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Introduction

» Forest ecosystems provide various ecological services, such as provision of
nature resources, groundwater recharge, carbon sequestration, and
prevention of disasters.

* Long-term atmospheric deposition of acidifying species and related chemical
substances may have disturbed the functions and resilience of forest
ecosystems.

» According to the experience in Europe and North America, a recovery of forest
ecosystems from acidification did not progress as expected and problems
remained even after enough reduction of SO, and NOy emissions.

* Meteorological variabilities and extreme weather, such as changing
PN precipitation patterns, high temperature and sudden heavy rains, may also

"WEA affect the recovery process.
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Interactions of forest ecosystems with sulfur (S) and
nitrogen (N) compou nds (after De Marco 2022, Global Change Biology)

v' 80, 0or SO* « So far, no clear effect on biota has been
¥" NOx or NO5~ identified in Asia (Akimoto et al. 2022,
v Nb oy Ambio).
Nl-l3 NH; :
Y. » However, phenomena suggesting

Emissions disturbance of forest ecosystems by
A atmospheric deposition were observed in
b N the EANET countries (Nakahara et al.
NO. NO 2010; Sase et al. 2017, 2019, 2022,

o s Zhigacheva et al. 2022).

Emissions

* |n fact, with decrease in atmospheric
deposition, symptoms of recovery from

Sail acidification (nutrient loss) acidification have been observed in the
Alteration of biogeochemical cycles EANET countries, recently.

Stream water acidification :
N leaching from forests ‘f’

Biodiversity loss

of epiphytes
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AcAP (discharge from stream)

» Afield observation on a catchment scale is a useful

approach to evaluate effects of atmospheric
deposition on forest ecosystems, quantitatively and
qualitatively, as suggested by previous studies in
Europe and the United States.

Besides the on-site catchment analysis, impact
assessments on the regional scale have been
contributing to reduction of the emissions historically
in Europe (today’s presentations at Session 2).

The Asia Center for Air Pollution Research (ACAP)
as the Network Center for EANET (NC), has been
promoting studies on acid deposition effects on
ecosystems from the catchment scale to the regional
scale.

Since 2022, the studies have been conducted as
one of the Project Fund Activities (Activity 2 in 2022).



Joint research projects in the EANET countries
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Today’s topics
1. Changes in atmospheric deposition in the EANET joint research sites

2. Different responses of forest ecosystems in different climatic zones

3. Importance of impact assessment on the regional scale

_ Note: mostly based on peer-reviewed publications in international journals
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Study sites in different climatic zones
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(after Sase et al. 2012, Asian Journal of Atmos. Environ.; Japan Meteorological Agency website)
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» S deposition decerased for the observational period, while no trend
or a slight increase in N deposition was observed (the recent
EANET data shows higher deposition in the late-2010s).

* Precipitation patterns changed with showing high contributions of
late-wet season precipitation in middle/later years.

(updated after Sase et al. 2017, Hydrological Processes)
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Atmospheric dep03|t|on in Japanese sites
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» Both S and N deposition have
been decreasing, suggesting
improvement of
national/regional atmospheric
environment.

(EANET 2021, PRSAD¢4; after
Sase et al. 2021, Atmos Environ)
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Atmospheric deposition in KMR, Far East Russia
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(Zhigacheva et al. 2022, Limnology)

___ Dissolved Inorganic Nitrogen, DIN « Total S and N deposition (wet +

dry) show no clear trend, while
rainwater pH is increasing.

There were transition periods
from a decreasing frend to an
increasing trend of S and N in
2011 and 2014, respectively.

Precipitation patterns changed
with showing high contribution in
warm-season precipitation.
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Key findings in atmospheric deposition

SKT, Thailand/dry tropical Decreasing Changing precipitation pattern
R, KJK, Japan/temperate ~ Decreasing
KMR, Far East Russia/boreal decreasing to increasing Changing precipitation pattern

» Atmospheric S and/or N deposition have been decreasing in the sites in Thailand
%ndtJlgpan_, while no clear trend (or recent increase) was observed in the site in Far
ast Russia.

* Thus, it seems that improvement of atmospheric environmental quality has not
nlece?.sarlly progressed in the same way in these forested catchments in different
climatic zones.

* In the sites in Thailand and Far East Russia, the precipitation pattern has been
changing.

The question is:
@\ How have the forest ecosystems responded to these changing atmospheric
ACAP environment?
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Stream water chemistry at SKT, Thailand
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ACAP 2005 2007 2009 2011 2013 retention-release cycle (Updated after Sase et al. 2017. Hydrol Process).




Possible mechanisms of material dynamics in SKT
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Stream water chemistry at IJR, Japan
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1) Acidification and N saturation due to climatic anomalies: since the mid-1990s
/ﬁ 2) Recovery from acidification/N saturation: since the mid-2000s
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Stream water chemistry at KJK, Japan

Tree thinning Maturation of trees
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Stream water chemistry at KMR, Far East Russia
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« Acidified with a decrease of pH and increases of SO,4 and NO5~ concentrations.

Vei  An increase in the warm-season precipitation contributed to effective discharge of
ACAP materials from the forest ecosystem. (Zhigacheva et al. 2022).



Comparison between IJR, KJK, and KMR

Stream NO. %0 KMR 201?’5019 » NO;~ concentration in stream
concentration 20152019 g o water is decreasing with
- S0r 1 ® o decrease in N deposition at |JR,
] N ° suggesting recovery from N
= i , KIK saturation.
= 40 ; KMR 2005-2009
= i PY IR * At KJK, recovery has not been
£ | R &/ o0sa01 clear, due to forest maturation in
g 30 ¢ } addition to high N deposition.
- ' * At KMR, NO5™ concentration in
S t stream water susbstantially
¢ UR increased with small change in
10 } | ¢ 2015-2019 N deposition, suggesting a large
KMR effect of changes in precipitation
2005-2009 N deposition pattern.
/’\ ’ 0 50 100 150 (Zhigacheva et al. 2022)

ACAP DIN flux by Precipitation, mmol m “ .



Key findings in ecological response

SKT, Thailand/dry tropical Decreasing Acidification with SO,2' leaching Changing precipitation pattern

R, KJK, Japan/temperate ~ Decreasing Recovery from acidification Forest maturation (due to little
(NO;' leaching at KJK) forest management)

KMR, Far East Russia/boreal decreasing to increasing Acidification with SO, and | Changing precipitation pattern
NO;' leaching

The answer is:

Recovery from acidification and/or N saturation has not necessarily been observed
with decreases in atmospheric deposition in forested catchments.

» Qther factors, such as changes in precipitation pattern and forest conditions (growth/maturation), were
closely related to the recovery process, in addition to atmospheric deposition.

le i

Vo

ACAP How meteorological conditions are related to the long-term atmospheric deposition? ‘V’
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Necessity of the “legacy-pool” study

Present

Ongoing changes o Extreme weather events, such as
heavy rain, may disturb the discharge
processes and alter elemental cycles
in forest ecosystems.

Cumulative Extreme weather
atmospheric depositiQ

decades to a century

» Disturbance of the “Legacy Pools” of
atmospheric deposition may cause
sudden discharge of pollutants to
stream water, reducing the resilience

T —7 of forest ecosystems.
Accumul falt;ontcyc S0 Disturbance of legacy pool
PO SELECONOROERERTENSYP » The NC obtained a new JSPS grant

(Legacy Pool)
successfully to study this subject &
intensively. "EANET

Gradual discharge

discharge
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The current and future assessment in the EANET region
|

Atmospheric Temporal and spatial data

* Individual deposition on Atmospheric deposition

observations — —
. Lﬂgrgturg SUIVEYS | Roactions | Reg|onal reactions
« Existing indice inputs to environmental managements) [
» Country-scale

trials :

fE:E:treer;to?yp;;:fs Regional impact assessment

Characterization of the respective areas

P » Impact assessments on the regional scale will contribute to regional environment
Q‘ mangements and cooperations.

V¢

ACAP  Methodological studies should be promoted in the EANET region.
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A traial on the national scale in Japan

(Yamashita et al. 2016, Journal of Forest Research)
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/ Fig. 1 Spatial distribution of cumulative potential acid depositi
(CPAD) on the Japanese archipelago between 1981 and 2005
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== » Cumulative acid deposition for the
AC/ period from 1981 to 2005
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Risk levels
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X Blank area corresponds to
agricultural and residehal zone

‘Relative risk map of surface water
acidification based on soil and
bedrock sensitivities.

The black dots represent the points where
the river water acidification was observed.

The national monitoring data contributed
to verification of the results.

Fig. 4 Comparison of the map of case F with the observation po
at which a declinelflack circle) in the river water pH was detected ¢
least once during 198191990, 19912000, or 200192009, alon¢
the locations of study sites where trends for acidibcation have t
reported (I, *2, *3, and *4). The seasonal MannbKendall te
(P < 0.05) was applied to the 638 observation points in the we
quality database for public water bodiekttps://www.nies.go.jp/
igreen). *I River water in Niigata (Matsubara et &0098, *2 Lake

Yashagaike (MOE2014), *3 surface water in the Leke ljira water
shed (Yamada et al2007 and Nakahara et al2010, *4 Lake

Sawanoike (Yoshikawa et a2000 v



~

l High risk "

Increasing trend
of nitrate in the

A traial on the regional scale

g :
Critical load exceedanée.for eu

* By using the critical load approach, which was

utilized for regional assements in Europe,
possible risks on acidification and
eutrophication (N saturation) were assessed
on the regional scale.

» The results were compared to the EANET

monitoring data, including the data at KMR.

(Yamashita et al. 2022, Science of the Total
Environment)

» Methodological studies on impact

assessments on the regional scale should be
promoted in cooperation with other research
communities.



Summary

* Improvement of atmospheric environmental quality has not necessarily
progressed in the same way in these forested catchments in different climatic
zones, although decreasing trends of atmospheric deposition have been
observed in some of sites.

* Recovery from acidification and/or N saturation has not necessarily been
observed in these forested catchments with decrease in atmospheric
deposition.

» Changes in seasonality (especially precipitation pattern) in different climatic
zones may have an important role in the recovery processes above.

» The site-specific data including the EANET observational data should be
-~ compared and characterized by comparison with regional assessment trials
ver ~  for the future development of the regional network.

——
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