons rather than out of a genuine concern for tackling the acid deposition 

problem. For the creation of EANET, Japan chose the issue of acid deposition as a 

subject of regional environmental cooperation because of its enough scientific 

accumulation to lead regional environment, rather than its recognition of the acid 

deposition as a serious environmental problem in Japan. Both China and the ROK also 

recognized joining the EANET as their chance to achieve their own political objectives 

such as Japan’s investment in building the Sino-Japan Friendship Center for 

Environmental Protection in China and Japan’s agreement on the ROK’s initiative for 

NEASPEC. In the process of developing regional cooperation on DSS, China had 

particular political interests such as acquiring the technical and financial assistance from 

the international community and changing its poor reputation on its air quality to hold the 

2008 Beijing Olympics. Japan also had political motivations in participating in the 

international discussions on desertification through the UNCCD such as increasing its 

reputation among developing nations and aiming to export its expertise in forestry. It is 



 
  

262 
 

difficult to explain the political motivations for the participation of China and Japan in 

the LTP projects because both countries appear to regard LTP as simply one of the many 

scientific research projects in which their scientists are engaged in. One possible 

explanation for the political motivations of the ROK’s initiative might be that the ROK 

was alarmed by the Japanese initiative for EANET and was uncomfortable with the 

Japanese leadership due to its distrust.  

There has also been little interaction between the national experts in the UNCCD 

and delegates to the TDGM meetings and between participants of various NEASPEC 

meetings related to transboundary air pollution and delegates to the LTP meetings. 

Moreover, the frequent turnover among participating governmental officials and 

diplomats because of bureaucratic rotation systems has led countries in the region to 

engage in the adaptation process of socialization by giving participants little physical 

chance to engage in the learning process of socialization. 

Although these three hypotheses are only partly supported by the data, the 

examination of these variables has uncovered two useful insights. First, it has 

demonstrated that strong political leadership is not itself sufficient to lead member 

countries to engage in the learning process of socialization and that a lack of shared 

scientific knowledge is positively associated with the adaption process of socialization 

among participants in the cooperative activities of these three regional mechanisms.  The 

second is that the lack of shared knowledge and of the learning mode of socialization 

helps explain why all three regional cooperative mechanisms have failed to advance to 

become legally binding cooperative mechanisms.  
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It thus can be argued that knowledge and socialization barriers are key 

determinants of the development of regulatory regional environmental regimes. Even 

given strong political leadership by a participating country, a region is unlikely to 

develop a legally binding regional environmental regime without shared scientific 

knowledge and engagement in the learning process of socialization.  

Environmental Outcomes 

As noted in the previous chapters, the reduction in airborne pollutants emissions 

in Northeast Asia has not been impressive. Since the beginning of its modernization in 

the mid-19th century, Japan has achieved rapid economic growth as a result of 

industrialization and urbanization. During 1955-64, the economic development of Japan 

was supported by tripled energy consumption, resulting in various air pollution problems 

that peaked in the 1960s. However, Japan’s technological innovation, institutional 

development, and collaboration between government and industry led to a significant 

decrease in SO2 emissions, nearly 40%, between 1974 and 1987 (UNEP, 2001, p. 32). 

Since the first half of the 2000s, Japan’s SO2 and NOx emissions have shown downward 

trends (Figure 6.1).  

 

Figure 6.1. Emissions of SO2 and NOx in Japan. Adapted from “Current Situation of Japan and 
the World (1),” Annual Report on the Environment, the Sound Material-Cycle Society and the 
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Biodiversity in Japan 2012, by Ministry of Environment of Japan, 2012, p. 12. 
http://www.env.go.jp/en/wpaper/2012/pdf/03_chpt1-1.pdf.  

 

As discussed in chapter 2, the ROK has dealt with severe air pollution problems 

since the early 1980s through various domestic measures such as the 1981 Standard for 

Sulfur Content, the 1985 Prohibition of Solid Fuel Use, and the 1988 Clean Fuel Use 

Duty. Particularly owing to the government’s continuous efforts to strengthen fuel 

regulations, the concentration level of SO2 in the major cities of the ROK has been 

constantly improving (Figure 6.2). The emission reductions for NOx are not as significant 

as those for sulfur, but the Korean government emphasizes that NO2 emissions have been 

controlled at a certain level (Figure 6.3).  

 

Figure 6.2. Concentration levels of SO2 in ROK. Adapted from ECOREA: Environmental Review 
2011, Korea, by Ministry of Environment of Korea, 2012, p. 18. 
http://eng.me.go.kr/board.do?method=view&docSeq=9728&bbsCode=law_law_paper&currentPa
ge=1&searchType=&searchText=. SO2 annual average air quality standard is 0.020ppm. 
 

http://www.env.go.jp/en/wpaper/2012/pdf/03_chpt1-1.pdf
http://eng.me.go.kr/board.do?method=view&docSeq=9728&bbsCode=law_law_paper&currentPage=1&searchType=&searchText
http://eng.me.go.kr/board.do?method=view&docSeq=9728&bbsCode=law_law_paper&currentPage=1&searchType=&searchText
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Figure 6.3. Concentration level of NO2 in ROK. Adapted from ECOREA: Environmental Review 
2011, Korea, by Ministry of Environment of Korea, 2012, p. 19. 
http://eng.me.go.kr/board.do?method=view&docSeq=9728&bbsCode=law_law_paper&currentPa
ge=1&searchType=&searchText=. NO2 annual average air quality standard is 0.03ppm.  

 

The rapid industrialization and urbanization in China have continued to 

significantly increase energy demand, resulting in large anthropogenic SO2 emissions 

from the combustion of coal. After a relatively stable trend of SO2 emissions in China 

during 1995-1999, such emissions increased by 53% from 2000 to 2006, with an annual 

growth rate of 7.3% (Lu et al., 2010). This change was driven by an increase in fossil fuel 

consumption due to the economic boom during this period. To deal with this increasing 

use of fossil fuels, the Chinese government reaffirmed its commitment to reduce SO2 

emissions in its 11th Five-Year Plan during 2006-2010, relative to the 2005 level and set 

emission reduction requirements that resulted in the wide installation of flue-gas 

http://eng.me.go.kr/board.do?method=view&docSeq=9728&bbsCode=law_law_paper&currentPage=1&searchType=&searchText
http://eng.me.go.kr/board.do?method=view&docSeq=9728&bbsCode=law_law_paper&currentPage=1&searchType=&searchText
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desulfurization (FGD)118 devices in coal-fired power plants in China. Since July 2007, 

the government has encouraged the use of FGD equipment through multiple measures 

such as “the installation of the continuous monitoring systems in all power plants with 

FGD devices, and the implementation of a premium/penalty scheme of electricity price 

that varies with the FGD’s operation rate” (Lu et al., 2010, p. 6316). As a result, even 

though GDP and energy consumption in China continued to grow after 2006, its SO2 

emissions began to decrease due to phasing out small, high-emitting power generation 

units as well as the application of FGD technology.  

In contrast, NOx emissions in China have been constantly increasing due to the 

country’s rapid increase in energy consumption and its soaring number of motor vehicles 

(Figure 6.4).   

 

Figure 6.4. Trends of air pollutants emissions in China. Adapted from “Trend of Energy 
Use and Nitrogen Oxides Emissions in China,” by Tian, 2008. 
http://www.neaspec.org/documents/airpollution/PDF/S2_17pm_Tian[1].pdf.  

 

Despite the lack of regulatory regimes to tackle airborne pollutants problems in 

Northeast Asia, China, Japan, and the ROK have achieved steady decreases in sulfur 

                                                           
118 FGD is a set of technologies used to remove SO2 from exhaust flue gases of fossil-fuel power 
plants and from other emitting processes.  

http://www.neaspec.org/documents/airpollution/PDF/S2_17pm_Tian%5b1%5d.pdf
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emissions resulting from domestic measures taken on their own initiative. Even though 

Japan achieved a nearly 40% reduction of SO2 emissions between 1974 and 1987, this 

figure was not impressive compared to the reductions that have been made by many 

industrialized European countries. Moreover, even though Japan has shown a decrease in 

NOx emissions resulting from domestic measures since the mid-2000s, the increase in 

NOx emissions in China has been high enough to degrade the general state of NOx 

emission conditions in Northeast Asia. The geographical location of China as a source 

makes this increase particularly worrisome given the dominant downwind in the region in 

the spring season.  

In addition to the problems associated with specific air pollutants that both 

EANET and TDGM have focused on, environmental problems related to DSS have also 

increased in the region, as discussed in chapter 4. The frequency and intensity of these 

problems have been worsening for a few decades. Without international regulatory 

regimes, numerous bilateral projects have been so sporadic that they have not produced 

fruitful results, particularly regarding forestation.  

Thus, we can conclude that Northeast Asia has not advanced its management 

system regarding transboundary air pollution in the absence of a regulatory regional 

environmental regime. This result is different than has been the case in Europe, which has 

developed better air quality management with the regulatory regime created by the 1979 

Convention on Long-Range Transboundary Air Pollution (CLRTAP). In particular, it 

took only a decade for Europeans to go from recognizing the problem to negotiating a 

binding agreement, whereas Northeast Asian countries are still working for scientific 

understanding and standardization since they started to discuss transboundary air 
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pollution in the early 1990s. It took Europe less than a decade after initiating two key 

joint research projects in 1972 to adopt a framework convention in 1979 and less than 

two decades to adopt binding regulatory protocols in the 1980s and 1990s. In contrast, 

Northeast Asia did not start its own joint research until the early 1990, and their efforts 

over the past two decades have not culminated in a framework treaty or regulatory 

protocols. To better understand why, the following sections analyze the ways in which 

the differences in the speed of development and the degree of collective action between 

Europe and Northeast Asia can be attributed to political leadership, shared scientific 

knowledge, and modes of socialization. 

 

Summary of European Experiences: CLRTAP 

Unlike most regional cooperative mechanisms regarding transboundary air 

pollution in Northeast Asia that fall into UNEP’s second category of such mechanisms 

with permanent structure and a science focus but without legally binding agreements, 

CLRTAP has developed as the most successful regional cooperative structure with not 

only formal and concrete collective action but also legal infrastructure and a policy focus. 

The following subsections introduce the major treaties, briefly explain how well they 

have worked in terms of compliance, environmental emission declines related to 

particular protocols, and the effectiveness of the CLRTAP system in general.  

Development of CLRTAP 

The CLRATP was a framework convention that established “a basis for 

continuing research and information sharing, and policymaking” (Selin & VanDeveer, 

2011, p. 67). The convention itself merely stated that the monitoring activity and 
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information exchange should start with sulfur dioxide without specifying any particular 

pollutants that should be controlled. Since then, eight subsequent protocols have been 

established, six of which are relevant to atmospheric environmental problems associated 

with sulfur, nitrogen, and VOCs. Table 6.1 lists these protocols with a brief description of 

their major provisions and information on signatories and implementation.  

Table 6.1 
CLRTAP and Its Protocols 
1979 CLRTAP: Adopted in Geneva, November 13, 1979; entered into force 

March 16, 1983; 51 parties as of August 18, 2013  
1984 EMEP Protocol: Creates a multilateral trust fund for the long-term 

financial support of EMEP activities; adopted in Geneva September 28, 
1984; 44 parties as of August 18, 2013 

1985  Protocol on the Reduction of Sulfur Emissions or Their Transboundary 
Fluxes (First Sulfur Protocol): Adopted in Helsinki July 8, 1985; entered 
into force September 2, 1987; 25 parties as of August 18, 2013 

1988 Protocol Concerning the Control of Nitrogen Oxides or Their 
Transboundary Fluxes (Nitrogen Oxides [NOx] Protocol): Adopted in 
Sofia October 31,1988; entered into force February 14, 1991; 34 parties as 
of August 18, 2013    

1991 Protocol Concerning the Control of Emissions of Volatile Organic 
Compounds or Their Transboundary Fluxes (VOCs Protocol): Adopted in 
Geneva 18 November 1991; entered into force September 29, 1997; 24 
parties as of August 18, 2013 

1994  Protocol on Further Reduction of Sulfur Emissions (Second Sulfur 
Protocol): Adopted in Oslo  June 14, 1994; entered into force August 5, 
1998; 28 parties as of August 18, 2013 

1998  Protocol on Heavy Metals: Targets three particular harmful metals—
cadmium, lead, and mercury—and aims to cut emissions from industrial 
sources, combustion processes in power generation and road transport, and 
waste incineration; adopted in Aarhus, Denmark June 24, 1998; entered 
into force December 29, 2003; 33 parties as of August 18, 2013 

1998 Protocol on Persistent Organic Pollutants (POPs): Targets 16 particular 
substances including industrial chemicals and byproducts/contaminants; 
adopted in Aarhus, Denmark June 24, 1998; entered into force October 23, 
2003; 33 parties as of August 18, 2013 

1999 Protocol to Abate Acidification, Eutrophication, and Ground-Level Ozone 
(multipollutant/multieffect protocol): Adopted in Gothenburg  November 
30, 1999; entered into force May 17, 2005; 25 parties as of August 18, 
2013 

Note: Adapted and expanded from “Institutional Linkages and European Air Pollution Politics,” 
by Selin & VanDeveer, 2011, pp. 68-69. 
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As other researchers have noted, these protocols have “become more complicated 

over time” (Lidskog & Sundqvist, 2011, p. 7) and represent “a steady development” in 

which they have progressively covered “more substances with regulations that are 

gradually becoming both binding and specific and more fine-tuned to ecological and 

economic variations between the countries” (p. 47). The so-called first-generation 

protocols, including the 1985 Sulfur Protocol, the 1988 NOx Protocol, and the 1991 

VOCs Protocol, were based on the flat-rate reduction of emissions of pollutants, which 

meant that all member countries were expected to achieve the same emission cuts. In 

contrast, the second-generation protocols, including the 1994 Second Sulfur Protocol and 

the 1999 multipollutant/multieffect Protocol, “focused on varying national reduction rates 

based on the approach of critical loads—that is, effects in relation to what nature can 

withstand-and cost effectiveness” (Lidskog & Sundqvist, 2011, p. 8). In particular, the 

1985 Helsinki Protocol mandated uniform reductions of 30% in sulfur dioxide emissions 

from 1980 levels by 1993, but the 1994 Oslo Protocol mandated country-specific cuts of 

sulfur dioxide emissions based on the critical loads concept that indicates “regionally-

specific emissions targets below which there would be no observable environmental 

effects from sulfur emissions,” resulting in considerably varying emission-reduction 

targets among countries based on “weather patterns and country sizes and locations” 

(Forster, 2010, p. 5).  

Organization 

 Since its initiation, the LRTAP convention has built “a multilayer organization to 

arrange for the various countries’ participation and to include scientific assessments on 
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the numerous technical and scientific questions of air pollution” (Siebenhüner, 2011, p. 

97).  The Executive Body, composed of representatives of all parties to the convention, is 

the CLRTAP’s final decision-making entity and meets at least annually to review the 

implementation of the convention and to adopt plans. Under the Executive Body, there 

are three main operating bodies: the Cooperative Programme for Monitoring and 

Evaluation of the Long-Range Transmission of Air Pollutants in Europe (EMEP) 

Steering Body, the Working Group on Effects, and the Working Group on Strategies and 

Review.119  

The CLRTAP secretariat has only about five full-time positions and organizes 

meetings, prepares annual work plans, and collects information from member states. It 

sends technical emission data to EMEP for compilation in EMEP reports. The EMEP 

Steering Body “oversees the activities of the EMEP programs, including an 

environmental monitoring system and the collection of emission data, measurement of air 

and precipitation quality, and modeling of atmospheric transport and deposition of air 

pollution” (Selin & VanDeveer, 2003, p. 24). The EMEP Steering Body meets and 

reports to the Executive Body on its activities annually.  

Compliance with Regulatory Protocols: Emissions Reductions  

Wettestad has characterized national compliance with those protocols as high 

overall (2011, p. 47). In the 1985 Helsinki Protocol, states agreed to reduce sulfur 

emissions or their transboundary fluxes by 30% from 1980 levels by 1993. Compliance 

                                                           
119 The earlier Working Group on Abatement Technologies was dissolved and the Working 
Group on Strategies was renamed the Working Group on Strategies and Review after some major 
restructuring following the 1999 Gothenburg Protocol “in order to extend its responsibility to the 
review of the current protocols and for possible revisions and initiatives” because the main task of 
Working Group on Abatement Technologies was limited to the “preparation of technical annexes 
to the protocols” without concern for integrated assessment modeling (Siebenhüner, 2011, pp. 
102-103).    
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with sulfur emission reduction commitments by many countries, including both some 

Western European and some transition countries in Eastern Europe, was high and in fact 

marked by “substantial overcompliance” (ibid.). As a result, Europe achieved a reduction 

of more than 70% in sulfur emissions between 1980 and 2004 (55Tg to 15Tg) (Vestreng, 

et al., 2007). 

 The Oslo Protocol was conceived of as “a more effective treaty through focusing 

the issue on environmental rather than political objectives, thus increasing participation 

and compliance” (Forster, 2010, p. 5) due to the introduction of differentiated obligations 

based on the concept of a critical load, which is defined as “a quantitative estimate of an 

exposure to one or more pollutants below which significantly harmful effects on specified 

sensitive elements of the environment do not occur according to present knowledge” 

(Levy, 1993, pp. 101-102).  

For the 1991 VOC Protocol, the UNECE argued in a more recent review that 

progress was very good regarding VOC reductions given that emissions had decreased 

41% by 2006 and exceeded the 2010 target of 40% (Wettestad, 2011, p. 49). For the most 

recent 1999 Gothenburg Protocol, Wettestad notes that the 2010 UNECE review 

indicated that emissions of ammonia decreased by 22%, greater than the 17% reduction 

target, and he also argues that  “in the period covered by the Gothenburg Protocol (i.e., 

with a 1990 baseline), by 2006 such emissions had been reduced by 65 percent” (2011, p. 

47).  

There are, however, pessimistic views on the extent of successful compliance of 

CLRTAP. For example, for the reduction in SO2 emissions, it has been suggested that the 

reduction of industrial emissions may be attributable to “economic reasons or during 
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recent years to air pollution control” such as developing technical measures to limit their 

dependence on oil and to switch from coal and oil to gas, nuclear, and biomass as a 

consequence of the 1973 oil crisis, rather than to compliance with the protocols (UNESC, 

2004, p. 162). A more pessimistic view of the Helsinki Protocol’s contributions to the 

reductions in sulfur dioxide emissions is taken by Finus and Tjøtta (2003), who contend 

that they resulted primarily from a non-cooperative abatement policy. According to this 

argument, many countries had already achieved the targeted reduction when they signed 

the agreement, and all signatories not only met the target in 1993 but reduced emissions 

well above beyond the required 30% (Appendix IV).  

 Reducing nitrogen oxides, however, proved more challenging than reducing 

sulfur dioxides. Despite other scholars’ criticism of the Sofia Protocol for adopting only a 

freeze (Levy, 1993), a recent implementation review by UNECE argues that progress in 

NOx reductions has been substantial. NOx levels dropped by average 35% between 1990 

and 2006, a little less than the average target of a 41% cut (Wettestad, 2011, p. 49). In 

comparison to sulfur emissions, it appears that in the case of reductions in NOx 

emissions, “environmental control requirements have played a much more important role 

and other reasons have been of less importance” (UNESC, 2004, p. 162). 

Compliance with Protocol Obligations 

Along with high compliance with emissions reduction requirements, compliance 

monitoring has also been high, even though some countries have failed to report. As the 

organizational entity that manages the monitoring of sulfur dioxide, nitrogen dioxides, 

ground-level ozone, and other substances, EMEP has coordinated all the monitoring data 

for CLRTAP. According to Lidskog and Sundqvist, EMEP has become a “channel for 
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exchanging standardized scientific information and empirical data” that has enabled the 

“growth and spread of a common knowledge base concerning both the seriousness of the 

acid rain issue and ecosystem mechanisms” (2011, p. 9).  

EMEP measures pollutant levels at about a hundred stations throughout Europe, 

and each participating government also reports emission levels to EMEP. Given EMEP’s 

verification procedures, its data monitoring has reached a high level of reliability; 

according to Levy, “there has never been any suspicion that nations cheat on their 

emissions reports” (1993, p. 89). In particular, measuring sulfur dioxide emissions by 

converting fuel consumption figures is so relatively simple that participating countries 

have high confidence in the EMEP data.120  

In 2007, the Implementation Committee, established at the 1994 Second Sulfur 

Protocol to review implementation of and compliance with the protocol, reported an 

improvement in countries’ compliance with reporting obligations. According to the 

Implementation Committee in its report in 2007, the degree of compliance with protocol 

obligations was good and improving (Selin & VanDeveer, 2011). 

Effectiveness 
 

In terms of effectiveness, Wettestad gave CLRTAP only a “medium” rating in 

comparison to the regime to protect the ozone layer, which has achieved more significant 

behavioral change, and to the climate-change regime, which has achieved little 

behavioral change and seems unlikely to accomplish much productive problem solving in 

the near future (2011). To measure effectiveness of international institutions, scholars 

                                                           
120 When it comes to reporting NOx and VOCs levels, however, the performance of participating 
countries has been poor because CLRTAP “offers few binding and/or stringent emissions 
reduction requirements” (VanDeveer, 2006, p. 39).  
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applied the two perspectives: problem characteristics and problem-solving capacity (for 

example, see Underdal, 1999; Wettestad, 2011).121 Wettestad determined that CLRTAP’s 

high malignity was attributable to its “perhaps not more than medium success” 

(Wettestad, 2011, p. 50). In addition to the malign problem characteristics, its problem-

solving capacity is moderate in terms of its “institutional aspects such as a limited and 

stable secretarial capacity. . . and a consensual decision-making style,” despite some 

flexibility in the consensual requirements which was possible because countries were 

reluctant and had not signed the protocols were holding back the remaining countries 

(Wettestad, 2011, p. 50). 122  

 

Potential Explanations for Differences between Environmental Cooperation in 

Europe and Northeast Asia  

This section defends the structural comparability of the regions. It might be 

argued that the differences between environmental cooperation in Europe and Northeast 

Asia can be explained by that these two regions have experienced different degrees of 

regionalism and that they have achieved different levels of economic development within 

each of the two regions. It sheds light on these two potential explanations and explains 

why this dissertation focuses on the political leadership, knowledge, and socialization 

                                                           
121 As Underdal points out, “a problem may be difficult to solve in two different respects: it may 
be intellectually complex or poorly understood, and it may be politically malign” (1999, 55). 
Thus, an analysis based on problem characteristics emphasize the “fundamental aspects of the 
environmental problems addressed by the regimes,” and an analysis based on problem-solving 
capacity focuses on “a combination of the institutional efforts established and the entrepreneurial 
efforts made to address and solve the environmental or resource problems (Wettestad, 2011, pp. 
42-43). 
122According to Wettestad, this flexibility was possible because countries were reluctant and had 
not signed the protocols were holding back the remaining countries.  
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instead of focusing on the influence of comparative regionalism on regional 

environmental cooperation and the influence of disparity in economic development. 

Comparative Regionalism 

Scholars who argue that environmental cooperation is a dependent variable in the 

development of regionalism tend to highlight the under-institutionalized and disjointed 

features of Northeast Asia, as discussed briefly in chapter 2. Those who claim that 

environmental cooperation is an independent variable for broader regionalism, argue that 

the differences in environmental governance result from different political cultures of the 

regions, characterized in Northeast Asia by a preference for soft agreement, reciprocal 

promises without formal clauses, a “distaste for legalization,” and “consensus-based 

decision making practices” (Yoon, 2013, p. 43).  

The relative lack of cooperative regional mechanisms in Northeast Asia is in great 

contrast to those among European states, who have also established the European Union 

(EU), which Akaha calls “the most developed stage of regional integration in the world to 

date” (1999, p. 31). Akaha attributes the elaborate organizational structure and the timely 

expansion of membership in the EU to a “combination of enlightened political leadership, 

common civilizational background, shared security concern during the Cold War era, and 

common economic interests” (p. 33).123 In contrast, according to Akaha, Northeast Asia 

is characterized by “state-to-state conflicts and rivalries, with nationalism remaining a 

powerful force that commands the loyalty of citizens” (p. 42). As a result of “multiple 

territorial disputes, jurisdictional conflicts, and ethnic animosities,” Akaha argues,  

                                                           
123By “enlightened state intervention” Akaha means the belief that “the state should actively 
remove barriers to trade, investment, and other forms of economic exchange” rather than 
controlling “how the economies of the region interact with each other” (1999, p. 45). 
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The States in the region lack experience in collective problem solving; they are 
suspicious of each other; and they rarely encourage their citizens to engage with 
one another without their direct control or monitoring. As a result, “Northeast 
Asia” remains today a geographic referent rather than a political, much less a 
cultural community. (p. 42)  
 

The uneven power distribution among states in the region, along with the diversity of 

political systems and cultural backgrounds, has resulted in the development of slow, 

deliberate, and incremental processes toward regional cooperation. To encourage greater 

cooperation, Akaha suggests,  

A realistic framework would start with issues that are removed from issues of 
national sovereignty, political independence, or territorial integrity. Issues of 
economic development, trade liberalization, technical cooperation, environmental 
changes would be more palatable as initial agenda items. Deep integration at the 
level of a common market or an economic union would be distant goals, if ever. 
(Akaha, 1999, p. 45)  

 

Although cooperation on issues of economic development and trade liberalization 

may, as Akaha suggests, appear to be the most promising areas for increased cooperation, 

even that has proven difficult or fragile because of the rivalries among countries in the 

region. As discussed in chapter 1, China and Japan are currently competing for the status 

of the world’s second largest economy in terms of GDP. At the same time, Japan’s 

economic challenges have offered the ROK opportunities to improve its economic 

situation. The Yen’s high exchange rate, for instance, is beneficial to Korean exporters 

who compete with the Japanese in the global market. Examples of such competition can 

be seen in the rivalries between Hyundai and Toyota and between Samsung and Sony. 

According to Lee and Moon, the “intensified competition” among Northeast Asian 

countries that “have been moving into more value-added, capital- and technology-

intensive industries” has strengthened a “swarming sparrow” economic pattern marked 
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by “deepening economic competition among regional rivals” rather than a “flying geese” 

model predicated upon “a harmonious intra-industrial division of labor among countries 

in the region” (2008, p. 49). 

An overriding concern for sovereignty has also influenced the development of 

regionalism in Northeast Asia. In the case of China, for instance, the “sovereignty issue 

has always been a central concern of the Chinese government in its diplomatic activities,” 

according to Zhao, and its “historical memories of victimization” in the late 19th century 

and the early 20th century have led to a “deeply rooted fear among Chinese elites” about 

the possible erosion of sovereignty by outsider powers (2011, p. 64). Therefore, “China 

has preferred an informal and soft approach toward regional cooperation to avoid legally 

binding resolutions that could infringe on the sovereignty of member states” (Zhao, 2011, 

p. 64).  

Yet China’s preponderant concern with maintaining its sovereignty has been 

shared by many Northeast Asian countries. Northeast Asian regionalism has emphasized 

“a consensus decision-making process, consultative procedures, voluntarism, and non-

interference in member states’ internal affairs” (Zhao, 2011, p. 65). This so-called soft 

approach “is different from North American and European regionalism where formal 

procedures, rule-making and enforcement are emphasized” (Zhao, 2011, p. 65). Yoon 

describes the relatively informal nature of regional environmental cooperation in 

Northeast Asia as follows: 

While the agreements entail reciprocal promises or actions for implementation on 
the part of the individual parties, none of them contains formal clauses that 
describe the parties’ commitments as binding obligations or legal sanctions for 
non-compliance. Consequently, the interpretation and implementation of the 
agreements are largely up to the governments of the member countries and their 
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practices are not subject to formal scrutiny under the agreements. (Yoon, 2013, p. 
2) 
 

Although this dissertation focuses on the variations among different regional 

environmental cooperative mechanisms in Northeast Asia rather than on regional 

characteristics in general, it does not disregard regional characteristics in explaining 

regional environmental cooperation, as some factors in that cooperation may be more 

closely related to regional characteristics than to characteristics of the issues themselves.  

Disparity of Economic Development among Participating Countries 

It also might be argued that the differences between Europe and Northeast Asia 

have resulted from different levels of economic development within each of the two 

regions. Certainly, with the exception of Hungary, the gap in economic development 

among European countries when CLRTAP was founded in 1979 or the NOx Protocol 

was signed in 1988 was not very significant, as shown in Figure 6.5. In contrast, 

Northeast Asian countries demonstrate dramatically different levels of economic 

development, as shown in Figure 6.6. It is well-known that GDP per capita of Eastern 

European countries was much lower than GDP per capita of Western European countries. 

However, it would be argued that the difference is not as great as the difference between 

Japanese per capita GDP and Chinese per capita GDP.   
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Figure 6.5. GDP per capita of European countries in 1979 and 1988 in 2013 value of US$. Data 
gathered at the World Bank. http://databank.worldbank.org/ddp/home.do?Step=3&id=4. The 
World Bank did not have data for many Eastern European countries such as Czech Republic, 
Estonia, Slovak Republic and Ukraine.  
 
 

 

Figure 6.6. GDP per capita in East Asia (EANET member countries) in 1993 and 2001 in 2013 
value of US$. Data gathered at the World Bank. 
http://databank.worldbank.org/ddp/home.do?Step=3&id=4.  
  

The relationship between the environment and development has been exhibited in 

an inverted-U Kuznets curve, which indicates that environmental quality initially worsens 

as per capita income rises, but at some point eventually begins to decline (Panayotou, 
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1993; Rock, 2002). Grossman and Krueger (1993) estimated that the “turning points” for 

atmospheric concentrations of suspended particulate matter (SPM) and sulfur dioxide 

(SO2) were under US$5,000 (in 1985 value). Many studies observed this same pattern 

despite finding different turning points for different air pollutants.124 With the exception 

of most Eastern European countries, the GPD of European countries exceeded US$5,000 

in 1979 when they first reached an agreement on international environmental 

cooperation.  

Some countries in Northeast Asia have demonstrated a similar pattern. In Japan, 

as mentioned above, domestic institutional development and collaborations between 

government and industry began a significant decrease in sulfur dioxide emissions when 

its GDP per capita tipped US$5,000 in 1974. During the ROK’s post-1965 high-growth 

era, “energy consumption increased two times faster than it did for other upper-middle-

income countries,” leaving “little doubt that their early structural shifts in the 

composition of production contributed to rising portions of inverted-U environmental 

Kuznets curves” (Rock, 2002, p. 10). After rising, the pollution intensities of industrial 

activity declined because of shifts in the composition of industrial output as well as the 

introduction of various domestic measures to limit pollution in the 1980s. The ROK’s 

turning point regarding pollution coincided with the year in which it attained a GDP per 

capita of US$5,000. That the GDP per capita of China did not tip US$5,000 until around 

2010 (Figure 6.7) may help explain why it had not been prepared to control air pollution 

and take regional initiatives for decreasing transboundary air pollution in Northeast Asia 

                                                           
124 Selden and Song estimated the turning points for these two air pollutants to be US$8,000, but 
they asserted that the turning point estimates for NOx and carbon monoxide (CO) “appear quite 
sensitive to the method of estimation” even though “aggregate emissions of these pollutants also 
appear to peak at moderately high levels of income” (1994, p. 154). 
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to that point. Indeed, the Kuznets curve may predict that China will further develop its air 

pollution measures since its recent turning point. How China’s economic development 

may influence its political leadership, shared knowledge, and socialization regarding 

environmental cooperation will prove an interesting topic for future research. 

 

Figure 6.7. GDP per capita in China, Japan, and the ROK in 2013 value of US$. Data gathered at 
the World Bank. http://databank.worldbank.org/ddp/home.do?Step=3&id=4.  
 

The findings of this dissertation do not rule out the potential influence of varied 

degrees of economic development among the nations of Northeast Asia. Indeed, this 

factor might explain China’s apparent lack of willingness to contribute financially to the 

operations of the TDGM and LTP joint research projects. As discussed in chapter 1, this 

study instead focuses on the political models that each region has established to tackle 

transboundary environmental problems. The following sections investigate whether the 

success of European cooperation through CLRTAP can be attributed to the exertion of 

political leadership, development of shared scientific knowledge, and engagement in the 

learning process of socialization.  
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Political Leadership 

This section examines whether the European case supports Hypothesis 1, that the 

stronger the leadership (whether structural, instrumental, or directional) by a participating 

country (not necessarily a hegemon or the regionally dominant state actor) or a group of 

countries in a form of regional environmental cooperation, the more formal and the more 

concrete the collective action developed in the region will be. As discussed earlier, this 

study assumes that leadership is a necessary component of international cooperation and 

that any country can lead regardless of its material capability.  

 This dissertation has identified three types of political leadership: structural, 

instrumental, and directional. For the purposes of this study, contributions to the 

financing of the regional cooperative mechanisms are treated as evidence of structural 

leadership under the assumption that states will spend more freely to exercise structural 

leadership. Instrumental leadership is demonstrated by “negotiating skills to frame issues 

in ways that foster integrative bargaining and to put together deals that would otherwise 

elude participants endeavoring to form international regimes through institutional 

bargaining” (Young, 1991, p. 293). Intellectual or directional leadership refers to 

developing substantive solutions based on knowledge and changing perceptions of risks.  

As this section will show, political leadership in the CLRTAP has been shared by 

numerous countries. This is particularly true in the Cooperative Program for Monitoring 

and Evaluation of the Long-Range Transmission of Air Pollutants in Europe (EMEP). 

Unlike EANET, TDGM, and LTP, which have been dominated by a single Northeast 

Asian country, the Nordic countries exerted their leadership in the 1970s through 

CLRTAP, and this initial Nordic instrumental leadership coalition “has increased over 
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time, related primarily to the catalytic change in German air policies” (Wettestad, 2011, p. 

51).  

Structural Leadership 

This sub-section investigates the contributions made to the CLRTAP Trust Fund 

or in kind through EMEP to examine which countries have exercised structural leadership 

within CLRTAP. The 1984 EMEP Protocol created a multilateral trust fund for the long-

term financial support of EMEP activities that entered into force on January 28, 1988. 

According to the CLRTAP Executive Body’s 1999 report on contributions for the 

financing of the EMEP Program between 1988 and 1998 (Appendix V), many countries 

shared in the burden of supporting the EMEP and no single country dominated the 

contributions. Between 1988 and 1998, Germany, the Russian Federation, and France 

were the most significant contributors (contribution US$2,639,228, US$2,434,909, and 

US$2,212,388, respectively).125 Several other countries contributed smaller but still 

significant amounts, including the United Kingdom (US$1,649,635), Italy (US$895,136), 

Spain (US$691,451), the European Community (US$596,184), and the Netherlands 

US$594,327). Twenty out of the 39 countries each contributed over US$100,000 during 

this period (UNESC, 1999).126 

Although it could be argued that these financial arrangements resulted from the 

mandatory characteristics of the 1984 EMEP Protocol and the high level of economic 

development of European countries, a closer examination of EMEP’s financial 

arrangements shows that contributions were not mandatory and were marked by extra-

                                                           
125 This data is 12 years old.  I believe it is relevant to comparing because it refers to a similar 
period since conclusion of the initial agreements Northeast Asia today. 
126 The 39 parties include the European Community and two voluntary members (Canada and the 
United States, which had not made any contributions for during this period).  
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budgetary funds, such as in-kind donations, voluntary contributions of non-signatories, 

and arrears on the part of many countries. Member countries participated to different 

extents and contributed varied amounts to the EMEP.   

Several countries made extra budgetary contributions to the Meteorological 

Synthesizing Center–West (MSC–W) and the Chemical Coordinating Center (CCC). 

Norway and the United Kingdom contributed to the MSC–W in 1994 (US$278,660), in 

1995 (US$795,100), and in 1996 (US$811,460). Norway contributed US$1,181,030 and 

the United States donated US$30,000 in 1997. Additionally, Norway contributed 

US$616,292, or 51% of the total expenditures, in 1998. The host institute, the Norwegian 

Institute for Air Research (NILU), made contributions to the CCC in 1994 (US$40,606), 

in 1995 (US$238,920), and in 1996 (US$186,115). In 1998, Belarus and Bulgaria also 

made in-kind contributions to the work of the Meteorological Synthesizing Center–East 

(MSC–E) (UNESC, 1999).  

Along with EMEP, the Working Group on Effects oversees another series of 

research programs, and a lead country operates each International Cooperative Program 

(ICP) on a voluntary basis (Levy, 1993; UNECE, 2013b). There are six ICPs, each under 

the leadership of a certain country: forests (Germany), waters (Norway), materials 

(Sweden), vegetation (United Kingdom), integrated monitoring (Sweden in collaboration 

with Finland), and modeling and mapping (Germany in collaboration with the 

Netherlands). National governments are encouraged to participate in these programs 

voluntarily. Participating countries pay their own research costs, and the lead countries 

provide the coordinating expenses of the research programs (Levy, 1993). Levy notes that 

the voluntary nature of these financial contributions may have led the CLRTAP protocols 
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to become “instruments of normative persuasion instead of as regulatory rules” (1993, p. 

132), arguing that although the protocols’ instruments appeared to be rules, they served 

the function of normative persuasion, which was a key determinant to CLTRAP’s 

success.   

In contrast to these voluntary extra-budgetary contributions, the contributions of 

several countries were in arrears in various years, amounting to a total in cash arrears in 

during 1991-1998 of US$ 464,920.127 Arrears for contributions in kind from the Ukraine 

totaled an additional US$283,445 even though most countries have contributed their 

expected amounts for the financing of the EMEP. Reservations of the positions on the 

mandatory contributions which means delayed payments, made by the biggest 

contributors, including Germany and France, illustrate the limited nature of the 

mandatory contributions to the EMEP Trust Fund. In 1995, “the Executive Body 

approved the use of the United Nations formula for assessments as a basis for the annual 

revision of the cost sharing for the financing of the EMEP programme, starting in 1998” 

(UNESC, 1999, p. 2).128 This decision was made “taking into account the announcement 

of the Russian Federation that from 1998 it would pay its mandatory contribution in cash 

to the Trust Fund” (ibid.).  

However, at the 16th session of the Executive Body in 1998, “Germany reserved 

its position on its 1999 and 2000 mandatory contributions calculated on the basis of the 

                                                           
127 The former Yugoslavia had arrears in cash for 1991, Italy and the former Yugoslavia for 1992, 
Yugoslavia for 1993 and 1994, Italy for 1995, Bosnia and Herzegovina, Italy and Yugoslavia for 
1996, 1997 and 1998 (UNESC, 1999).  
128 The United Nations scales of assessment are decided by the UN General assembly for all UN 
Member States. EMEP calculates its scale of contributions on the basis of the UN scale of 
assessment. For example, Germany took part in 8.662% of the UN assessment rate in 2004, and 
20.8952% of the EMEP scale of contributions. Based on this calculation, Germany was scheduled 
to contribute US$447,860 in 2007 for the financing of the EMEP programme (UNECE, 2006).  
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United Nations scales of assessments for these years, which would lead to a steep 

increase in Germany’s contributions” (ibid.). In the following sessions of the Steering 

Body, Germany reemphasized its disagreement on the use of the United Nations scales 

for the allocation of EMEP contributions. The reservations have been continued by now. 

The French and German delegations “expressed their reservations regarding the 10 per 

cent increase for the EMEP budget and regarding their contributions for 2008” at the 25th 

session of the Executive Body in 2007 because in their view the current allocation of the 

EMEP budget “represented a disproportionate share of the budget” (UNECE, 2012, p. 5). 

Even though the Executive Body encouraged Germany and France to drop their 

reservations, Germany reaffirmed its reservation with regard to its financial contribution 

for 2009 at the 26th session of the Executive Body in 2008. Again, the Executive Body 

encouraged Germany to give up its reservation as soon as possible.  

In short, the financing of the EMEP program based on the 1984 EMEP Protocol 

has led many member countries to share the financial burden for running the program 

through making contributions as pledged. Even though Germany, the Russian Federation, 

and France were the biggest contributors, most other countries also took responsibility 

based on the United Nations assessment scales. On the other hand, Germany and France 

opposed what they considered to be an excessive share for the EMEP budget. Despite 

their reservations, the EMEP operated on funding from other countries and voluntary 

extra-budgetary contributions of a few countries. Shared responsibility rather than 

reliance on a few dominant countries has buttressed the sound financial conditions of the 

EMEP and other research programs under the Working Group on Effects. It can be 
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argued that the structural leadership of the CLRTAP has been shared by several countries 

rather than exerted by only one or two wealthy countries.  

Instrumental Leadership 

The instrumental leadership of the CLRTAP also has been shared by several 

countries. In the early phases of the CLRTAP, the Nordic countries exerted considerable 

instrumental leadership through active participation in various CLRTAP bodies. 

According to Wettestad, “Nordic negotiators and scientists have over time acquired a 

strong standing within the various CLRTAP bodies” (2004, p. 91). Examples include the 

Norwegian chairman of the Executive Body in the late 1990s and the Swedish chairmen 

of the Working Group on Strategies and the CLRTAP secretariat. Germany has also 

exerted instrumental leadership after the “catalytic change in German air policies” due to 

the domestic forest dieback problem (Wettestad, 2011, p. 51). Wettestad argues that  

German leadership added considerable political weight to the processes in the 
1980s and 1990s and was exercised with continuity at the point in the regime 
development process where several Nordic countries’ interests became much 
more complicated and the initial Nordic leadership coalition broke down (from 
the mid-1980s on) (2011, p. 51).  
 

Thus, I contend that Germany and the Nordic countries have shared instrumental 

leadership for CLRTAP. This instrumental leadership exerted by several countries must 

have been helpful in developing CLRTAP which had few specific provisions with ample 

room for policy development in the first place and added later more specific protocols. 

Directional Leadership 

In terms of directional or intellectual leadership, Norway has played a major role 

in establishing and implementing CLRTAP. As Siebenhüner has noted, “the complexity 

of ecological systems with their interconnectedness, numerous causal mechanisms, 
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synergies, and accumulation effects between different substances and abrupt system 

changes” meant that rigorous research and monitoring was necessary to cope with limited 

scientific knowledge and great uncertainties (2011, p. 93). As a result, the “weight given 

to enhancing scientific knowledge in the Convention necessitated the establishment of a 

substantial ‘complex’ of scientific and technological working groups,” making Norway, 

which already had “interests and substantial scientific/technical competence in this issue 

area,” the obvious candidate to take a “formal and informal leadership role” in the early 

phase of the CLRTAP (Wettestad, 2004, p. 91). In fact, the Norwegian Institute for Air 

Research took responsibility for coordinating the founding of two international projects: 

the Organization for Economic Cooperation and Development (OECD) Program on 

Long-Range Transport of Air Pollutants (1972-1977) and the Norwegian research project 

Aid Precipitation – Effects on Forest and Fish (1972-1980).  

Despite this strong Norwegian intellectual leadership, the member countries of 

CLRTAP seem to have shared intellectual leadership through international bodies such as 

the International Institute of Applied Systems Analysis (IIASA), which developed and 

implemented the RAINS model (Siebenhüner, 2011). As discussed in the following 

section, the RAINS model gained prominence quickly, and other alternative models were 

unable to keep pace with its advancements, leading to its adoption in much of the 

CLRTAP research. 

Thus, this study’s analysis of the three modes of political leadership finds that 

Hypothesis 1 is proven. Strong leadership has been provided by participating countries, 

allowing the CLRTAP to deal successfully with transboundary air pollution issues in 

Europe. From CLRTAP’s founding, European countries have shared leadership 
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responsibilities rather allowing one country to dominate the leadership, unlike the 

Northeast Asian cooperative mechanisms examined in this study, in which one country, 

usually the initiator, has dominated the leadership. This analysis confirms Hypothesis 1, 

which predicts that the stronger the political leadership that one participating country or a 

group of countries in the region exert, the more formal and the more concrete the 

collective action in the region will be. Furthermore, it is not strong leadership alone but 

shared leadership among participating countries that most enhances regional 

environmental cooperation. 

 

Knowledge 

This section tests Hypothesis 2, which asserts that the greater the commonly 

shared knowledge among participating countries in regional environmental cooperation 

efforts, the more formal and the more concrete will be the collective action found in the 

region. After Europe launched various research projects in the early 1970s, it took only a 

decade for the participating European countries to agree on a framework convention and 

another decade to agree on a series of regulatory protocols. In contrast, Northeast Asia 

has not reached any conclusive scientific findings although it has undertaken a variety of 

research efforts since the early 1990s. The rest of the section reviews the status of 

scientific knowledge in Europe.  

Although Robert Smith’s 1872 Air and Rain: The Beginnings of a Chemical 

Climatology had introduced research on acid rain as early as the mid-19th century, acid 

rain did not become a policy concern until the 1930s and 1950s, when European 

researchers first launched studies on aquatic ecosystems and the relationships between 
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the loss of alkalinity in surface waters, precipitation acidity, and fossil fuel emissions. In 

the 1960s, Svante Odén, a soil scientist working at Sweden’s Agricultural College, 

synthesized diverse strands of research and concluded (a) that acid rain was a large-scale 

phenomenon across Europe, (b) that many areas were indeed experiencing the increasing 

acidity of precipitation, and (c) that this increase would cause detrimental effects on fish, 

forests, and materials (Clark et al., 2000). These hypotheses were pursued by scientists 

sponsored by the Swedish government, which led to the presentation of a case study on 

“Air Pollution across National Boundaries: The Impact of Sulfur in Air and Precipitation” 

at the 1972 Stockholm U.N. Conference on the Human Environment.  

Following these early Scandinavian efforts, two research projects shaped 

scientific discussions in the earlier phases of CLRTAP: the Organization for Economic 

Cooperation and Development (OECD) Program on Long-Range Transport of Air 

Pollutants (1972-1977) and the Norwegian research project on Aid Precipitation – Effects 

on Forest and Fish (1972-1980). The results of the OECD study, published in 1977, 

confirmed that the air quality in every European country was affected by the emissions of 

other European countries and that air pollutants were transported long distances. It further 

concluded that “if countries find it desirable to reduce substantially the total deposition of 

sulphur within their borders individual national control programmes can achieve only a 

limited success” (OECD, 1977, quoted in Semb, Eliassen & Dutchak, 2004, p. 9). 

CLRTAP participants and analysts agreed with and supported these findings. According 

to VanDeveer, 

The OECD research constituted an important contribution to awareness raising 
among many Western European policymakers and publics. Importantly, it helped 
to de-legitimize flat denials of the occurrence of transboundary pollution 
transport, such as those previously voiced by British and West German officials. . 
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. . In this way, the OECD study altered the foreign policy of some opponents of 
air pollution cooperation, establishing the understanding that pollutants were 
being transported across borders and shifting the debate toward issues of 
assessing damages and policy proposals. (2006, p. 29) 

 
Following the OECD reports and growing public and media attention, in 1977 a 

number of European states began negotiating an international convention to deal with the 

long-range transboundary transport of air pollutants. The United Nations Economic 

Commission for Europe (UNECE) was selected as the appropriate forum “because of the 

perception that it was the only existing organization with both environmental and 

economic interests that also included national members from both East and West” 

(VanDeveer, 2006, p. 30).  

These initial negotiations and took place largely between highly committed 

Nordic states, including Sweden, Norway, Denmark, Finland, and other, more reluctant 

Western European parties, including West Germany and the United Kingdom. Even 

though the Soviets had begun an initiative to promote cooperation in nonmilitary spheres 

for détente at the 1975 Helsinki Conference on Security and Cooperation in Europe, the 

Soviet Union and Central and Eastern European nations played a minor role in the 

negotiations for a monitoring and regulatory program regarding transboundary air 

pollutants pushed by Sweden and Norway.  

As noted earlier, the initial CLRTAP expressed only “an intent of the signatories 

to limit and gradually decrease transboundary air pollution to the extent that technologies 

and economics allowed” (Clark et al., 2000, p. 33) and did not spell out any specific or 

binding commitments for pollution control or reduction, “leaving all specifics of 

multilateral environmental policy development for subsequent international agreements” 

(VanDeveer, 2006, p. 30). Even so, Clark et al. argue that CLRTAP successfully brought 
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major players to the table and “enhanced the foundations of monitoring and assessment 

on which alter action would build, expanding EMEP to include all of Europe, 

establishing a number of ongoing multilateral assessment processes, and providing an 

institutional home for subsequent international efforts” (Clark et al., 2000, p. 33).  

In this process, shared scientific knowledge on transboundary air pollutants 

played a key role. Especially crucial was the additional scientific knowledge produced 

from cooperative monitoring results by EMEP. EMEP led the discussions about emission 

reductions based on “yearly calculated blame matrices, from which the overall 

export/import budgets for all countries in Europe could be considered” and “formed a 

platform for negotiations on emission reductions” (Erisman et al., 2004, p. 160). Through 

“the large participation and commitment from the European countries to the EMEP 

programme” and the participation of both scientists and policymakers, European 

countries were able to “reach a common understanding of the problems and solutions 

(ibid.). 

EMEP was this effective because it combined monitoring and modeling and 

established source-receptor relationships for acidic substances across the member 

countries. The EMEP network monitoring acidic gas and the wet deposition of acidic 

species has quantified the patterns of acid deposition and compared them to its adverse 

effect measures (e.g., critical loads). This has enabled EMEP to quantify both the extent 

of the acidification problem and trends in improvement. In addition to the notable success 

of this monitoring, the construction of emission inventories has provided an “extremely 

important building block of the modelling work” (Williams, 1999, p. 777). Although the 

individual parties to the convention carried out a large amount of the work in their own 
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countries, the EMEP program provided an important coordination function and quality 

assurance, including acquiring data in a consistent form that made cross-country 

comparisons possible. As a result, the EMEP emission inventories for various air 

pollutants, including SO2 and NOx, “have found wide use and application not just in the 

CLRTAP area, but amongst scientists and researchers in many other areas in Europe and 

elsewhere” (ibid.). Through all these efforts, EMEP provided the shared scientific 

knowledge on which the specific and regulatory protocols developed in the early years of 

the CLRTAP were based. 

 As mentioned above, it took less than a decade for Europe to transform this 

shared scientific knowledge into regulatory protocols, unlike the slow development of 

shared scientific knowledge through the efforts of Northeast Asian environmental 

cooperative mechanisms. This was facilitated in part by European scientists’ 

development of the critical-loads approach in response to criticism of the flat-rate 

reduction protocols (both 1985 First Sulfur Protocol and 1988 Nitrogen Oxides Protocol). 

Europe has taken a significant step toward “differentiated commitments” and away from 

the “common cuts” called for in the 1994 Second Sulfur Protocol by employing the 

critical loads concept.   

This process of knowledge development was facilitated by the Regional 

Acidification Information System (RAINS), an integrated assessment model. It was 

developed by IIASA in 1983 as a “scenario-generating device” for the reduction of 

acidification and other damaging effects on a regional scale. In Europe, the yearly 

calculated source-receptor matrix (the so-called “blame matrix”) buttressed scientific 

discussions and negotiations, making it possible for European participants to build a 
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common understanding of the transboundary pollution problems and to formulate 

solutions. The RAINS team attempted to facilitate understanding among policymakers by 

presenting model results clearly and simply. In doing so, the team rejected the EMEP 

atmospheric transfer model (ATM), which is complex and demanding in terms of time to 

collect data, and instead designed the blame matrix to help others visualize and identify 

pollution emitters and receivers. The RAINS model has also been improved through 

competition with alternative models such as the Abatement Strategies Assessment Model 

developed by the Imperial College London and the Coordinated Abatement Strategy 

Model developed by the Stockholm Environment Institute, which forced the RAINS team 

to clarify the model’s differences and merits and thereby made it “more relevant and 

acceptable to the policymakers” (Ishii, 2011, p. 184) than other models. As a result, the 

“RAINS model was finally chosen as the guiding model, and other models were used for 

checking (or relativizing) its runs and outputs” (ibid.).  

In short, European countries reached a scientific consensus about their 

vulnerability to and the extent of transboundary air pollution in Europe before agreeing 

on a framework convention. Despite initial opposition to these findings from a few 

countries, including the United Kingdom and Federal Republic of Germany, European 

countries agreed to adopt specific protocols to regulate air pollutants for the following 

decade. This analysis thereby confirms Hypothesis 2, which posits that a region will 

develop more formal and more concrete forms of collective action if the participating 

countries in its environmental cooperation efforts develop greater shared scientific 

knowledge. 
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Socialization 

This study defined socialization as the internalization of the values, roles, and 

understandings. This study examines adaption and learning as the two different processes 

of the internalization of norms that operate within these regional cooperative mechanisms. 

While, according to Haas (1990) and Johnston (1996), the adaptation process refers to the 

acceptance and adoption of preexisting, external norms and behaviors without changing 

the broad goals of countries, the learning process refers to a more transformative process 

which brings behavioral changes because actors question and examine fundamental and 

original values.   

This section examines Hypothesis 3, which asserts that participating countries in 

regional environmental cooperation efforts are more likely to create formal and concrete 

collective action through regional cooperation if they adopt learning rather than 

adaptation as a process of socialization. To examine which of these two processes of 

socialization the participating countries have engaged in, this section qualitatively 

measures the participation patterns of member countries through navigating two 

questions: whether the participation of countries in the region has been prompted by 

indirect, rather than intrinsic, concerns about particular transboundary air pollution issues; 

and whether delegates are more likely to have engaged in the adaptation process of 

socialization if they have had the opportunity to attend international meetings for only a 

short period or in a sporadic manner, and to have engaged in the learning process of 

socialization if they have been able to attend international meetings for an extended 

period in a consistent manner. It is found that European countries have engaged in both 
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the learning and adaptation processes of socialization while committing to the CLRTAP 

activities. 

Regarding the question of the political motivations for European countries to 

participate in the CLRTAP, I argue that there were two groups of European countries 

engaged in different processes of socialization. The countries which had varying political 

motivations and reasons to participate in implementing the CLRTAP can be argued to 

have engaged in the adaptation process. According to Levy (1993), Denmark, the Soviet 

Union, and the United Kingdom had all different non-environmental reasons for making 

the reductions associated with the participation in the CLRTAP: Demark because of its 

membership in the Nordic Council, which was also participating; the Soviet Union 

because it perceived CLRTAP as an important political issue for advancing détente; and 

the United Kingdom so as to change its image from the “dirty man of Europe” and in 

response to “political pressure from a wide variety of sources” (pp. 123-124). Other 

countries which were highly motivated to solve the problem of acid rain internationally 

can be argued to have been engaged in the learning process of socialization. Norway, 

Sweden, and later Germany are good example countries for this process in the 1970s and 

early 1980s.  

For the NOx protocol, Germany also seemed to have political motivations. 

Reducing NOx emissions by any significant magnitude “would require strict automobile 

emission standards” because nitrogen oxides are emitted both from power plants and 

automobiles (Levy, 1993, p. 95). For Germany, which had already required catalytic 

converters in automobiles through 1983 legislation, reductions in nitrogen oxides would 

not particularly difficult, and thus it  supported the Scandinavians’ efforts to add a 
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nitrogen oxides protocol immediately following the adoption of the sulfur protocol in 

1985. But the United Kingdom, France, and Italy did not support a protocol to reduce 

nitrous oxides, as their automakers argued that emission standards would place them at a 

comparative disadvantage with Germany, which was already able to produce “much of 

the equipment needed to meet strict standards, such as fuel injectors and catalytic 

converters” (Levy, 1993, p. 95). Likewise, Eastern Europe and the Soviet Union opposed 

nitrous oxide reductions because their automobile manufacturing industries were rapidly 

expanding and they foresaw that reducing automobile emissions would have negative 

economic consequences in the near future.129 These varying political motivations of 

many European countries show that they have engaged in the adaptation process of 

socialization to some extent. 

Regarding the second measurement of the participation patterns, unlike the 

inconsistent participation of governmental official delegates to international meetings in 

the Northeast Asian environmental cooperative mechanisms examined in this study, the 

patterns of delegates’ participation in Europe’s CLRTAP can be described as 

significantly consistent. This section analyzes the participation of delegates to the EMEP 

Steering Body between 2008 and 2011 because of its role as the organization’s governing 

body. As it shows, most of the European countries have sent the same delegates to these 

meetings for a number of years (Appendix VI). Many delegates have been dispatched by 

                                                           
129 Since reaching the 1988 Nitrogen Oxides Protocol, the average European reductions in NOx 
emissions have reached around 25%, while Eastern Europe, Germany, and Switzerland have 
achieved a nearly 50% reduction. According to European Environment Agency, the reduction in 
NOx mainly resulted from technical measures within the transport and industrial sectors, 
including the installation of catalytic converters in gasoline-fueled cars, the introduction of motor 
modifications in diesel-fueled cars, and “the introduction of combustion modification 
technologies (such as use of low NOX burners), implementation of flue-gas abatement techniques 
(e.g., NOX scrubbers and selective…and non-selective…catalytic reduction techniques) and fuel-
switching from coal to gas” (2012b).  
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their ministers of environment or similar institutions, and most hold a high rank, such as 

heads of departments, within their organizations. Through continuous participation by 

delegates who have remained the same for a long period of time and who hold decision-

making power within the organizations with which they are affiliated, member countries 

have imbued the organization’s proceedings and decisions with considerable credibility. 

Moreover, delegates have been able to build and expand their own understandings of 

EMEP activities and issues through accumulated experiences with the EMEP.  

Appendix VI shows the recent participation patterns of participants in the annual 

meetings of EMEP Steering Body, which are also similar to those exhibited during the 

first decade of the CLRTAP. As Siebenhüner argues, “one of the main success factors for 

the CLRTAP and its assessments has been the continuity of a large percentage of its 

personnel, especially in the first decade of its existence,”  and that “[n]ewly acquired 

technical and procedural knowledge could thereby be kept inside the process and passed 

on through individuals” (2011, p. 105). Given this continuity, participating members have 

been able to engage in learning as a socialization process, which can change the 

behaviors of international actors through allowing them to question fundamental theories 

and their values.  

At the same time, it should be noted that there were considerable discrepancies in 

the participation in international meetings by major Western countries, such as Germany, 

the Netherlands, Norway, Sweden, and the United Kingdom, and by the Central and 

Eastern Europe (CEE) countries. Whereas early scientific interest in environmental issues 

in the West was spurred by identifiable and observable environmental effects, scientists 

in CEE countries had developed little interest in these issues because they had “little 
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access to mass media or domestic public policymaking” (VanDeveer, 2006, p. 40). Only 

a small number of delegates from the CEE participated in the two major international 

conferences on acidification research and policies that were sponsored by the Dutch 

government in cooperation with UNECE. In fact, only 10 delegates from five CEE 

countries—around 4.3% of all the delegates attending —participated in the 1986 

conference, and only three delegates from Eastern Europe participated in the 1991 

conference.130  

In contrast, conference delegates from the five big player countries in CLRTAP 

made up 60% and 85% of attendees in 1986 and 1991, respectively. Most European states 

sent national representatives to meetings of CLRTAP’s high-level bodies, such as the 

Executive Body, Working Group Strategies, and EMEP Steering Body. Whereas 

attendance of delegates from some transition states “has been generally less frequent and 

more sporadic,” 14 out of the 16 states with perfect attendance at mid-1990s working 

group meetings were from Western Europe (VanDeveer, 2006, pp. 41-42). Despite these 

discrepancies in the delegation size between the big player countries and CEE countries 

at international CLRTAP meetings, delegates from the CEE countries might have had 

enough time to develop personal relationships with national and governance-level 

delegates from other countries if they had been able to participate consistently and to gain 

scientific knowledge through iterative communication with various scientists.  

The positive effect of continuity among a large percentage of national delegates 

and personnel for the implementation of CLRTAP has been reinforced by the learning 

process of socialization among scientists and political negotiators. The “continuous, 

                                                           
130 These 10 delegates included one participant from Czechoslovakia, two from Hungary, three 
from Poland, two from the Soviet Union, and two from Yugoslavia. 
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iterative communication among scientists and negotiators” has been recognized by other 

scholars as “one of the crucial preconditions for the successes of the convention process” 

(Siebenhüner, 2011, p. 104). Through formal and informal communication and 

relationships among the working groups and the Executive Body, which are mostly 

mediated through the Working Group on Strategies and Review, scientific and technical 

information has flowed into the negotiation processes.  

Political decision makers as well as scientists have engaged in the learning 

process of socialization. For instance, in the negotiations for the Second Sulfur Protocol, 

the political decision makers were able to learn “all the possible scenarios for emission 

reductions and their likely outcomes” from the scientists, and the scientists urged the 

negotiators to agree on a clear emission target for the protocol (Siebenhüner, 2011, p. 

104). According to Siebenhüner, this case “demonstrates the strong impact that scientists 

had on the actual decision making, which became possible through the good informal 

communication networks and the trust that negotiators had in the scientists” (2011, p. 

105).  

In an examination of how advisory scientists to the CLRTAP regime have learned 

collectively throughout the process of scientific assessment, Atsushi Ishii (2011) argues 

that the scientists similarly learned diplomacy as well as science. For instance, throughout 

the process of developing the critical loads approach and the RAINS model, advisory 

scientists “abandoned their positivistic paradigm and shifted to a more diplomacy-

oriented paradigm that would hold them accountable to country parties, which is a 

prerequisite in diplomatic settings and makes scientists adhere to the overall norm of 

usefulness in the diplomatic context” (Ishii, 2011, p. 184). 
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The process of defining the critical loads also shows how participants have 

reconciled scientific understandings with political applicability. Given the criticism of the 

flat-rate reduction protocols, Scandinavian scientists and 30 experts gathered for a 

workshop in Oslo sponsored by the Nordic Council of Ministers and adopted a scientific 

definition of critical loads for sulfur and nitrogen: “the highest load that will not cause 

chemical changes leading to long-term harmful effect on the most sensitive ecosystems” 

(Ishii, 2011, p. 177). However, the last part of this definition, “most sensitive ecosystems,” 

was changed to “significant harmful effects” and the phrase “according to present 

knowledge” was added to the final definition by a workshop held by the CLRTAP’s 

Working Group on Effects in 1988, a change that, Ishii argues, “broadened the political 

applicability and strengthened the robustness of the scientific assessments” of the critical 

loads concept (2011, p. 178). This change followed “the definition agreed upon by the 

UNECE Working Group on Nitrogen Oxides in February 1988 in a deliberation in which 

both negotiators and scientists participated” (ibid.), and Ishii points out that the 

development of the RAINS model also involved communication among a wide range of 

various stakeholders. The “interactive learning among potential users” of the RAINS 

model was one of the key guidelines for its development, and thus “the RAINS team did 

not consider learning from external actors as ‘residual,’ but rather incorporated it into the 

modeling process as an inherent component from the outset to win policymakers’ 

acceptance of the RAINS model” (Ishii, 2011, p. 181). 

In short, the first measurement of participation patterns of the participants in the 

CLRTAP activities through examining the existence of indirect political concerns and 

motivations rather than intrinsic interests in regional cooperation to solve transboundary 
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air pollution problems indicates that some countries have engaged in the learning process 

of socialization and other countries in the adaptation. The second measurement of 

participation patterns through examining the existence of enough consistent participation 

and interactive communication with delegates from other countries shows that both 

governmental officials and scientists alike have engaged in the learning process. 

Accordingly, comparing with the Northeast Asian case studies which have shown only 

the adaptation processes of socialization, it can be argued that the learning process of 

socialization among participants in the CLRTAP have contributed to its development into 

what the UNEP categorizes as the highest level regional entities with an established 

infrastructure and a policy focus. For the first measurement of participation patterns, both 

Northeast Asia and Europe seemed to have been motivated by varying political interests 

in participating in regional environmental cooperation, which showed that they have been 

engaged in the adaptation process of socialization to some extent. However, unlike 

Northeast Asia, Europe has presented consistent participation and interactive 

communication with delegates from other countries, which showed the learning process 

of socialization among European countries. In this sense, European experiences through 

the CLRTAP support Hypothesis 3: If participating countries in regional environmental 

cooperation efforts adopt learning rather than adaptation as a process of socialization, 

they are more likely to create formal and concrete collective action through regional 

cooperation.    

 

Conclusions 
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 This study makes two sets of conclusions regarding: (1) the general utility of the 

three hypotheses for explaining regional environmental governance; (2) the specifics of 

Northeast Asian cooperation, with the question of why the driving forces identified in the 

hypotheses have not been as influential there as in Europe. For the first set of conclusions, 

this study contends that shared scientific knowledge and the learning process of 

socialization are key determinants of the development of regulatory regional 

environmental regimes. It means that even given strong political leadership by a 

participating country, a region is unlikely to succeed in creating a legally binding regional 

environmental regime without development of shared scientific knowledge and 

engagement in the learning process of socialization. Table 6.2 summarizes the findings of 

four case studies including EANET, TDGM, and LTP in Northeast Asia, and CLRTAP in 

Europe.   

Table 6.2 
Summary of Findings of Case Studies 

 Independent Variables Dependent Variables 

 Leadership Knowledge  Learning 
Mode Formal Concrete Legal 

EANET Yes No No Yes Yes No 
TDGM Some No No Yes No No 
LTP Yes No No No No No 
CLRTAP Yes Yes Yes Yes Yes Yes 

Note: As indicated in Table 1.4, the “formal” degree of collective action is measured through 
examining the permanent structures of cooperative mechanisms, such as a secretariat, and the 
division of labor of their entities, such as the secretariat, governing body, and scientific advisory 
body, as well as formal financial structures shared by member countries. The “concrete” degree 
of collective action is measured through examining the existence of agreed-upon shared formats 
and guidelines for joint monitoring and modeling activities. The “legal” form of collective action 
is measured through examining the existence of legally binding agreement among participating 
countries. 
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This study argues that Europe has succeeded in reducing air pollution through 

developing better air quality management with regional regulatory regimes, whereas 

Northeast Asia has encountered increasing air pollution due to the rapid growth of energy 

consumption in China. The trends of NOx emissions in Europe and Northeast Asia 

clearly show this contrast in the state of air pollution in the region. A comparative 

analysis between cooperative efforts in Northeast Asia and Europe demonstrates that the 

Northeast Asian cooperative efforts through EANET, TDGM, and LTP have failed to 

generate broader cooperation and produce useful measurement data that could lead to the 

creation of a regional environmental regime with a solid infrastructure and a policy focus 

such as that which European cooperative efforts have achieved through CLRTAP.  

An analysis of these empirical findings indicates that all three independent 

variables are only partly associated with varying degrees of collective action as measured 

by formal features and concrete collective action in Northeast Asia.  However, political 

leadership is more associated with varying degrees of collective action in terms of formal 

and concrete collective action because none of the three cooperative mechanisms has 

developed shared knowledge and the learning process of socialization. Although the 

ROK’s dominant and significant exercise of political leadership did not explain why the 

LTP exhibited the least amount of formal and concrete collective action, the cases of 

EANET and TDGM provide strong evidence for the hypothesis that the stronger the 

leadership by a participating country in a form of regional environmental cooperation, the 

more formal and the more concrete will be the collective action developed in the region,.  

For the second set of conclusion, this study examined whether political leadership 

and shared scientific knowledge are necessary or sufficient factors for the engagement in 
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the learning process of socialization of participating countries in the first place, and 

whether the learning process of socialization can lead the region to achieve more formal 

and concrete collective action. The study’s comparison of the varying degrees of 

collective action in Northeast Asia and Europe and among the three studied Northeast 

Asian environmental cooperative mechanisms focusing on these two questions discovers 

two useful insights.  

First, the analysis supports the hypothesis on social mechanisms among political 

leadership, shared knowledge, and socialization, which asserts that the stronger the 

political leadership and the greater the shared knowledge in the region, the more likely 

participants in regional cooperation are to engage in the learning process of socialization 

and thereby create the most formal and concrete collective action. The study finds that 

strong political leadership is not itself sufficient to lead member countries to engage in 

the learning process of socialization and that a lack of shared scientific knowledge is 

positively associated with the adaptation process of socialization among participants in 

the cooperative activities of these three regional mechanisms.  

Another insight is that the combination of lack of shared knowledge and the 

learning mode of socialization helps explain why all three regional cooperative 

mechanisms have failed to advance to become the legally binding regional environmental 

regimes rather than the comparatively higher degrees of collective action in terms of 

formalization and concreteness among regional entities within the UNEP’s second 

category of regional action. This study argues that knowledge and socialization barriers 

are key determinants of the development of regulatory regional environmental regimes. 

Without shared scientific knowledge and engagement in the learning process of 
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socialization, even given strong political leadership by a participating country, it is not 

likely for a region to develop a legally binding regional environmental regime. Strong 

political leadership exercised by a participating country itself did not explain the different 

extents of collective action between Northeast Asia and Europe because the three 

Northeast Asian cases have had strong political leadership by initiator countries, as has 

the CLRTAP. 

Based on these findings, this study suggests that if their regional environmental 

cooperative mechanisms are to advance to the next stage of development, Northeast 

Asian countries must build sound infrastructures to ensure consistent participation of the 

same delegates of member countries to international meetings to increase the chance that 

the learning process of socialization will take place, enhancing international cooperation 

and resulting in more fundamental behavioral changes by states in the region. 

Additionally, this infrastructure should also reinforce greater interactive communication 

between the two groups of delegates, political negotiators and scientists, participating in 

international meetings by achieving more consistent participation in international 

meetings. The significance of consistent participation by delegates to the CLRTAP and 

particularly the EMEP is a key lesson that Northeast Asian countries can take from the 

European case, as the consistent attendance of European delegates has created personal 

relationships among delegates that seem to have contributed to their developing common 

understanding on scientific issues and reaching agreements on specific budgetary issues.  

The examination of institutional linkages has proven that the governance and 

actor linkages between CLRTAP and EU air policy have contributed to strengthening 

their regulatory policies in Europe (Selin & VanDeveer, 2011). Thereby it can be 
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suggested that Northeast Asian cooperative mechanisms need to develop strategies for 

creating synergistic effects among their existing overlapping research projects. While the 

EMEP focuses on three activities, including collection of emission data, measurements of 

air quality and modeling of atmospheric transport, and deposition of air pollutants, the 

EANET focuses only on measurements of acid deposition and the LTP on measurements 

and modeling of the source-and-receptor relationships of SO2 and NOx emissions, which 

may explain why these two Northeast Asian cooperative mechanisms have lacked the 

driving force necessary for moving beyond their current research activities. According to 

Haas and Stevens,  

studies of international environmental assessments and science panels suggest the 
need for fluid bodies that can bring together multiple sources of information and 
are not beholden to one single funder or political sponsor. . . . Studies of national-
level environmental policy processes have convincingly argued against relying on 
individual institutions for research and policy advice because they may bias the 
information flow and control resources (2011, p. 129).  
 
In the CLRTAP, no single source of policy advice dictates the production of 

knowledge; instead, “the European Monitoring and Evaluation Programme (EMEP), the 

working groups, and the Network on Air Pollution and Health (AIRNET) all serve to 

identify research questions and guide science with some degree of autonomy from the 

policy process” (ibid., pp. 129-130). This suggests another lesson for Northeast Asia: 

EANET and LTP are not necessarily competitive with each other. The two should be 

combined into a single organization like EMEP with possessing autonomy from the 

policy process through serving to identify research agendas.  

In addition to the strategies of combining existing cooperative efforts into a more 

efficient entity of regional cooperation, Northeast Asia needs to address concerns about 

the flow of biased information both within a country and with other countries. Chinese 
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participants in the International Experts Workshop on International Framework and Co-

benefits Approach to Promote Air Pollution Control in East Asia, held in January 2011 in 

Japan, argued that studies by international bodies demonstrating the urgency and 

necessity of international cooperation would be most effective in persuading the Chinese 

government to participate in regional environmental cooperation, while scientists from 

other countries argued that more active advocacy for regional cooperation by Chinese 

scientists would be necessary because the Chinese government tends to be suspicious of 

scientific research conducted by scientists from other countries. This kind of ping pong-

style discussion can be counter-productive and suggests that rather than blaming one 

another for the lack of development of shared scientific knowledge, regional scientists 

need to collaborate more efficiently and effectively to produce research outputs. 

In addition to these horizontal institutional linkages, vertical institutional linkages 

also need to be developed in Northeast Asia. Two key comprehensive cooperative 

mechanisms mentioned in chapter 2, the Tripartite Environment Ministers Meeting 

among the ROK, China, and Japan (TEMM) and the North-East Asia Sub-regional 

Program for Environmental Cooperation (NEASPEC), should develop clear objectives 

and strategies for implantation of issue-specific cooperative projects to reduce duplication 

of research projects in different organizations and to create synergistic effects among 

various cooperative mechanisms.  

A delegate to the Korean government stated in an interview that money does not 

matter at this point for regional environmental cooperation as both the Japanese and 

Korean governments have shown their willingness to become key financial resource 

countries through EANET and LTP, respectively. What seems to matter most for 



 
  

310 
 

environmental cooperation in Northeast Asia is to share the leadership among 

participating countries, relaxing the ownership for the cooperative mechanisms that 

countries initiated and to support each other among participating countries. In doing so, it 

is necessary for Northeast Asian countries to develop shared scientific knowledge among 

participating researchers in cooperative programs, and to create bureaucratic supports for 

the learning process of socialization among policy makers and scientists both within each 

country and with other countries.    
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APPENDIX I 

LIST OF INTERVIEWS 

Country Name Interview 
Date Affiliation 

Japan 

Nobuhiro Kino 05/10/2010 Ministry of Environment 

Katsunori Suzuki 4/23/2010 Kanazawa University 

Shohei Yonemoto 3/1/2010 Tokyo University 

Hajime Akimoto 6/1/2010 ADORC 

Norichika Kanie 8/27/2010 Tokyo Institute of Technology 

Shunji Matsuoka 10/5/2010 Waseda University 

Alice Kim 10/6/2010 Waseda University 

Mark Elder 10/6/2010 Institute for Global Environmental 
Strategies (IGES) 

Xiaofeng Zhou 10/6/2010 IGES 

Asami Miyazaki 10/4/2010 Osaka University 

Atsushi Ishii 10/17/2010 Tohoku University 

Atsushi Shimizu 12/17/2010 National Institute for Environmental 
Studies (NIES) 

Nobuo Sugimoto 12/17/2010 NIES 

Ken Yamashita 2/8/2011 Asia Center for Air Pollution 
Research (ACAP) 

Hajime Akimoto 2/8/2011 ACAP 

Keiichi Sato 2/8/2011 ACAP 

Tsuyoshi Ohizumi 2/8/2011 ACAP 

Toshimasa Ohara 3/8/2011 NIES 

Masataka 
Nishikawa 3/8/2011 NIES 
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China 

ZHOU Jun 11/23/2010 Policy Research Center for 
Environment and Economy 

He Youjiang 11/23/2010 Chinese Research Academy of 
Environmental Sciences 

XIE Shuyan 11/23/2010 China National Environment 
Monitoring Center 

Haibin ZHANG 01/18/2011 Peking University 

Republic of 
Korea 

LimSeok Jang 8/17/2009, 
12/23/2010 

National Institute of Environmental 
Research (NIER) 

Chu Jang Min 12/30/2009, 
12/29/2010 Korea Environment Institute 

Il-Soo Park 3/29/2010 Hankuk University of Foreign 
Studies 

Jinseok Han 3/31/2010 NIER 

Seog-Yeon Cho 10/29/2009, 
11/22/2010 Inha University 

Su-Hee Hwang 11/22/2010 Ministry of Environment (MOEK) 

Chang-Keun Song 8/17/2009 NIER 

Yong-Seung 
Chung 12/24/2010 KCAER 

Sang-Joon Lee 12/23/2010 MOEK 

Kyu Il Park 12/23/2010 MOEK 

Dong Young Kim 12/28/2010 Korea Development Institute 

Suh-Yong Chung 12/28/2010 Korea University 

Sangwoo Park 12/29/2010 Ministry of Foreign Affairs and 
Trade 

Indonesia Agus Harya 
SETYAKI 11/23/2010 Ministry of Environment 

Malaysia Wan Izar Haizan 
Wan Rosely 11/22/2010 Ministry of Natural Resources and 

Environment 

Switzerland Krzysztof 
Olendrzynski 11/23/2010 UNECE 
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APPENDIX II 

LIST OF DELEGATES TO THE INTERGOVERNMENTAL MEETING OF EANET 2001-2010 

  IG3 2001, 
Thailand 

IG4 2002,   
Thailand 

IG5 2003, 
Thailand  

IG6 2004, 
Cambodia 

IG7 2005,  
Japan  

IG8 2006, 
Vietnam 

IG9  2007, 
Lao PDR 

IG10 2008, 
Thailand 

IG11 2009, 
Thailand  

IG12 2010, 
Japan 

Cambodia 

  Chea Sina / 
MOE  

Heng 
Nareth / 
MOE 

Hang Dara 
/ MOE 

Khong 
Samnuon 
/ MOE 

Hang Dara 
/ MOE   

Ngoun 
Kong / 
MOE 

same 
Khieu 
Muth / 
MOE 

    
Chrin 
Sokha 
/ MOE 

same 
Heng 
Nareth 
/ MOE 

  
Thiv 
Sophearith 
/ MOE 

Ken 
Choviran / 
MOE 

same 2009 Lonh Heal / 
MOE 

        
Long 
Rithirak/ 
MOE 

same same     
Ken 
Choviran / 
MOE 

China 

Li Xue / 
MOE / MOE   

Tang 
Dingding 
/ MOE 

Wang 
Ruibin / 
CNEMC 

same 
Tang 
Dingding / 
MOE 

same 2004, 
2005 same Lin Jun / 

MOE 

Zhu 
Jianping / 
MOE 

Guo Jing / 
MOE same Fang Li 

/ MOE same same 
Xia 
Yingxian 
/ MOE 

same       

        Dong Yao 
/ MOE 

Zhou 
Guomei 
/ MOE 

Xia 
Yingxian / 
MOE 

Liu 
Shusheng / 
MOE 

same 2005 
He 
Youjiang / 
CRAES 

          
Zheng 
Haohao 
/ CNEMC 

Gu Li / 
MOE same   Xie Shuyan 

/ CNEMC 

            Zhou Jun / 
MOE same same Same 
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Indonesia  

Sri Kaloka 
Prabotosari / 
National 
Institute of 
Aeronauties 
and Space 
(LAPAN) 

Gunardi / 
MOE 

Liana 
Bratasida 
/ MOE 

0 
Sulisty-
owati / 
MOE 

Halimah 
Syafrul/ 
MOE 

same same 
Nixson F. 
Silalahi / 
MOE 

Agus 
Harya 
Setyaki / 
MOE 

Sigit Sadiono 
/ Indoneshian 
Embassy 

  

Tjang 
Mushadji 
Sutami-
hardja / 
Professor   

  

Kusmu-
lyani 
Sugiarto 
/ MOE 

same same 2003 same 2005-
2006 same   

Ina Binari 
Pranoto / 
MOE  

            
Ratnasari 
Anwar / 
MOE 

    

Japan 

Hideki 
Okumura 
/ Embassy of 
Japan, 
Thailand 

Kenichi 
Kamae / 
Embassy of 
Japan 

Shinichi 
Arai 
/ MOE 

same 

Yuriko 
Koike and 
8 officials 
/ MOE 

Hiroyasu 
Tokuda 
/ MOE 

Yasuhiro 
Shimizu / 
MOE 

Satoshi 
Tanaka / 
MOE 

Toshiro 
Segawa / 
MOE 

Shintaro 
Fujii / 
MOE 

Hajime 
Endo/ MOE 

Tokuya 
Wada/ 
MOE 

same 
Keiko 
Segawa 
/ MOE 

same 
Reiko 
Sodeno /  
MOE 

same same 
Nobuhiro 
Kino / 
MOE 

Tetsunori 
Hatta with 
8 more / 
MOE 

Chieko 
Tatsumi / 
MOFA 

same 
Yoshiko 
Endo 
/ MOFA 

Taira 
Iwasaki 
/ MOFA 

Takaaki 
Kato/ 
MOFA 

same 
Toshihisa 
Kato / 
MOFA 

same same Same 

            Norichika 
Kanie / TIT same same Same 

            

Yukari 
Takamura, 
Ryukoku 
University 

same   Same 
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Lao PDR 

0 0 

Mone-
many 
Nhoybou-
akong 
/ MOE 

same same 

Phakka-
vanh 
Phissamay 
/ MOE 

same 2003 
Bounthanh 
Bounvilay / 
MOE 

Setouvanh 
Phantha-
vongsa / 
MOE 

Same 

    

Sisoup-
hanh 
Luangrath 
/ MOE 

same same same same 
Darounny 
Vilaythong 
/ MOE 

same 2003-
2007 same 2008 

        

Sakhone 
Chaleu-
nvong 
/ MOE 

          

Malaysia 

Letchumanan 
Al Ramatha / 
MOE 

      

Muhamad 
Bin 
Awang / 
Professor  

Lian Kok 
Fei/ MOE 

Che Kodir 
Baharum / 
MOE 

Danial Lee 
Abdullah / 
MOE 

Engku 
Mustaffa / 
MOE 

Wan 
Rosely / 
MOE 

Chow Peng 
Leong 
 / Meteorolo-
gical Service 

same same same same   

Maznorizan 
Mohamad / 
Malaysian 
Meteorolo-
gical 
Department 

Siniarovina 
Urban / 
Malaysian 
Meteorolo-
gical 
Department  

Olivia Chin 
Su Fung / 
Attorney 
General's 
Chambers 

Nik 
Myhamad 
Majid / 
University 
Putra 
Malaysia  

Che Asmah 
Ibrahim 
/ Dep. of 
Environment 

      

Wong 
Fook Lian 
 / Dep. of 
Chemistry 

same         
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Mongolia 

Zamba 
Batjargal / 
Ambassador  

Enebish 
Dugerjav 
/ MOE  
Ministry of 
Nature and 
Environme
nt 

Enkhtuv-
shin 
Gombo-
suren 
/ MOE 

Erdenebul-
gan Davaa 
/ MOE 

Erdene-
baatar 
Enkhmen
d 
/ MOE 

Enkhtuv-
shin Sevjid 
 / 
NAMHEM 

same 

Tseesodrol-
tsoo 
Dashdorj / 
NAMHEM 

Bayarsaik-
han 
Purevjav / 
NAMHEM 

Uranchi-
meg 
Ochirbat / 
MOE 

Lamjav 
Batnyam/ 
NAMHEM 

Bulgan 
Tumen-
demberel / 
Central 
Laboratory 
of Environ-
mental 
Monitoring 

Batbayar 
Tsemeen-
myadar 
/Ministry 
of Nature 
and 
Environ-
ment 

Dugarsuren 
Enkhtuul /  
MOE 

  

Erdenebat 
Eldev-
Ochir/ 
NAMHEM 

same same same Same 

Myanmar 

          

Maung 
Maung 
Tun / 
MOT 

Tin Ngwe / 
MOT 

Sein Maw 
Oo / MOT 

Tin Hla / 
MOT Same 

          
Kyaw Moe 
Oo 
 / MOT 

Tun Thein / 
MOT   Htwe Htwe 

Win / MOT Same 

Philippines 

Erlinda A. 
Gonzalez/ 
MOE 

Pio 
Lofamia 
Tejada 
/ MOFA 

Fernan-
dino Y. 
Concep-
cion 
/ MOE 

  

Alan 
Benito de 
Gala/ 
MOE 

Samuel R. 
Penafiel 
/ MOE 

Julian D. 
Amador / 
MOE 

Letecia R. 
Maceda / 
MOE 

same 2007 Same 

Ella S. 
Deocadiz/ 
MOE 

same 

Adrian 
B.C. 
Candolada
/ 
Embassy  

Regina 
Perol/ 
Embassay 

Corazon 
C. Davis 
/MOE 

  
Cesar 
Siador, Jr. / 
MOE 

Jean N. 
Rosete / 
MOE 

same Same 

                  

Demetrio 
L. 
Iganacio, 
JR / MOE 
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ROK  

Seog-Yeon 
Cho / 
Professor 

same same same same 
Yeonsoon 
Ahn / 
MOE 

Park 
Kwang-Suk 
/ MOE 

Lee Seung 
Han / MOE 

same 2001-
2005 Same 

Jin-Seok Han 
/ NIER same same same 

Park Ju 
Young / 
MOFA  

Jin-Seok 
Han / 
NIER 

Park Jeong-
Su / MOE 

Kang Seuk 
Woo / 
MOE 

Kim Jeong-
Soo / NIER 

Chang 
Lim-Seok / 
NIER 

Se Chang 
Ahn/ MOE 

Soo Yun 
Ma/MOE 

Lee Suk-
Jo /NIER 

Lee Jae-
Hyun/MOE 

Kim 
Kyung-
Sik 
/MOE 

Beom-Sik 
Yoo/MOE   Oh Heum 

Jin / MOE   same 2004 

    
Yang Jae-
Moon 
/MOE 

same same     
Ahn Joon 
Young / 
NIER 

  
Hwang 
Suhee / 
MOE 

Russia 

Valery V. 
Chelukanov 
/ RFSHEM  

Dzhumshid 
Dzhangirov 
/  
Environ-
ment 
Pollution 
Monitoring 
Department 

same 
2001 same same 

Marina 
Kotlya-
kova / 
RFSHEM 

same 2001, 
2003-2005 same same 

Yuri 
Peshkov / 
RFSHEM 

Serguei A. 
Gromov 
/Institute of 
Global 
Climate and 
Ecology 

Veronika 
Ginzburg / 
RFSHEM  

same same same same same 2001  same same Same 

Tamara V. 
Khodjer / 
research 
institute  

                  

Thailand 

Suvit 
Yodmani/Asi
an Disaster 
Preparedness 
Center 

  

Mingquan 
Wichayar
angsaridh/
MOE 

same 

Monthip 
Sriratana 
Tabuca-
non/MOE 

Mingquan 
Wichaya-
rangsa 

Phunsak 
Thera-
mongkol / 
MOE 

Nisakorn 
Kositratna / 
MOE 

same 2007   
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Sirithan 
Pairoj-
boriboon / 
MOE 

      
Pichaid 
Atipakya/ 
MOE 

Unnop 
Buranasate
/ MOFA 

Chatri 
Archjana-
nun / 
MOFA 

Wijarn 
Simachaya 
/ MOE 

same 
Pornsook 
Chongpra-
sith / MOE 

Supat 
Wangwongw
atana /MOE 

same same same same same Same same same Same 

        
Seksan 
Sangdow 
/ MOE 

    

Chavanart 
Thang-
sumphant / 
MOFA 

Alisa 
Chobisara / 
MOFA 

  

                
Pichaid 
Atipakya/ 
MOE  

Same 

Vietnam 

Vu Van Tuan 
/Hydromete-
orological 
Service 

Nguyen 
Van Tue/ 
Hydrome-
teorological 
Service 

Vu Van 
Tuan 
Deputy / 
Hydrome-
teorolo-
gical 
Service 

same 
Duong 
Hong Son 
/ MOE 

Tran Thuc 
General / 
MOE 

Ngo Thi 
Hang / 
National 
Institute of 
Meteroloy
Hydrology 
and 
Environ-
ment 

Dinh Thai 
Hung / 
National 
Institute of 
Meterology
Hydrology 
and 
Environ-
ment 

  same 2006 

Hang Thu 
Pham 
/Hydrome-
teorological 
Service  

Hoang 
Manh Hoa 
/ Hydrome-
teorological 
Service 

Tran Van 
Sap/Hy-
dromete-
orological 
Service 

Le Nguyen 
Tuong/ 
MOE 

Be Thi 
Nguyen 
/ MOE 

Nguyen 
Khac Hieu 
/ MOE 

  same 2003   

Duong 
Hong Son 
/ MOE 
(same 
2005) 

          
Nguyen Le 
Tam 
/ MOE 

    same 2006   

          
Duong 
Hong Son 
/MOE 

Same   same 2006-
2007   

UNEP/ 
ROAP 

            Ahn Moon-
Soo   Wanhua 

Yang 
Young-
Woo Park 

            Manjit 
Iqbal       
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UNECE             Keith Bull same Catherine 
S. Masson 

Krzysztof 
Olendrzyn-
ski 

UN ESCAP               Sangmin 
Nam     

UNEP head-
quarters                 M.Iynga-

rarasan Same 

ScandEnvi-
ronment                 Lars 

Nordberg   

Note: China National Environmental Monitoring Center (CNEMC); For Lao PDR, MOE is Science 
Technology and Environment Agency; For Malaysia, MOE is Ministry of Science, Technology and the 
Environment; For Mongolia, MOE is Ministry of Nature and Environment; NAMHEM: National Agency 
for Meteorology, Hydrology and Environment Monitoring of Mongolia; MOT: Ministry of Transport; 
HMS: Hydrometeorological Service; RFSHEM: Russian Federal Service for Hydrometeorology and 
Environmental Monitoring, a service in the Ministry of Natural Resources and Environment; For 
Thailand, MOE is Ministry of Science, Technology and Environment; UNEP/ROAP: UNEP Regional 
Office For Asia and the Pacific 
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APPENDIX III 

LIST OF PARTICIPANTS OF TDGM MEETINGS 

 2008 2009 2010 2011 2013 

 
Steering 

Committee WG II WG I WG I WG I WG I Steering 
Committee WG I 

China 

Yingxian Xia / 
MEP 

Fahe Chai / 
CRAES 

Ruibin Wang / 
CNEMC 

Ruibin Wang / 
CNEMC 

Xiaochun Zhang 
(CMA) 

Jianjun Li / 
CNEMC 

Xuefeng Sun / 
MEP 

Benfeng Pan / 
CNEMC 

Yanchao Tong 
/ CNEMC 

Yunjiang Yu / 
CRAES 

Yanchao Tong / 
CNEMC 

Haohao Zheng / 
CNEMC 

Haohao Zheng / 
CNEMC 

Dandan Cui / 
MEP 

Yao Dong / 
MEP 

Wei Wang / 
CNEMC 

Qingxin Zhang 
/ Liaoning 

Environment 
Monitoring 

Centre 

Wei Wang / 
CRAES 

Qingxin Zhang / 
Liaoning 

Environmental 
Monitoring 

Center 

Feng Shi / 
CNEMC 

Feng Shi / 
CNEMC 

Deqian Fu / 
CNEMC Jun Lin / MEP  

 
Shihai Lv / 

CRAES  

Xiaochun Zhang 
/ China 

Meteorological 
Administration 

(CMA) 

 
Xiaochun 

Zhang (CMA) Jun Yu / MEP  

      
Shihai Lv / 

CRAES  

     
Wei Wang / 

CNEMC 
Wei Wang / 

CNEMC  

      

Xia Li / China-
ASEAN 

Environmental 
Cooperation 

Center 

 

Japan 

Satoshi Tanaka 
/ MOEJ 

Ken 
Yoshikawa / 

Okayama 
University 

Masataka 
Nishikawa / 

NIES 

Masataka 
Nishikawa / 

NIES 

Masataka 
Nishikawa / 

NIES 

Masataka 
Nishikawa / 

NIES 

Hana Otsuka / 
MOEJ  

Masataka 
Nishikawa / 

NIES 

Toshiya Okuro 
/ University of 

Tokyo 

Nobuo Sugimoto 
/ NIES 

Nobuo Sugimoto 
/ NIES 

Nobuo Sugimoto 
/ NIES 

Nobuo 
Sugimoto / 

NIES 

 
Hidemasa 

Yamamoto / 

Hidemasa 
Yamamoto / 

MOEJ 
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MOEJ 

Ken 
Yoshikawa / 

Okayama 
University 

Norikazu 
Yamanaka / 

Tottori 
Univeristy 

Itsushi Uno / 
Kyusyu 

University 

Shintaro Fujii / 
MOE 

Shintaro Fujii / 
MOE 

Hitoshi 
Yoshizaki / 

MOEJ 

Hitoshi 
Yoshizaki / 

MOEJ 

Hitoshi 
Yoshizaki / 

MOEJ 

  

Takashi Maki / 
Japan 

Meteorological 
Agency 

Takashi Maki / 
Japan 

Meteorological 
Agency (JESC) 

Takashi Maki / 
Japan 

Meteorological 
Agency 

Takashi Maki / 
Meterological 

Research 
Institute 

Masataka 
Nishikawa / 

NIES 

Masataka 
Nishikawa / 

NIES 

  

Masao Mikami / 
Meteorological 

Research 
Institute  

Katsuyuki 
Takahashi / 

Japan 
Environmental 

Sanitation Center 
(JESC)  

  

Toshiya Okuro / 
University of 

Tokyo 

Nobuo 
Sugimoto / 

NIES 

   

Masakazu 
Kusakabe 

(JESC)    

Takashi Maki / 
Japan 

Meteorological 
Agency 

   

Aya Horiuchi / 
Overseas 

Environmental 
Cooperation 

Center 

   

Itsushi Uno / 
Kyusyu 

University 

       

Masao Mikami / 
Meteorological 

Research 
Institute 

       

Ken Yoshikawa 
/ Okayama 
University 
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Yukari Hara / 
Kyusyu 

University 

ROK 

Youngjin Kim / 
MOEK 

Byung-Ho Yoo 
/ NIER 

Seungbum Kim / 
KMA 

Youngsin Chun 
/KMA 

Youngsin Chun 
/KMA 

Sumin Kim / 
NIMR 

Sanghoon Kim / 
MOEK 

Sumin Kim / 
NIMR 

Yong-Ho Jeong 
/ Korea Forest 

Research 
Institute 

Yong-Ho Jeong 
/ Korea Forest 

Research 
Institute 

Jeong-Soo Kim / 
NIER 

Seungbum Kim / 
KMA 

Seungbum Kim / 
KMA 

Eun-Hee Lee / 
NIMR 

Bongwoo Shin / 
MOEK 

Bongwoo Shin / 
MOEK 

Seungbum Kim 
(KMA) 

Jang-Min Chu / 
Korea 

Environment 
Institute 

Hee-Jin In / 
KMA 

Sumin Kim / 
KMA 

Sumin Kim / 
KMA 

Youngsin Chun 
/ National 
Institute of 

Meteorological 
Research 
(NIMR) 

Youngsin Chun / 
NIMR 

Youngsin Chun 
/ (NIMR 

 

Ji-Youn Im 
(Korea Forest 

Service) 

Mee-Hye Lee / 
Korea University 

Mee-Hye Lee / 
Korea University 

Mee-Hye Lee / 
Korea 

University  
Young-San Park 

/ NIMR 
Jong-Chul Ha / 

NIMR 

 

Chang-Seok 
Lee / Seoul 
Women's 

University 
 

Soo Yeon Park 
/KMA 

Soo Yeon Park 
/KMA  

Jaebok Lee / 
NIMR 

Sang-Sam Lee / 
NIMR 

   
Eun-Hee Lee / 

KMA 
Eun-Hee Lee / 

KMA  

Kyong ha Kim / 
Korea Forest 

Research 
Institute 

 

   13 participants131    
Yowhan Son / 

Korea University 

Yowhan Son / 
Korea 

University 

      

Suh-Yong 
Chung / Korea 

University 

Hye Jun Shin / 
NIMR 

                                                           
131 They are from KMA, Center for Atmospheric and Environmental Modeling, Korea, Korea University, Pusan National University, Environment Energy 
Engineering. 
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Mongolia 

   

Jugder Dulam / 
National Agency 
for Meteorology 
and Environment 

Monitoring 

Jugder Dulam / 
National Agency 
for Meteorology 

and 
Environment 
Monitoring 

  

Munkhtsetseg 
Erdenebayar / 

National 
University of 

Mongolia 

   

Munkhtsetseg 
Erdenebayar / 

National Agency 
for Meteorology 
and Environment 

Monitoring 
(NAMEM) & 4 
researchers from 

NAMEM 

Munkhtsetseg 
Erdenebayar / 

NAMEM    

   

Munkhtsetseg 
Tungalag / 
Omnogobi 
Province 
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APPENDIX IV 
HISTORICAL EMISSIONS AND STATUS OF SIGNATURE AND RATIFICATION 

 

Note:Adapted from “The Oslo Protocol on Sulfur Reduction: the Great Leap Forward?” Journal 
of Public Economics, by Finus & Tjøtta, 2003, p. 2035. Emissions (columns 2–4) are expressed 
in 1,000 tons SO2 / year. Reductions (columns 5–6) are expressed as percentage reduction with 
respect to 1980 annual emissions. Parentheses means that a country is a signatory but has not 
ratified the agreement yet; reverse parentheses indicate that a country was a non-signatory but 
succeeded later. Ge=1979 Geneva Framework Convention; H=1985 Helsinki Protocol; O=1994 
Oslo Protocol; and Go=1999 Gothenburg Protocol. “Other countries” includes Africa, Albania, 
Bosnia, Cyprus, Georgia, Iceland, Kazakhstan, Liechtenstein, and the FYR Macedonia. Natural 
sources include the Baltic Sea, the Mediterranean Sea, the North Sea, the remaining N.E. 
Atlantic, Natural Oceanic, and Volcanic. It is notable that even the non-signatories such as 
Ireland and Spain had reduced their annual sulfur emissions by more than 30% by 1985.  
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APPENDIX V 
CONTRIBUTIONS FOR THE FINANCING OF THE EMEP PROGRAMME 

BETWEEN 1988 AND 1998 

 
Note: UNESC, 1999, p. 5. 
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APPENDIX VI 

PARTICIPANTS IN THE ANNUAL MEETINGS OF EMEP STEERING BODY 2008-
2011 

 

  2008  2009 2010 2011 

Armenia  A. Turlikyan Same Same  Same 

Austria 
M. Ritter Same Same C. Nagl    

J. Schneider        

Azerbaijan R. Guliyev  Same 0 Same 

Belarus A. Pilipchuk  Same Same Same 

Belgium M.-R. V. D. Hende  Same Same 0 

Bosnia and 
Herzegovina  0 0 R. Radic   0 

Bulgaria I. Angelov   0 0 0 

Canada  P. Blanchard   0 C. Banic   0 

Croatia  S. Vidic  Same Same Same 

Cyprus S. K.   Same Same Same 

Czech 
Republic 

 J. Macoun   Same Same Same 

J. Santroch       

Denmark 

T. Ellermann  Same Same Same 

C.L. Fogh   Same   

O. K. Nielsen        

Estonia 0  T. 
Pauklin   0 0 

Finland H. Hakola  0 Y. Viisanen   Same 

France J. P. Chang        
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L. Rouil   Same Same Same 

Georgia M. Tushishvili   0 0 0 

Germany 
 E. Bieber   Same Same Same 

M. W. Fiebig        

Greece A. Papastamou   0 Same 0 

Hungary P. Z. Ferenczi   Same 0 Same 

Italy 
S. Doytchinov   Same   0 

  N. 
Pirrone   Same   

Kyrgyzstan 0 0 0 A. Syrgakova    

Montenegro 
0 0 P. 

Djuraskovic   0 

  Nicola 
Pirrone   Same   

Netherlands 

P. Ruyssenaars  Same Same Same 

  R. Maas   Same Same 

      J.-P. Hettelingh  

Norway 

T. Johannessen   Same Same Same 

  V. 
Vestreng     B. Kvaeven 

      B.L.S. Monsen   

Poland G. Mitosek   A. 
Degorska   Same G. Mitosek   

Portugal 0 0 P. Torres   0 

Republic of 
Moldova V. Balan  0 0 V. Balan   

Serbia D. Djordjevic   Same Same Same 

Slovakia M. Mitosinkova   Same Same Same 
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Slovenia M. Logar   Same Same Same 

Spain 
A. G. Ortiz   Same Same Same 

X. Querol   Same Same Same 

Sweden 
P. Grennfelt  Same Same Same 

K. Kindbom     M. 
Ullerstam    

Switzerland 

R. Ballaman         

R. Gehrig   Same Same Same 

R. Weber   Same Same Same 

The former 
Yugoslav 

Republic of 
Macedonia 

0 0 A. 
Stefanovska   Same 

Ukraine L. Kozak   Same Same Same 

United 
Kingdom 

P. Cassanelli   C. Dore   Same Same 

    P. Coleman   Same 

      H. Harmens  

USA  R. Dennis   T. 
Keating   Same Same 

      S. 
Anenberg     

Note: UNECE, 2008; 2008; 2010; 2011. “Same” denotes same participants to previous 
years, and “0” denotes no delegations. 
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