
Progress Report on Joint Research Project with Malaysia 

on the Catchment Analysis-2010 
 

Sase1, H., Yamashita1, N., Urban2, S., Kobayashi1, R., Sanusi3, A., Majid3, 
N.M., Leong4, C.P. 

 

1Asia Center for Air Pollution Research, 1182 Sowa, Nishi-ku, Niigata 950-2144, Japan; 
E-mail: sase@acap.asia. 

2Malaysia Meteorological Department, Malaysia; 3Universiti Putra Malaysia, Malaysia; 4the 
former Deputy Director General of Acid Deposition and Oxidant Research Center (ADORC). 
 

1. Introduction 

 

Integrated monitoring based on the biogeochemical elemental cycle should be considered for the total 

evaluation of ecological impacts of acid deposition. Catchment-scale monitoring is one of the solutions for this 

purpose but has not enough been promoted in tropical region. The project was carried out as a part of the project 

supported by the Global Environment Research Fund (GERF, C-052, C-082 or B-0801: Project Leader, Dr. 

Junko Shindo, National Institute for Agro-Environmental Sciences: NIAES), the Ministry of the Environment of 

Japan. Moreover, the project was conducted in collaboration with Lancaster University (Dr. Nick Chappell, 

hydrologist).  

 

2. Objectives 

 

The project was carried out with the following final objectives: 

- To estimate effects of acidic deposition on tropical rainforest catchment in Malaysia  

- To develop a monitoring guideline for the catchment analysis in the tropical ecosystems for future 

EANET monitoring 

 

3. Methods 

 

3.1. Surveys on a small forest catchment 

A study site for the catchment-scale analysis of elemental cycle was established in 2008 in a tropical 

rainforest in the Danum Valley area, Tawau Division, Sabah, Malaysia. Field surveys are carried out in the Baru 

Catchment (approx. 45 ha), which has been studied by Lancaster University. As for the input, the data on wet 

deposition and dry deposition at the EANET Danum Valley station was referred basically. Additionally, ten sets 

of resin throughfall samplers (diameter, 120 mm) were installed under the forest canopy in the study catchment, 



which could trap ion constituents in throughfall by using ion-exchange resin. The ions extracted from the 

exposed resin for several months were analyzed to estimate annual input. The survey was conducted twice a year 

in September and February/March. As for the output, the stream water at the outlet of the catchment was 

collected at two-week interval. Hydrological data collected by Lancaster University was referred for calculation 

of material flux from the catchment. Continuous surveys of input and output were started in September 2007. 

Soil solution, soil moisture, and ion fluxes in soil layers were measured near the throughfall samplers. A soil 

sampling plot with five subplots was also set up in the catchment according the EANET method (EANET, 2000).  

3.2. Regional survey on river water and wet deposition  

Moreover, regional survey on river water and wet deposition was conducted in Tawau Division as shown 

in Figure 1. The wet deposition was estimated by using the resin samplers. 

 

 

4. Highlighted results 

 

4.1. Material flux in the study catchment 

Table 1 shows annual vertical flux of N compounds and base cations from the forest canopy to the stream 

water at Baru Catchment in Danum Valley. Element fluxes in soil layers were significantly larger than in 

throughfall, suggesting large internal cycles. Within the soil layers, the fluxes were larger in Danum Valley site 

than in Sakaerat site, Thailand, suggesting larger internal cycles in Danum Valley.  

Figure 1. Map of the regional survey on river water and wet deposition using 

the resin sampler in Tawau Division, Sabah, Malaysia. 
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Concentration and flux of SiO2 in the stream water in Danum Valley site were 2 times and 10 times higher 

than those in Sakaerat site, respectively, suggesting higher mineral weathering rate in Danum Valley. In Danum 

Valley site, alkalinity and pH of stream water were relatively high and pH hardly declined, while those in 

Sakaerat site were significantly low and both parameters often varied in response to water level, ion input etc. 

These phenomena could be attributed to the different mineral weathering rate in these sites. 

4.2.  River water chemistry in Tawau Division 

The pH, EC and alkalinity in the catchment plot (Baru Catchment) were the lowest within the sampling 

 Table 1. Annual material flux in Danum Valley, Malaysia and Sakaerat, Thailand  

 
Note. nd, not determined. Rainfall and throughfall depositions were measured by the ion-exchange-resin sampler. 

NO3
-  NH4

+
Na+ K+ Ca2+ Mg2+

kmolc ha-1 y-1

Rainfall 0.04 0.09 nd nd 0.03 0.06
Throughfall 0.03 0.41 nd nd 0.38 0.27
Soil 0cm 6.28 0.45 1.69 14.1 15.4 7.8
Soil 20cm 8.63 1.21 1.17 8.45 6.43 5.19
Soil 70cm 6.56 1.12 0.96 6.77 9.64 5.44
Stream 0.10 0.01 1.21 0.18 1.80 1.49

Rainfall 0.14 0.27 nd nd 0.11 0.04
Throughfall 0.29 0.43 nd nd 0.40 0.26
Soil 0cm 1.54 3.4 0.9 11.2 7.2 6.3
Soil 20cm 0.65 1.7 0.4 1.9 1.8 1.9
Soil 60cm 1.70 1.4 0.6 1.8 1.9 4.1
Stream 0.01 0.01 0.15 0.04 0.10 0.15

Danum Valley

Sakaerat

Figure 2. River water chemistry in Tawau Division. 

The points, from S1-01 to S1-1, were within the study catchment. 



points (Figure 2). The values were significantly lower than those at the downstream points, from S1-2 to S1-8, 

even in forest area. It was confirmed that the study catchment was non-polluted and relatively susceptible to acid 

deposition because of its low EC and alkalinity. The sampling points in palm plantation area showed relatively 

high pH, EC, alkalinity, and SO4
2-. However, the values of NO3

- were not quite high except the point S2, just 

beside the palm oil factory. Rapid denitrification rate in tropical climate may reduce the concentration of NO3
- in 

the rivers.  

 

5. Outcomes of the project 

 

As scientific outputs from the project and relevant research activities in the study catchment, the 

following paper was published in international journal: 

1) Sase, H., Nakayama, S., Leong, C.P., Kamisako, M., Luangjame, J., Garivait, H., Visaratana, T., 

Kietvuttinon, B., Ueda, H., 2009. QA/QC activities and ecological monitoring in the Acid Deposition 

Monitoring Network in East Asia (EANET). iForest 2: 26-29 URL: 

http://www.sisef.it/iforest/show.php?id=481 

The reprint of the paper above can be obtained from the first author: sase@acap.asia. 

A part of the project was also presented in the XXIII International Union of Forest Research Organization 

(IUFRO) World Congress, Korea in August 2010: 

2) Sase, H., Luangjame, J., Garivait, H., Urban, S., Yamashita, N., Nakahara, O., Kietvuttinon, B., 

Visaratana, T., Kobayashi, R., Takahashi, M., Hakamata, T., Chappell, N., Leong, C., Ohta, S., Shindo, 

J., Hayashi, K., Matsuda, K. 2010. The EANET challenge on the catchment-scale analysis for the 

future integrated monitoring, International Forestry Review. 12 (5): 234. 

Moreover, the experience through the project was summarized as a technical paper, Recommendations for 

preparation of a guideline on the future catchment monitoring in the EANET participating countries. Based on 

the recommendations above, the Guideline for Catchment-scale Monitoring in East Asia was developed by the 

Task Force on Soil and Vegetation Monitoring of EANET. The Guideline was endorsed by Scientific Advisory 

Committee at its Tenth Session (SAC10) in October 2010. It is expected that catchment-scale monitoring will be 

conducted on a regular basis using the Guideline in the EANET countries. This is the great outcome of the 

project, which can contribute to the future EANET monitoring and evaluation of ecosystem impacts in the 

region.  
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1. Introduction 

 

Integrated monitoring based on the biogeochemical elemental cycle should be considered for the total 

evaluation of ecological impacts of acid deposition. Catchment-scale monitoring is one of the solutions for this 

purpose but has not enough been promoted in tropical region. The project was carried out as a part of the project 

supported by the Global Environment Research Fund (GERF, C-052, C-082 or B-0801: Project Leader, Dr. 

Junko Shindo, National Institute for Agro-Environmental Sciences: NIAES), the Ministry of the Environment of 

Japan.  

 

2. Objectives 

 

The project was carried out with the following final objectives: 

- To estimate effects of acidic deposition on tropical seasonal forested catchment in Thailand.  

- To develop a monitoring guideline for the catchment analysis in the tropical ecosystems for future 

EANET monitoring. 

 

3. Methods 

 

3.1. Surveys on a small forest catchment 

A study site for the catchment-scale analysis of elemental cycle was established in 2005 in a 

dry-evergreen forest in the Sakaerat Silvicultural Research Station (Sakaerat SRS), Nakhon Ratchasima Province, 

Thailand. Field surveys on input (atmospheric deposition), output (discharge from a stream) and biogeochemical 

processes are carried out in the selected catchment area (approx. 35 ha). As for the input, precipitation samples 

including throughfall (TF), stemflow (SF), and rainfall outside the forest canopy are collected basically at 

two-week interval. As for the output, continuous monitoring of the discharge and measurement of the stream 



water at two-week interval are also carried out. Continuous surveys of input and output were started in October 

2005. Soil sampling plot (40 m × 350 m) was also set up crossing the stream in the catchment to clarify the 

seasonal and spatial variation of soil acidity. Soil chemical properties, flux of litterfall, and ion fluxes in soil 

layers have been measured in the plot.  

3.2. Regional survey on river water and wet deposition  

Moreover, regional survey on river water and wet deposition was conducted in Nakhon Ratchasima 

Province as shown in Figure 1. The river waters for chemical analysis were collected from the streams in forest 

area to the main rivers along the river water flow. The wet deposition was estimated by using the resin samplers, 

which could trap ion constituents in rainwater by using ion-exchange resin. The ions extracted from the exposed 

resin for several months were analyzed. The survey was conducted twice a year, in wet season and dry season. 

 

4. Highlighted results 

 

4.1. Seasonal changes in material flux in the small catchment 

As reported in the EANET Science Bulletin Volume 1 in 2008, deposition amounts of all ions by TF+SF 

significantly increased in the middle of March, in the beginning of wet season. The similar seasonal changes 

were found in the later years. It was suggested that air pollutants including much SO4
2- and NO3

- were suspended 

in the atmosphere during dry season and washed out by the first precipitations in the beginning of wet season.  

The stream water chemistry showed specific phenomena as also reported in the previous EANET Science 

Bulletin; the pH and EC increased with alkalinity and concentrations of cations (alkalization) in early wet season, 

and then, the pH and alkalinity suddenly declined with peaks of SO4
2- (acidification) in middle or late wet season. 

As for the acidification, the flushing SO4
2- may be derived from the high deposition in the beginning of wet 

Figure 1. Map of the regional survey on river water and wet deposition using 

the resin sampler in Nakhon Ratchasima Province, Thailand. 
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season, while the detailed mechanism on trapping/releasing of SO4
2- in the ecosystems is still under discussion. 

As for the alkalization in early wet season, high mineralization rate in soil may affect the stream water chemistry. 

Figure 2 showed seasonal changes in fluxes of NO3
- and NH4

+ in shallow soil layers. Both NO3
- and NH4

+ fluxes 

were the highest in the early wet season (wet I). Since the similar seasonal pattern was seen in the flux of base 

cations, it was suggested that mineralization rate of organic compounds was the highest in early wet season 

(Yamashita et al., 2010). The high mineralization rate in early wet season may produce much amount of base 

cations and NH4
+, resulting in alkalization of the stream water. 

4.2. River water chemistry in Nakhon Ratchasima Province 

The stream in the study catchment (S4-0) showed the lowest pH and EC and alkalinity among the 

surveyed rivers, even if compared with the streams (S7-1 & -2) in the conservation forest area of the Tapran 

National Park (Figure 3). At the downstream points in agricultural area or city area, the pH, EC, alkalinity, and 

SO4
2- concentration were quickly increased along the flow. Similarly, the rivers from degraded forest area with 

certain area of agricultural field (S2, S3, S5 and S6) showed also relatively high values. However, NO3
- 

concentration was not increased along with the forest degradation and/or river flow. Rapid denitrification rate in 

tropical climate may reduce the concentration of NO3
- in the rivers. Anyway, it was confirmed that the study 

catchment was non-polluted and must be susceptible to acid deposition because of its low EC and alkalinity.  

 

 

 

 

dry wetI wetII

0
1

2
3

4

NO3in

gN
m

2
pe

rio
d

dry wetI wetII

0
1

2
3

4

NH4in

gN
m

2
pe

rio
d

dry wetI wetII

0
1

2
3

4

NO3out

gN
m

2
pe

rio
d

dry wetI wetII

0
1

2
3

4

NH4out

gN
m

2
pe

rio
d

dry wet I wet II wet III dry wet I wet II wet III

dry wet I wet II wet III dry wet I wet II wet III

NH4
+ litter leachate

NH4
+ leaching from 5cm

b

a

b b

b

a

c
b

b

a

b
b

b

a

b
b

NO3
- litter leachate

NO3
- leaching from 5cm

leaching (0 cm) leaching (0 cm)

leaching (5 cm)leaching (5 cm)

Figure 2. Seasonal changes in NO3
- and NH4

+ in shallow soil layers. 

Blue colored part represents wet season. Wet I, II, and III corresponded to 

early, middle, and late wet seasons, respectively. 



5. Outcomes from the project 

 

As scientific outputs from the project and relevant research activities in the study catchment, the 

following papers were published in international journals: 

1) Yamashita, N., Ohta, S., Sase, H., Luangjame, J., Visaratana, T., Kietvuttinon, B., Garivait, H., Kanzaki, M. 

(2010). Seasonal and spatial variation of nitrogen dynamics in the litter and surface soil layers on a tropical 

dry evergreen forest slope. Forest Ecology and Management. 259: 1502-1512. 

doi:10.1016/j.foreco.2010.01.026. 

2) Sase, H., Nakayama, S., Leong, C.P., Kamisako, M., Luangjame, J., Garivait, H., Visaratana, T., 

Kietvuttinon, B., Ueda, H., 2009. QA/QC activities and ecological monitoring in the Acid Deposition 

Monitoring Network in East Asia (EANET). iForest 2: 26-29 URL: 

http://www.sisef.it/iforest/show.php?id=481. 

3) Murata, N., Ohta, S., Ishida, A., Kanzaki, M., Wachirinrat, C., Artchawakom, T., Sase, H. 2009. Comparison 

of soil depths between evergreen and deciduous forests as a determinant of their distribution, Northeast 

Thailand. Journal of Forest Research. 14: 212-220. DOI10.1007/s10310-009-0127-7. 

4) Tominaga, K., Ohta, S., Ishida, A., Kanzaki, M., Wachrinrat, C., Archawakom, T., Sase, H. 2010. 

Comparison of soil nutrient status between dry evergreen and deciduous forests in northeast Thailand. 

Proceedings of the FORTROP II: Tropical Forestry Change in a Changing World, 17-20 November 2008, 

Kasetsart University, Bangkok, Thailand. pp. 171-200.  

Figure 3. River water chemistry in Nakhon Ratchasima Province. 

The point S4-0 was the small catchment plot.  



The reprint of the papers above can be obtained from the first author: sase@acap.asia. 

A part of the project was also presented in the XXIII International Union of Forest Research Organization 

(IUFRO) World Congress, Korea in August 2010: 

5. Sase, H., Luangjame, J., Garivait, H., Urban, S., Yamashita, N., Nakahara, O., Kietvuttinon, B., Visaratana, 

T., Kobayashi, R., Takahashi, M., Hakamata, T., Chappell, N., Leong, C., Ohta, S., Shindo, J., Hayashi, K., 

Matsuda, K. 2010. The EANET challenge on the catchment-scale analysis for the future integrated 

monitoring, International Forestry Review. 12 (5): 234. 

Moreover, the experience through the project was summarized as a technical paper, Recommendations for 

preparation of a guideline on the future catchment monitoring in the EANET participating countries. Based on 

the recommendations above, the Guideline for Catchment-scale Monitoring in East Asia was developed by the 

Task Force on Soil and Vegetation Monitoring of EANET. The Guideline was endorsed by Scientific Advisory 

Committee at its Tenth Session (SAC10) in October 2010. It is expected that catchment-scale monitoring will be 

conducted on a regular basis using the Guideline in the EANET countries. This is the great outcome of the 

project, which can contribute to the future EANET monitoring and evaluation of ecosystem impacts in the 

region.  




