
EANET/SAC 20/11/2 
Page 1 

The Twentieth Session of the Scientific Advisory Committee 
on the Acid Deposition Monitoring Network in East Asia 
23-24 September 2020, Virtual Meeting

Progress of catchment studies in the EANET countries 

Network Center for the EANET 

I. Introduction
1. Water soluble substances derived from atmospheric (wet and dry) deposition, including acidic

substances and related ion constituents, are flowed/cycled with hydrological and biogeochemical

processes in terrestrial ecosystems, and part of them are finally flowed into rivers and streams.

As the output, the river water chemistry may have reflected the atmospheric input and reactions

in the ecosystems. Therefore, the observational method utilizing a catchment/watershed as the

unit area for the budget analysis has been widely used in the United States and Europe1, for

integrated assessment of effects of atmospheric deposition on ecosystems.

2. In the EANET, the idea on catchment analysis had already been described in the technical

documents, such as “Guidelines for Acid Deposition Monitoring in East Asia” and “Technical

Manual for Soil and Vegetation Monitoring in East Asia”, when the regular-phase activities of

EANET started in 2001, although detailed methodologies had not been established for the

EANET. Therefore, the Scientific Advisory Committee (SAC) and its Task Force on Soil and

Vegetation Monitoring (TFSV) recommended to promote catchment analysis and develop the

monitoring methods for the EANET in the strategy papers2, which were drafted by TFSV and

adopted by SAC.

3. Asia Center for Air Pollution Research (ACAP) as the Network Center for EANET (NC) has

been promoting catchment analysis in cooperation with SAC and TFSV, according to

recommendations in the strategy papers. In this report, the recent progress of catchment analysis

in the EANET is overviewed with major outputs, such as scientific papers.

II. Major outputs and progress of the projects

1 Such as, the Hubbard Brook Experimental Forest (USDA Forest Service) and the network for ICP 
Integrated Monitoring under CLRTAP since 1960s and 1990s, respectively. In particular, the former is 
famous for the first observational evidence of acid deposition effects on forest ecosystems in the United 
States. 
2 The current version is “Strategy Paper for Future Direction of EANET on Monitoring of Effects on 
Agricultural Crops, Forest and Inland Water by Acidifying Species and Related Chemical Substances”, 
which was adopted at the 14th Session of SAC.  
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A) Catchment analysis in Japan

4. Lake Ijira catchment site (IJR: Fig. 1) in Gifu Prefecture was registered as the first EANET site

for the regular catchment-scale monitoring in 2010. At IJR, the data on atmospheric deposition,

soil chemistry, forest growth, and inland waters from the lake and rivers have been collected since

the late 1980s as the national monitoring activities of Japan. After the intensive surveys in 2005-

2007, the regular catchment-scale monitoring has started in 2008. The data since 2007/2008 have

been submitted to the EANET when IJR was registered as the EANET site in 2010.

5. Acid Deposition and Oxidant Research Center (ADORC, the former name of ACAP) established

a small catchment plot, Kajikawa site (KJK: Fig. 1), in Niigata Prefecture in 2002, in order to

develop methods for catchment-scale monitoring and to assess effects of transboundary air

pollution on forest area. The catchment project at KJK has been closely cooperating with the

catchment-scale monitoring at IJR, other national monitoring activities in Japan, and research

projects using external research grants, which has been supported by the land owner, local

residents, Niigata Prefecture, Ministry of the Environment, Japan (MOEJ), Niigata University,

and other Japanese scientists including SAC members and TFSV members. Moreover, the project

at KJK has been functioning as the base for international joint research projects with the EANET

countries, such as Thailand and Malaysia.

Fig. 1 Locaton of Lake Ijira catchment site and Kajikawa site 

Kajikawa site (KJK) 

Niigata 

Sea of Japan 

Pacific Ocean 
Nagoya 

Lake Ijira 
catchment site 
(IJR) 

- 709 -



Pag e 3 
 

NO3
– concentrations in the river water is continuously increasing, 

 
 
 
 

6. The recent scientific outputs using the observational data at IJR and KJK are as follows: 

 It was suggested that rainwaters collected at IJR in the Pacific side had also been influenced by 

transboundary air pollution, based on the sulfur isotopic analysis of rainwater samples in Japanese 

monitoring sites including IJR and KJK (cooperated with the national monitoring activities in 

Japan and the Grant-in-Aid for Scientific Research in Kanazawa University): Table 1 

Inomata Y et al. 2019. Science of the Total Environment 691, 779-788. (IF: 6.551) 
 
 
 It was suggested that IJR has been recovering from acidification/nitrogen saturation with decline 

of atmospheric deposition. On the other hand, it was also suggested that most of sulfur derived 

from atmospheric deposition were accumulated within the catchment based on the sulfur isotopic 

analysis (cooperated with the national monitoring activities in Japan): Fig. 2 

Sase H et al. 2019. Biogeochemistry 142, 357-374. (IF: 4.161) 
 
 
 It was clarified that the export flux of unprocessed atmospheric nitrate relative to the deposition 

flux in each forest ecosystem would be applicable as an index for nitrogen saturation based on 

the isotopic analysis of 17O excess (Δ17O). The estimated annual export flux of unprocessed 

atmospheric nitrate accounted for 9.4% ± 2.6% and 6.5% ± 1.8% at KJK and IJR, respectively 

(cooperated with the national monitoring activities in Japan and the Grant-in-Aid for Scientific 

Research in Nagoya University): Fig. 3 

Nakagawa F et al. 2018. Biogeosciences 15, 7025-7042. (IF: 3.480) 
 
 
 At KJK, it is suggested that the river water chemistry has been recovering from acidification with 

decline of atmospheric sulfur deposition. However, since ecosystem responses are slower than 

changes in atmospheric environment, the sulfur output exceeded the input recently, which may 

delay the recovery. Moreover, 

suggesting progress of nitrogen saturation. The scientific paper is under submission to an 

international journal (cooperated with the projects by Asia‐Pacific Network for Global Change 

Research, Grant Numbers ARCP2012‐18NMY‐Sase and ARCP2013‐13CMY‐Sase, and the 

Japan Society for the Promotion of Science (JSPS) KAKENHI Grant Numbers JP19H00955, 

JP19K12315 and JP18K11616): Fig. 4 

 
7. Until 2014, seven scientific papers using the data from IJR and KJK were published in the 

international journals, such as Biogeochemistry, Environmental Pollution (IF: 6.792), Water, Air 

and Soil Pollution (IF: 1.900), Limnology (IF: 1.625), and Asian Journal of Atmospheric 

Environment. 
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Table 1. Relative source contributions estimated using the sulfur isotopic ratios in rainwater (Inomata et 
al. 2019). KAJ: Kajikawa site, IJI: Lake Ijira site 

 
 

Fig. 2 Long-term trends of 
pH (a), concentrations of 
SO2- and NO- (b), ratio of 

4 3 
basic cations to strong-acid 
anions (BCs/SAAs), 
(Ca2? ? Mg2? ? K?)/ 
(SO2- ? NO-) (c), and 

4 3 
concentration of dissolved 
organic carbon, DOC (d) in 
the Kamagatani River. 
Quarterly data collected at 
RW2 from 1988 to 2014 are 
shown. The data until 2004 
were already shown in a 
previous  paper  (Nakahara 
et    al.    2010).    The 
figures were updated with an 
additional  10-year 
increment of data, until 2014 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Long-term trends of the river water chemistry at Lake Ijira site (Sase et al. 2019). In the mid- 
1990s, pH dropped with high concentrations of SO42– and NO3–, which suggested acidification and nitrogen 
saturation (Nakahara et al. 2010, Biogeochemistry). Recently, pH increased to the original level and NO3– 

concentration started declining in the mid-2000s, suggesting the recovery. 
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7038 F. Nakagawa et al.: Export flux of unprocessed atmospheric nitrate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Schematic diagram showing the biological processing of nitrate in a forested catchment under nitrogen saturation (a) and that 
under nitrogen-limited, normal forest (b) (modified after Nakagawa et al., 2013). All the arrows (flows) related to the determination of the 
Matm /Datm ratios are shown in red and pink, while the arrows (flows) related to nitrification in soils are shown in brown and yellow. 

 

Fig. 3 Mechanisms of NO3– leaching (Nakagawa et al. 2018). The 17O excess (Δ17O) value is quite 
different in the atmospheric NO3− due to ozone oxidation. Therefore, by using the Δ17O values, it can be 
estimated how many percent of the unprocessed atmospheric NO3− is leached into the stream water, 
which is a useful index for nitrogen saturation. 
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Fig. 4 Input by atmospheric deposition (In), Output by river water (Out), and Net export percent at 
Kajikawa site (Sase et al. submitted). The output declined with the input; however, the response of ecosystems 
was slow. Thus, net export increased recently and sometimes the output exceeded the input (2014 and 2017). 
The similar phenomenon was reported in Europe (Vuorenmaa et al. 2017, Ecological Indicators), which could 
delay the recovery from acidification. 
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B) Catchment analysis by international joint research projects in the EANET countries 

8. International joint research projects on catchment analysis have been implemented in cooperation 

with Thailand, Malaysia and Russia. In particular, at Sakaerat site (SKT), in Nakhon Ratchasima 

Province, Thailand and at Danum Valley site (DNV), Sabah, and Bintulu site (BTL), Sarawak, 

Malaysia, research projects was conducted for the observational periods, 2005-2015, 2008-2015, 

and 2012-2015, respectively, which were supported by a Grant‐in‐Aid for Scientific Research on 

Innovative Areas (JP20120012) from the Ministry of Education, Culture, Sports, Science, and 

Technology (MEXT), Japan; the Environment Research and Technology Development Fund (C‐ 

052, C‐082 and B‐0801) from the Ministry of the Environment of Japan; and a grant from the 

Asia‐ Pacific Network for Global Change Research (APN, ARCP2012‐ 18NMY‐Sase; 

ARCP2013‐13CMY‐Sase, Sase et al., 2015). The APN project was conducted as the comparative 

study among KJK and sites in Thailand and Malaysia 

 
9. Major scientific outputs from joint research projects are as follows: 

 According to the observational data Thailand, it was suggested that stream water chemistry in the 
dry evergreen forest responded sensitively to seasonal changes in atmospheric conditions, such 

as precipitation pattern and deposition of ion constituents. Atmospheric deposition of SO4
2–

 

declined over 6 years, while the pH of stream water declined with increasing concentrations of 

SO4
2– and other major ions: Fig. 5 

Sase et al. 2017. Hydrological Processes 31, 836–846. (IF: 3.189) 
 
 
 The comparative study between KJK and Komarovka River site (KMR) in Far East Russia has 

been started since October 2019 with a Russian Ph.D. student in Niigata University, who was the 

EANET Fellowship researcher in 2017, because acidification with nitrogen leaching at KMR was 

suggested in the 3rd Periodic Report of States of Acid Deposition (PRSAD3). 

 
10. Until 2014, seven scientific papers using the data from SKT and DNV were published in the 

international journals, such as Atmospheric Environment (IF: 4.039), Forest Ecology and 

Management (IF: 3.170), Geoderma (IF: 4.848), iForest (IF: 1.683), Journal of Tropical Ecology 

(IF: 1.163), and Journal of Forest Research (IF: 1.065). 

 
11. Referring to catchment studies in IJR and KJK in Japan, SKT in Thailand, and DNV in Malaysia, 

Session of SAC in 2010. Thus, IJR was registered as the EANET site for the regular catchment 

monitoring. 

the Guideline for Catchment-scale Monitoring was developed by TFSV and adopted at the 10th 

- 713 -



Pag e 7 
 

 
 
 
 

12. Since 2012, the Philippines has been preparing the regular catchment monitoring in La Mesa 

Watershed, Metro Manila, which is important as the primary source of drinking water for the 

metropolitan area. It is expected that the data will be submitted to the EANET, hopefully from 

2019. 

 
 

 
FIGURE 7 Annual changes in volume-weighted mean SO4

2− 

concentrations in throughfall and stemflow (TF + SF) and stream water 
(SW). The volume-weighted mean concentrations were calculated 
based on the annual fluxes 

 

Fig. 5 Annal mean SO42– concentrations of the deposition by throughfall and stemflow (TF+SF) and 
stream water (SW) (Sase et al. 2017). The atmospheric deposition of SO42– declined, while the stream water 
concentration increased. Under distinct dry and wet seasons, climate change, such as changes in precipitation 
pattern, may affect the stream water chemistry. 

 
III. Subjects for future catchment analysis 

13. Declining trends of atmospheric deposition of sulfur and nitrogen (especially, nitrogen oxides) 

have become apparent in many of the EANET countries. Therefore, the response of ecosystems 

to the declining deposition and relationship with climate change should be evaluated properly. 

For this purpose, catchment analysis is a useful approach. 

 
14. The following subjects should be taken into consideration: 

 Recovery from acidification 

As suggested by the cases in Europe, the response of ecosystems is slower than the declining rate 

in atmospheric deposition, and that the effect remains for a long time even after the sulfur 

deposition decreases. It is necessary to pay close attention to whether the ecosystem recovers 

smoothly from acidification with the decline of atmospheric deposition. This is also important as 

validation of relevant measures/policies in the region and each country. 

 Loads of atmospheric nitrogen to ecosystems and its cycle 
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Although many reports suggested decline of nitrogen oxide emissions, it was suggested the 

decline of ammonia emissions has not been sufficient. Nitrogen cycle is listed as one of the most 

important earth-system processes in the concept of “Planetary boundaries” and nitrogen cycle 

has already transgressed its boundary. Atmospheric nitrogen has the important role in nitrogen 

cycle. 

 Relationship with Climate Change 

Climate change is closely related to the sulfur and nitrogen cycle, and climate change may 

delay recovery from acidification. 

 
15. Currently, KJK is still important as the core site for cooperation with the EANET countries, 

including the comparative study with Russia. Although recovery from acidification has been 

suggested, excess sulfur leaching and progress of nitrogen saturation should be monitored 

carefully. From a scientific point of view, observations at the KJK will need to continue for at 

least the next five years. Efforts should be made to obtain external research grants for this purpose. 

 
IV. Actions required at SAC20 

 

16. SAC20 is invited to review the progress of catchment analysis. 
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