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Trend of emissions in Asia 

Kurokawa and Ohara (2020)
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North China Plain (NCP)

South Korea (SK)

Japan (JPN)

NH3 trends by satellite data analysis: 2013 to 2024 
(Trend of the time series decomposition analysis)

Unit: molecules cm−2

Choi et al. (2025)3



Trend of deposition ratio of N / S in Japanese remote EANET sites

Matsuda (2024)
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The Haber–Bosch process   N2 + 3 H2 2 NH3 

Nitrogen fertilizers, 
Compound fertilizers containing nitrogen, etc.

NH3
NH3

Feed crops

TUAT TUAT
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Relationship between sources and receptors of air pollution

EANET (2019) Fourth Report for Policy Makers6
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https://www.env.go.jp/content/000264695.pdf 8



“Major N-deposition Species”

▪ Wet deposition： NO3
-， NH4

+

▪ Dry deposition： gas NO2，HNO3， NH3

aerosol NO3
-， NH4

+

Oxidized N        Reduced N

▪ Increase of CO2 absorption by plants
▪ Increase of biomass

▪ Acidification and Eutrophication

▪ Biodiversity loss

“Impacts of N deposition”

Critical level

Wright et al. (2018)9



Wet and Dry deposition monitoring at EANET

Wet deposition                                  Dry deposition

Wet deposition = Concentration x Precipitation amount
Dry deposition = Concentration× Deposition velocity (Vd)

Calculated by 
Resistance model

Wet-only sampler

Rain gauge Filter pack

Meteorological 
sensors
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Ban, Matsuda, Ohizumi (2022)

Total Nr deposition in 2019 

20

A method estimating dry deposition 
for assessment of nitrogen load on 
forests in East Asia
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This report describes the scientific 
background and results from the 
review and revision of empirical 
critical loads of nitrogen that had 
been established for Europe in 
2011 under the auspices of the 
UNECE Convention on Long-range 
Transboundary Air Pollution 
(LRTAP Convention).

https://www.apis.ac.uk/review-and-revision-empirical-critical-loads-nitrogen-europe 12



Empirical N critical loads to natural and semi-natural 
ecosystems (examples)

Range 
kg N ha-1 y-1

Ecosystem type

5 - 20Coastal habitats

2 - 10Inland surface water habitats

5 - 20Grasslands and tall forb habitats

3 - 15Heathland, scrub and tundra habitats

2-15Forest habitats

Range of the values   for “reliable” and “quite reliable” levels 
at three levels of reliability
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Yamashita, Sase, Kurokawa (2022)

Assessing critical loads and 
exceedances for acidification and 
eutrophication in the forests of East 
and Southeast Asia: A comparison 
with EANET monitoring data
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Available EANET data on reactive nitrogen (as of 2023)

NoteNumber of siteMonitoring media and monitored 
reactive nitrogen

Concentration and 
deposition

57Wet deposition (rainwater):
NO3

−, NH4
+

Concentration
Deposition flux (only at 
11 sites in Japan)
AT (NO, NO2, NOx): 17 
sites
PS  (NO2): 2 sites

36
(FP method)

Dry deposition (air concentration):
Gases (HNO3, NH3), 
Particles (NO3

−, NH4
+）

Concentration17Inland water (lakes and rivers): 
NO3

−, NH4
+

Concentration, 
Deposition/discharge
(utilizing the nearest 
deposition data)

2
(+1 as the 
project activity)

Forest catchment (Atmospheric 
deposition and river water):
NO3

−, NH4
+

FP, filter pack; AT, automatic monitor; PS, passive sampling

Wet deposition monitoring sites: 57 sites

urban, 
rural, 
remote
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https://nadp.slh.wisc.edu/wp-content/uploads/2020/11/AMoNsheet.pdf

Since 2007
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Procedure Cost Artifact
 Denuder Complicated High No

 Filter pack Yes

 Passive Simple Low No
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NH4NO3

(NH4)2SO4

HNO3+NH3

PTFE

Nylon

Alkali

Acid

+HNO3

+NH3

PTFE

Nylon

Acid

Air flow
   

Filter pack Denuder
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Passive sampler: OGAWA & CO., LTD.
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Uncertainties  of NH3 deposition estimation:
Model intercomparison of the resistance models

Flechaerd et al. (2011) 

For forest surface  

 F : Forest    
 SN : Semi-natural short  

vegetation
 G : Grassland
 C : Cropland
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Bi-directional exchange of NH3 in natural ecosystems

compensation 
point
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Bi-directional model for NH3

χc
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 χa：NH3 concentration
 Ra：aerodynamic resistance
 Rb：quasi-laminar layer resistance

ୟ ୡ

ୟ ୠ

Canopy 
compensation 

point

Zhang et al. (2010)
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Exchange flux measurements by Relaxed Eddy Accumulation

Flux = β σw ( Cup – Cdown)

β : empirical coefficient
σw : standard deviation of

vertical wind speed
Cup : updraft concentration
Cdown : downdraft  

concentration

Matsuda et al. (2015)

Deposition velocity
= Flux / Concentration
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Observation tower of FM Tama in deciduous broadleaf forest

Aerosol sampler

Thermo-hygrometer
Exchange
flux

3D Ultrasonic anemometer
with REA sampling system

Vertical
gradient

30 m

20 m

western suburb in Tokyo
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JSPS-KAKENHI project 2023-2025
Mechanism of air-tropical forest exchange of 
gaseous and particulate reactive nitrogen in Southeast Asia

TUAT, TISTR
Kyushu Univ.
ACAP, Toyo Univ.
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Temporal variations in NH3 concentration at 34m (black line) and 26m (red line)
106.81 μg/m3
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Date in 2024
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Summary

 East Asia is a region at high risk of ecological impacts due to nitrogen 
deposition.

 EANET monitoring covers the essential items for the assessment of 
nitrogen deposition amount.

 The contribution of ammonia (reduced nitrogen) to total nitrogen 
deposition is increasing. 

 Considering the importance of ammonia monitoring, it is effective to 
use a passive sampler.

 There are large uncertainties to estimate ammonia dry deposition; 
further studies on the mechanisms are encouraged.
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